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SUMMARY

z

ORDNANCE TARGETS

o JAPANESE TORPEDO FIRE CONTROL

The Japanese spent considerable effort on the design and manufacture

of torpedo fire control equipment. The various units are well constructed and

" function with- good accuracy. Their submarine torpedo data computers and aux-
ilidry: equipment are more simplified and less accurate than U.S. equipment,
while- above water torpedo control gear (especially for cruisers) is more com-
plicated and is equal 'in merit to that of U.S., design.

ﬁ The Japanese approach to the torpedo problem for above water launching
is surpr131ngly complete and comprehensive, provision having been made for in-

_troducing into the computing unit almost every conceivable constant and vari-

able pertaining to the problem., Torpedo fire contrpl equipment contains the
only examples of automatic inputs using electrical follow-up gear which have
been found: in Japanese fire control of any kind., Use has been made of slip
»ring follow-ups controlling a reversible motor throubh a magnetlc-tyne hunter

“switeh.:

' Target de31gnation systems as well as torpedo 1ndicatiug and firing
vonels were not well developed in submarine installations and only slizhtly
tetter.in destroyer and cruiser .applications.
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Location of Target'
Nippon Optical Company, MIZUNOKUCHI, Tokyo.

Japanese Navy Technical Department TOKYO.

Japanese Personnel Interviewed:
(8]

Nr. K. FUKAEDA, designing englneer for Nippon Optical Company, TOKYO.

Mr.| S. TSUKAMOTO, civ1lian engineer at Japanese Navy Technical
' Department TOKYO.



» "Japaneseé inti-Submarine Warfare", Index No. S-2k.

| The bulk of the information is this report was obtained from notes

‘preparedaby Mr, FUKAEDA, designing engineer for the Nippon Optical Company,

vahich.was~the‘manufacturing agent for most of this equipment.

- 5'Thekrepdrtfis divided into three parts: (I) below water or subma-
rine torpedo control, (II) above water torpedc control and (III) communica-
tions and firing panels. Only the more recent designs are described. .

Installgiions for above water torpedo fire control were made with

_combinations of various units. For destroyers, one of the following combina-
‘tions was used: j ‘

1. Type 97 (bor other similar design) director only.

2. Type 97 director with Type 3 target course and speed instrument.

3, . Type 97 director with Type 3 target course and speed instrument and
. - Type 93 computer. :

. '© The torpedo fire control systems for cruisers consisted of one of
the following combinations: :

1.  Type 97 (or Type 92, Mod 2) director with Type 93 computer (or Type
0 .+ 0) and the Type 3 or Type 93 target course and speed instrument.
. 2. .. Type 97 director and Type 1 computer.
, No attempt has been made to describe separately the destroyer and
cruiser Systems, The various sections of the report en above water torpedo
control :are devoted to individusl units. :

For information on anti-submarine fire control see NavTechJap Report
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~© THE REPORT

Part S " ( -
SUBMARINE TORPEDO FIRE CONTROL EQUIPMENT o

A. TYPE 5, MOD 3 TORPEDO FIRING DIRECTOR -

1=, . General. The torpedo fire coatrol director Type 5, Mod 3 is a cen-
tral computing instrument for use in smaller submarines and is designed
so that one operator may obtain the necessary firing data. The instru-~
mpnt is a small, compact device, inexpensive and easily manufactured.
"The$performance is limited and the instrument serves merely tc calculate
thei gyro angle which is then trensmitted to the torpedo room by means of
a selsyn motor.

2.'  Data Chart.. ' : : o

Notation Item Range of Values . Remarks
v Torpedo speed . Two constant spéeds Inherent rér torpedoes
S |1 Target speed 0 to 40, O to 32 Two scales used
;;ﬂ7§% _ :B @ Térget course 3609 " | Set by hand
%; D . |Range 500 to 3000 meters Set by'pand R
| ‘B Bearing.angle 2 + 909 Follow the pointer :
e Output gyro asngle| : 90° é Cafculated

7

3. } Auxilisry Equipment.

a. Bearing aﬁgle transmitter - Type 3, Mod 2. This transmitter
© consists of a selsyn motor which transmits the periscope bearing at
. ‘the.rate of 200 of bearing angle for one revolution of the selsyn.

- v ; b Gyro angle transmitter. This selsyn is adjusted by the operea-
: “ "tor in solving the problem of calculated gyro angle snd transmits
: tnis‘angle to the torpedo chamber at the rate of 10° per revolution.

. Prineiple of Calculation.
problem to be solved whers:

The diagram, Figure 1, indicates the

[

B - Target position
4 -~ Own ship
¢ - Point of hit

P - Equivalent point of fire

i
i
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‘ Figure 1
. TYPE 5 VECTOR DIAGRAM

. B S

It can bLe seen that: : sin (O - B) -7y sin B
, tan 5,= — <

cos (@ - 8] +F cos B

Nosin (B+ = kO) - d sin (8~ k6)

tan ED =

D= Xcos (B+ %= k6) +dcos (B~ kb

x4
.. Parallax angle of p solved from velocity triangle.

Parallax‘angle of P solved from range polygon ABPCQ

D

i

Experimental funeétion of gyro angle,

' 54 and Qf} Experimental constants of torpedo.

) and 3, are calculated by two parallax mechanisms and are indicated on
S single ‘dial by two arrow marks. Therefore, by turning the handle of
gyro angle and putting &, = &, or matching the two arrows, the required
gyro angle, 6, can be: obtained. This may be read from the dial; or, in
:equipment having manufascturers serial number above 31, it is transmitt?d
by the gyro angle transmitter ghown in the schematic diagram (Figure 2

A plan view of the equipment is shown in Figure 3. The bearing angls
. clutch is engaged when the target course (B) remains constant; any devia-
" tion from: the range vector dlagram is controlled by alteratlon of bearing
angle B only.
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|Tdrget Course

~ Target Course
Range : Dial

~IBearing Angle Hondle

?’mﬂepeatmnenrgb” f : ~ Safefy Mechorism
S : (Limit Stop)

Gyro Angle Tronsmitter

Zero Adjusting Knob e

Figure 2
TYPE & SCHEMMTIC DIAGRAN




RESTRICTED

i

Two of these urii.ts manufactured by the Nippon.Optical Company have been
shipped to Ordnance Investigation Laboratory, Indian Head, Md. See
Enclosure (B).,

58, .Welpghts and Sizes.

Length:'-..r...v....................-.-q-o...--..-.... O-8 metel‘s
WIALH cecireoconceneetrncerecrocsessncnassncsasannes 0.5 meters
Hedght weeevecosuocrossesceacsasnasssssanensesionses 0ol meters
A%'ighj‘t-.-..l'lr.Iol.o...--"bvb.’.o-g-.ca.oob-'ooo‘.ll.l.l- 220 kg

Cost ""“‘""““"‘"‘""""""""'"“","”"'"' ¥ 22,000

Target Sourse(B) Target Speed (S)

Distance (D)

_49 ®%p

v Bearing Angle: Glutch_’a_

- \ B o
Bearing Angle (B) J_' . / _L »GV'° A"?"’(e)
! "t
‘ \‘7- . o .

) Figure &
j "TYPE 5 PLAN VIEW

H TVia G0, MOD 2 TOREELDUO FIRING DIRSCTOR

1. Geyeral. The torpedo firing director Type 92, Kod 2 is & central
cempulin- instrument used in larger submarines, It is desigied so thet
ine necensary firing data with no dead time may te ovtained by one opera-
tor. To nc-omplish this, the gyro angle is calculateé Tor a future tinme >
“{choser Hirtitroerily from O to LO seconds) and five seconds before the '
ime to i"ire a tell begins to ring. The torpedo is launched when the
tell stonz rinsing.

10
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2.  Data Chart.

_ Notation Ttem Range of Values Notes
v Torpedo speed 26 to 56 knots Jet on dial br hend
= T Time interval 0 to 40 seconds Set on dial by hend
= i “u Own spee@j 3 to 2C~knots Set on dial by hard
T LR - Bearing angle 3609 ! Automatic input
c Turning angle + 20° _ é sutomatic iaput
; S Target speed 5 to 40 knots | Set on aial by bend
%%ﬁ i B8 Target course . 3600 ik Set on dizl by ﬁand
) D | Range : 500-400C meters ' Set on dial by hend
S 6" Gyro angle + 120° : Calculated
. 0o Gyro angle eorrecticn| : 10° ! ;;I-éged i
) Y Shooting bearing 360° ; Cealculated )
3. Description of Data. |
B Input data before engagement of target.
. Torpedo speed: Inherent speed of torredo; i.e., speed of tor-
- ; , pedo some minutes after firing.
ii : Own speed: Speed., of own submarine.
. | Time -interval: Time inte&vél between observation and firinog;
chosen arbitrarily.
: ) b. Input data after engaging target.
e ’ R
‘ . Target speeq: . Observed or estimated speed of target.
Target course: Observed or estimated course of target.
Range: Observed distance between own ship and terzet;
. B from periscope, sonar or rader.
c; Autometic input data.'
“f‘i ) .. Bearing angle: The bearing angle of the periscope’ is continu-
: ~ 5 o ously transmitted by selsyn to the director
. while phe periscope is up.
Turn angle: Deviatgons of own ship course after periscope is

‘lowered; transmitted automatically by selsyn
from master compass.

d. © Reguired output data.

N\

N
. Gyro angle: The angle between shooting direction and the
: ! ) terminal running direction of the torpedc. Tre
. angle 1s calculated by the instrument ard tranz-
mitted by selsvn to the torpedo rooms.
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' ,3" = . Shoéting"bearingé: Bearing sngle at shboting position; this angle
3 ' o is used for checking in drill.

A plan view of the equipment in Figure 4 shows the layout of the
dials and location of handwheels.

.. - Principle of Calculation. Referring tc Figure 5 the following notes

apply: : o
" Ay~- Observing point of own ship
| ‘4, - Firing point of own ship l
| = }  t '33;: A, - Equivalent point of firing
' - : 51— Target position observed 7
B, - Taréet position.at firing
P B, - Hitting point
T e
ST sin B+ oT sin (8- C) + A sin (B Cot 2 k9
tan § o= TTmwo o e e i e = (2}

D~ [T cos B+ vT cos (B~ CJ + A cos (8- C+ 5 k6))

tan & o P sinB=C=-0) +SsinB
Y Vocos (B-C=6)+ ScosB ' T {3)

tan 5J5Différence»of~bearing angle " _ )

tan & =Parallax‘angle;of equivalent point of firing calculated from the
range vector B,B;4;4,4; '

" tan 8f=Pérallax angle of eQuivalent point of firing calculated from the
speed triangle : -

Experimental or empirical function of gyro angle ¢

i
il

k

1

Experimental or empirical constant of torpedo.

5. Description of Operetion and Schematic Diagrams. Figure 7 shows a

- gimplified schematic diagram of the mechanical principles of the instru-
ment and Figure 8 shows the eledtrical circuits in simplified form. Both
may be referred to in the following description.

« ~ Before sighting, the handwheels la, 1b and lc are rotated to set the
torpedo’ constants and the chosen time T. :After sighting a target, hand-
wheels 2, 3, and 4 are adjusted according to observations or estimations.
The two markers for %, sand 5, will not coincide, so handwheel ‘5 (gyro
angle ¢ ). is rotated until the two pointers are matched. This is the re-
quired gyro angle and is read on the appropriate dial (also automatically
transmitted to the torpedo rooms)., While sighting through the periscope,
bearing angle g is automatically received and introduced into the device
. ‘by means of a.slip ring type electrical fcllow-up device. This follow-up
= S was found only in the torpedo fire contde@of the Japanese Navy. Its :
| operation is easily understood by referring to the electrical wirling dia-
: ) gram. - The contact points consist of a tungsiten silver brush and the slip
A rings are made of platinum alloy 6mm wide.

k3
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Starting handle & i ] —-lf’. " Torget speed
" Glock mechanism (}[l_ -~

_‘E - Target course

_ t | _LDL e
B jﬂ Turoefbeoring(nwdéi_ @ 94 \ g:I[gD —‘E Gyro angle

O-—%w«:ming lamp o

’ ’ . .l |l‘-_—‘—correcnon angle
. ) : . : T v __V—tA—e ... Torpedo speed

-—— Qwn speed .
- -—— Time Interval

Figure 4
TYPE 42 PLAN VIEMW

Figure 5
TYPE 92 VECTOR DIAGRAM
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V.sin(B-C- 0)

Figure 6
TYPE 92 "V" CALCULATING MECHANISHM

" Referring to Pigure 7, when the periscope is lowered, the starting handls,
6, 1s mowed; this starts the clock mechanisu and also actuates the magne-
" tie .clutches 7 and 8 whizh put the turn angle electrical follow-up into
the circuit. While the periscope is transmitting bearing angle, turn
angle has no effect on the inputs. After lowering the periscope, any
changes . in the submarine's course are automaticeally introduced by the
turn angle follow-up.

<At five seconds before firing time, the firing alarm switech, 9, is closed
by the clock mechanism and a bell rings until the end of the five seconds;
the torpedo is then Tired..

The "warnlng lamp contacts" provide a warnlng that the input data cannot
be satisfactorily solved. Contacts 10, 11 and 12 are actuated by the
denominators of formulae {l), (2), and (3) when these values are below a
certain minimum. Contacts 13 and 14 are actuated by the denominators of
formulae (2) and (3) when these are above a given maximum value.

The mechanisms shown by 7V, S, A, »v7 and ST in Figure 7 are similar to the
diagram, Figure 6, showing the calculating mechenism for V. The bottom
disc contalns a slotted cam and is turned by the torpedo speed handwheel.
The rod L is displaced from the center by the cam und the distance from
tle center represents V. The other disc is rotated in terms of (8 - C - &)
This displaces the two sliding arms and the pinions moved by racks on
these arms are: rotatea the ‘appropriate amounts to give the values indi-
cated.,

The mechanisms §,, &, eand & 6 are similar to the one shown for ¥ in cog=-
struction and operation, the only difference being that the inputs are
applied to the moving arms and the output is obtained at a single lower
disc,
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Targst 'cotm dial

Gyro angle
B ﬂuns?n?ﬁer

" Bearing cngla
_raceiver

.‘"zgl‘t‘rc 7
TYPE 92 MECHANICAL SCEEMATIC DIAGRAY

15
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.

When operating this equipment for drill purposes, is used as & ClLECK.
Observation of target is made and calculstions commence. When the bell
stops ringing, the bearinz angle (which is coustantly observed during
irill) should be eguel to. For shooting besring angle &s celculated and
shown as B'+ 8. '

6. Weights and Sizes.

Length ...'.0....IE....'........;IOl'..l.ll'.l'.......-ll.l 0.8m
width ll..'l..l....oI.ll..l'l0'0(»..........l‘n'll..l.l'.ll O.8m
Height soeensscsorsssoncsossascancaosanscncocnscnsoesses:: 1.0m
WEight eevacessosscsesescccssorosvascnesasscasse 300 kg (approx.)

COSE ecoevecesesonesossssonrossasacsscasssssesnsscecsoccunce ,000

Production was begun in April 1943 by the lioppon Optical Company and ter-
minated March 1945 after 60 units were produced. Two of these units have
been shipped to the United States. See Enclosure (B].

N Yart Il
ABOVE WATER TORPEDO FIRE CONTROL EQUIPMENT

TYPE 97, MOD 2 DIRECTOR {HOIBAN)

1. General. This director is a simple sight mechanism. It mounts &
binocular type sight, the supporting column of which is nested inside
several annular rings. Both the sight column and the rings are free to
be ad justed in rotation. o

2. . Description of Use. There are t@o methods for use. In the first
method the target is observed and various inputs made to the different

‘rings; 1.e., gyro angle, training angle of tubes, correction angle (dead
‘time, paralisx, etc.i, gyro correction angle to standard firing line

(leadsangle for spread), and rangée. The marker which indicates firing
bearing (the bearing of target ship when torpedo should be fired) can be
matched with the marker for line of sight. Thus, when the target once
again comes into view in the sights, the signal is given for the launch-
ing of the torpedo. It is possible to wait until the relative movements
of own and target ship cause the target to appear in the sights, or own
ship way be conned into the proper position for earlier firing.

The second method for using the Type 97 director is to track the target
continuously with the pin {shown in the upper left hand part of the dia-
grem in Figure 9) engaged in the hole provided. Under this condition,
the director acts merely as a target transmitter. Installed aboard

‘eruisers, the operation of the director is usually in this manner. Tar-

get bearing is trensmitted to the computer and to the target course and
speed instruments. However, should damage occur to the other equipment,
the director may be used alone by disengaging the pin and operating as in
the first method. )

3. Remarks. The Japanese had other directors which were substantially
the same as this Type 97 in construction and principle, among them were
Type 1 (known as ‘HASSHASHIKIBAN); Type 90, Mod 3; Type O and Type 92,
Mod 2. Two samples of the Type 92, Mod 2 were obtained and hLave been
shipped to the United States. See Enclosure (B).

TYPE 3 TARGET COURSE AND SPEED INSTRUMENT (SOKUTEKIBAN)

1. General. This instrument is used to obtain target course and speed
efter setting own speed, present beering and range. With this device it
is possible to conduct blind firing should the target enter a smoke
screen or otherwise be lost from view,

17
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Pointer for tumn ongle

“Dial for tum angla
o //Corrscﬁon dial
- o

Correction. pointer

Firing angle dial
/ ‘Firing angle pointer
//////rmmombmmw

_’ Fointer for lateral

Lateral deviation
correction dict

deviation correction
"
“T~“Ronge handie

=1~(//////Gwntnmedbl
‘ ——Gyro angle pointer

n Gyro angis hondis

Modsl |
Model 2 -

To transmitter m cose of
To training dial in case of

Data Chart.

Gorrection cylinder

Figure y

for lateral deviction

97, ¥OD 1 AND 2 DIRECTOR

- Item

: :
Symbol

Ran%e of Values

Notes

B8 | Target bearing

360°

From radar or director,
automatic input

Range

2000-20,000 m

From radar or rangefinder,
automatic input

Own speed

"0 to

L0 knots

land -input

Target course

3600

Calculated

Target speed

6 to LO knots

Calculated

Own .course

3600

automatic from gyro compass

: Lateral speed
component

Maximum, 4O
knots

Adjusted to coincide with
light slit on tracer

Longitudinal
speed component

Maximum, LO
knots

Adjusted to coincide with
light slit on tracer
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3« General Construction. Pigure 10 indicates the size and appearance
of the instrument. AIts weight is 290 kg. There are five levels in the
unit which are as follows:

First level: Bearing and range receivers, own speed ‘Tomponent resolver,
rate mechanism for longitudinal own speed component.
Second level: Rate mechanism for own lateral speed coﬁponent,'target
: - lateral speed component and target longitudinal speed
component.

Third level: Longitudlnalfprojector and rate mechanism for apparent
. ' lateral speed component.

Fourth level: Lateral projector and compaess repeater.

Fifth level: Constant speed motor, automatic follow-ups and plot
marking electromagnet.

Extending through the third, fourth and fifth levels - Plot.

4L, Principle of Calculation.

Figure 11

TYPE 5 TARGET COURSE AND
SPEED INSTRUMENT, VECTOR DIAGRAK

.Al - Initial own ship position
4, = 6wn ship position after AT sec
. B, Initial target ship position
B, Target position after AT sec

represent initiasl bearing, range and target course, and
B8 +08, D + AD, B + B are. these values after AT sec. ’

20 —
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From;the diagram, Figure 11, we get the following relationships:

(D + AD) sin (AP +:AC) = S AT sin B + v 4T sin (L~ 4 A0
D~ (D + AD) cos (A2 + AC) = S AT cos B + v OT cos (8 — 4 AC)

Dividing both equations by AT and putting ar - ¢

diB + C)
- tgpT— = Ssin B twvsin B

dD  _ .
P = Scos B+ vcos P

Therefore,
: d(B + CJ-
=S sinB=0D —ﬁat———vsin,ﬁ

dD
=Scos B=-—Jg~vcosB
a .
==qz lypa(B + C) ~ fv sin

d S
S, = =45 (Dt fvcos Bdt)

Accofding to these eguations, S, and S, can be calculated with the result
that target speed and course will be obtained continuously. A schematic
‘diagram of the system is shown in Figure 12.

TYPE 93 TARGET COURSE AND SPEED INSTRUMENT (SOKUTEKIBAN)

l. . General. The principle of this Type 93 target course and speed in-
strument is similar to that of the Type 3 described in the preceding sec-
tion. However, the mechanical.equations used are different.

Rate mechanisms play the most important part in the Type 3. By obtaining
the lateral and longitudinal speed components (S, and 52): target course
and speed are available continuously. %With the Type 93 it will be seen
that range change (AD) and bearing angle difference (¢) play the important
roles and, because of this, target course and speed are not avallable
continuously.
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2. Dats Chart.

Symbol

Item

Range of Values

S

Target speed

6 to

4O knots

B

Target course

360°

D

Range

5000

to 40,000 m

Own speed

0 to

40 knots

Inclinometer angle

0 to

60/1000

Target bearing

360°

Target length

30 to 330 m for a ship

90 to 1000 m for a line of ships

Own ship course

3600

Rangé at start of observation

5000

to 40,000 m

Time interval -

0 to

90 seconds

P

Bearing angle difference

0 to

33°

AD

Range difference

0 to

3600 m

S sinB
St
y sin 8

Lateral speed component

0 to

80 knots

8 cos B

+
v =¢os f

Longitudinal speed component

80 knots

30

Data to be set.

D, B, a, L, D*

v
c .

I, ¢, AD

From pit log

From master gyro compass

Come from rangefinder and director

Buzzer indicated - from control station

L. | Principle,

Metﬁod.A

Method B

When ¢ cannot be obtained, (1) and (3) are used and when « can be obtain-

(D + ADJ) sim g

Scos Btwvcos B=

ed, (2) and (3) are used.

AD + D' (1 ~ cos #)
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5. Crew Required. It requires five men to operate the Type 93 target
course and speed lnstrument (SOKUTEKIBAN),

6. Size and Weight.
1,18 by 0.58 by 0.8 meters
_ ‘ 840 kg.
TYPE 93 COMPUTER (SHAHOBAN)
1. Genéraln This unit was designed originally for use aboard cruisers.

However, 1t was also installed on some of the old battleshlps having tor-
pedo tubes and on the newest and largest destroyers.

The computer calculates theoretical gyro angle and also future range,
which latter may be used to check the accuracy of calculated data.

2. Data Chart.

Symbol ‘ ) Range of Values

D Range 10,000 to 40,000 m

Target bearing 360°

Targzet speed ' 0 to 50 knots

Target .course 360°

Target turning speed 10 to 50 knots

Target turning angle 0 to 90°

Target turning raduis 250 to 1000 m

Time straight run (before turning) 0 to 20 min

Time straight run (after turning) | © to 20 min

Training angle of tubes * (75° to 1059)

Launching correction 0 to 259

Torpedo speed h ; 38 to 60 knots

Torpedo range . 8,000 to 40,000 m

Correction angle " 0 to t10°

B Gyro sangle 0 to +900

4 Dispersion degree 0 to 60 to 169

Notes on data chart: For destroyer installation, the dials for p, 7, T!
and p are altered so that their ranges are: 4,000 to 16,000 meters for
D, 0 to 8 minutes for T, 0 to 12 minutes for T’ and 3000 to 16,000 meters
for R. ‘ :

N
The launching correction (A) is a correction spplied for the "tail flip®
of "the torpedo when launched and the resultant alteration'of launching
angle. This "tail flip"™ is due to the fact that the nose of the torpedc
strikes the water first and inertia {imparted to torpedc by ovn ship's

24
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P, 180°—(0+8+p-8)= &

Figure 13
TYPE 93 COMPUTER VECTOR DIAGRAM
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(Y/
\‘.,

speed) causes the weapon to be disturbed from the relatlve firing angle,
This correction is cbtained from charts devised for each particular sh-a
since it is dependent not only on the variables of own shin's spesea {v)
amd treining angle of tubes (), but also on the height of the tubes above
the water,

3. Prlnclgl . Nemenclature given in the data chart and the following
notes apply to Figure 13.

M Own ship at time of firing torpedﬁﬁ*
E GTafget ship af time .of firing toffedo
F Target ship begins toxturn

G End of target ship turn

¥4’ Own ship running direction

#¥" Direction of firiﬁg tubes

Vg Torpedo speed between # and # -

a Torpedo reach (distance before torpedo begins to change course )
e, Torpedo turning radius '

T . Time between £ and F

" Time betwe=n F and G

T' Time between G and #

T, Time between ¥ and ¥

R Torpedo range

Soiving for » 'and y indicated in the diagram we get:

g+ A
2

x=Dsin B-y+ rcosw=- ST sinw- (a+ g tan } sin (B~ B -%¥ -4

g+ 4O

y = Dcos B- VI -7 sin w=- ST' cos w= {a %, p, tan

W

") cos (B+ L~ Y -4

These equations may be solved mechanically with x and ¥ being indicated
on dials, Matching pointers manually, these values are applied to an are
tangent mechanism the output of which is indicated on another dial and

is ¢, sincer

bt

90=tan—1‘=5+8+5—7

=

This value of g as indicated on the dial 1s matched with a pointer, the
movement of whidh is controlled through a differential by the quantity
(B + g8 < % (from another section of the computer) plus a hand input of
gyro angle,

This & is transmitted automatically to the tubes after firs: being cor-
rected Tor dispersion. The dispersion factor 1s dependent upon the rum~
ber of torpedos to be fired and is represenited as:

6, - &
K= —~§*- *— where n is the number of torpsdos 3¢ be fired, and 7, and
8, egvuseut the maximum and minimum waluea of gyro angle indlcatsd on a
disl. Adjusting a pointer to the mid value o thes indicated £, and

&,

| 26
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e LM

C(ORTECTION ANGLE MAI AU
| (-2 (=4

FIRING LINE X' MATCHING

PROM .MASTER COMPASS

N MATCHING

O-32

NUMBER FIReD
HARDWHEEL

1 DISPEXSION

MECHANISM

TAROET TURNI NG

ANGLE W

{etRo ANGLE
STARPOARD  { RANGE
TARGET BEARING sy
i y e —
e ] |E————
PORT SAME AS moosmm = |
LEFT- RQIGUT
SWITCH @
4
. .S
TARGET SPEED
B B 8
TARGET COURSE
o N
..... i}

I TRANING AKGLE OF -
TLRES AAROW HeEL

LAUNCHING CORBECTION
HADWREEL

|

TSP e W

<

' 4000 -thees 000 -#00ed
N

. Figure ¥4
TYPE Y5 COWPUTER SCHEMATIC DIAGRAX
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1

the correction for dispersion is added to the calculated 4.

In addition to the foregoing, the following information is obtaiued;from
this computer: .

R=VZ vt =y ey vy - vn,

- 6 + 4
vr kla + p (6 +D)] = p, tan p 7
where = pp» V{?i and ;- 5 = assumed constant
: : [} 0

b

This data is used for checking the accuracy of the caleulations and to
assist . in determining the amount of correction angle (5). A schematic
diagram of the computer is shown in Figure 14.

be Size and Weightﬂ

Length 0028200200080 00°20800000006006006806008000c006c060000080s0 lol

8§ m
width S0 0 0O U DO LN NON OOV BNOPON0SLEGINDBIGOCELOIENESE R 0.58 m )
9 m

Height 9 0508 0600080000000 00090800803000800000000800e00s080000 007

'weight ...l...............l'.-.....'..."..lll..“"blﬂ.l'. 880 kg
= Personnel required: five men.

TYPE 1 COMPUTER (SHAHOBAN)

1. ,'Genéral. This computer represents the most advanced torpedo fire
control equipment of the Japanese Navy and is based on a combination of
modified older types (such as the Type O computer).

The Type 1 computer is composed of three parts which are as follows:

a, Target course and speed unit QSOKUTEKIQ.{ By setting raage,
target bearing, own speed, inclinometer angle, and target length;
target course and speed are dbtained.

~ b. Computer seetion. Inputs of tube training angle, torpedo speed,
launching correction, time interval, and own ships course are com-
bined with outputs of part (a) above to give gyro angle, torpedo
range and dispersion angle. ;

Ce Position indicator part. A continuous plot of target position
as' well as own ship position permits indirect firing.

2 Data Chart.

Symbol : Itenm E Range of Values Notes

b Range 5000 to 40,000 m! automatic

Renge diflerence ‘ 0 to 15,000 m Automatic

Tarzet cearing - 360° Automatic

Target bearing difference - 0 to 1 25° Automatic

Inclinometer angle 0 to 60/1000 - Automatic

Own course change 0 to +90° Automatic

Time interval 0 to 5 min Automatic




This dial is mafched
for ist calculation

r

Targat length

“inclinometer

Figure 15
TYPE 1 COMPUTER TARGET COURSE AND SPEED SECTTON




Data Chart Continued.

RESTRICTED

Symbol

Item

Range of Values

Notes

l

Target length

30 to 1000 m -

Menual

B

Target course (setting)

360°

Manusl

5

Target course (following)

3600

Automsatic

Target speed

0 to L0 knots

Automstic

Training engle of tubes

+ (75° to 1059)

Manual

Leaunching correction

0 to  25°

Manusl

Target turning angle

0 to +90°

Manual

Target'turning radius

250 to 1000 m

Manual

Target turning speed

10 to 50 knots

Manusl

Time straight run (before turn)

0 to 20 nmin

Manual

Time straight run (after turn)

0 to 30 min

Automatic

?orpedo speed

30 to 60 knots

Manual

Correction angle

to +15°

Manual

Gyro angle follow-up

to +90°

Automatic

Gyro angle limiting °

+ 90°

Manual

Gyro angle transmitted

to +90°

Calculated

Dispersion angle

0
0
0 to
0
0

to 6° to 16°

Calculated

Torpedo range

3000

to 46,500 m

Calculated

N

Number tubes fired

L to 9

Manual

v

Own speed

0 to 4O knots

Manual

3. Target Course and Speed (SOKUTEKI) Part.

This section was designed

along the ssme principles as the Type 93 target course and speed instru-

ment deseribed in Part II section C.

There are two applications.

The

first bagses its calculations on the angle of rotation (o) of the deflect-
ing prism of the inclinometer so that we can obtain the reletionship:

l'sin BQ

E= = _

250

sin” ' (sin o, t—

whioh are solved for target course (B).

(sin o, t+ sin o)
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S snB+ v sinB) ‘ t(ScosB + v cos@)

Sin follow-up - . 7 Cas folbwsup

) . Figure 1B
TYPE 1 CONPUTER TARGET COURSE AFD SPEED SECTION
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[ The second calculaﬁion is based on the following:

& D0 sin A8 = (S sin B + v sin B)t

= DocosABv—D=(ScosB+vcosB)t
These two equations are solved automatically for S and &
Figure -15 shows part of the target speed and course section illustrating - -

the first method of use and Figure 16 schematically indicates the mecha-
nisms for the second calculation.

An additionsl feature of this desigh is the ability to obtain the values
Oﬁj%é dt'an{j%é‘dt by the relationship:

[ dR _
‘ ﬁ-ScosB+vcos,B

%% %(SsinB-SsinB)

]

In case the target should disappear in a smoke screen or otherwise be
lost from view, the position just before disappearance is taken as stand=-
ard and the above values added appropriately to range and bearing from
time to time., Assuming that the target course remains constant, it will
be possible to calculate continuously range and bearing. .

Lo Computer Section. . Referring to the data chart and also Figure 17,
the following equations are derived: -

=

Sx = V(T 4T+ T"+T,) sin (B+B+6 =) =Dsinb-

+

A .
=2/ sin (Bg + 8-y~ &)

incin 2 ST si
2r sin T, sin , ST' sin w ~ (a + p, tan

y < WTH + T = T"~T,) cos (B+ B+6 -7y =D cos B~ ST-

w @ ens e Y
ar sin  cos ST cos w (a + p, tan 2 ] cos (B°+/6—7-A)

ViT+ T+ 7" =R _
T":—;%
g+ A
=a+pe(b‘+A)_potan 2 y

- ‘ ' b 7, v

(Vs = initial torpedo speed and « = torpedo reach).

These equations are solved automaticelly. The main ¢ontrol section of - Bk
the computer is identical to the Sperry type control (automatic gquadrant T
switch)., The diagram in Figure 18 shows a schematic outline of the ’
essential methanical computing mechanisms,



Figure 17
TYPE 1 COMPUTER, VECTOR DIAGRAN
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o+

? fon O+A g »
0+(’Jun-£— sn(BHg+Y-A)

Figure 18
TYPE 1 COMPUTER, SCHEMMTIC OF ESSENTIAL PARTS
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P. TYPE 14 DIRECTOR (HOIBAN)

Small torpedo boats made use of, this very simply constructed Type 1.4 director.
In substance it is nothing more than an alidade. The line of sight (deter-
mined by two upright wires) 1s adjusted for correction angle and firing angle
so that aiming line is obtained. The boat is maneuvered ‘until the target is
in thes line of sight and the torpedo is then launched.

Part III
COMMUNICATIONS AND TORPEDO FIRING PANELS

The only aveilable information on thls subject is shown in the following
diagrams: , -

Figure 19 éhows'a typical torpedo fire control installation with Type 1
computer (SHAHOBAN) aboard a cruiser and is self-explenatory.

Figure 20 is:a sketch of the connection between a Type 97 dlrector (HOIBAN)
and the torpedo tubes on board a destroyer. The time separator has four set-
tings giving a radge of from 3 to76 Seconds and is a clock escapement control-
led switch. - ’

Figure 21 is a diagrem of an instalyation.psing a Type 93 target course and
speed instrument (SOKUTEKIBAN), Type 93 computer (SHAHOBAN), Type 97 director
(HOIBAN) end an inclinometer station.

\
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|
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| CONTROL STATION
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DESTROYER TORPEDO FIRE CONTROL SYSTEY
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Inclinomater
Station

. Figure 21
TYPICAL TORPEDO FIRE CONTROL SYSTEM




ENCLOSURE (A)

LIST OF DCCUMENTS FCRWARDED TO THE WASHINGTON DOCUMENT CENTER

NavTechJap Noi ATIS No. ‘ Description

ND50-3029 4,603 Report of Conference on Torpedo Fire Control Systems
: : on Submarines.

ENCLOSURE (B)

LIST OF JAPANESE EQUIPMENT SHIPFED TO THE
 ORDNANCE INVESTIGATION LABORATORY, INDIAN HEAD, MD.

NavTechJagéNo. : - Item

~ JE-50-3001-1 . Type 92, Mod 2 Submarine Torpedo Director
JE-50=3001-2  Type 92, Mod 2 Submarine Torpedo Director
JE=50-3002 . = Type 5, Mod "3 Submarigg Torpedo:-Director
JE-50-3003 ! Type 5, Mod 3 Submarine Torpedo Director
JB-21-3400 Type 92, Mod 2 Director, Right
JE=21=-3401 | Type 92, Mod 2 Director, Left

JE-23-0001 Model 92 Modification 1, Locating Panel for Torpedo Fire
: Control .
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