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From:
To :

Subject:

. Reference:

1o

U. S. NAVAL TECHNICAL MISSION TO JAPAN
CARE OF FLEET POST OFFICE
SAN FRANCISCO, CALIFORNIA

21 December 1945

Chief, Naval Technical Mission to Jepan.
Chief of Naval Operations,

Target Report = Characteristics of Japanese Naval
Vessels, Article 4.

(a)"Intelligence Targets Japan" (DNI) of 4 Sept. 1945.

Subject report, covering the machinery design of Japa=-

nese surface warships as exemplified by plans and documents, as
outlined by Targets S=01 and S-05 of Fascicle S-1 of reference
(a), is submitted herewith.

2.

The investigation of the target and the target report

were accomplished by Capt. F.W. Slaven, USN, assisted by Lt.(jg)
T.S. Montgomery, USNR, as interpreter and translator,

C. G. GRIMES
Captain, USN
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CHARACTERISTICS OF JAPANESE NAVAL VESSELS
ARTICLE 4
SURFACE WARSHIP MACHINERY DESIGN
(PLANS AND DOCUMENTS)

. “INTELLIGENCE TARGETS JAPAN" (DNi) OF 4 SEPT. 1945
FASCICLE S-1, TARGETS 5-01 AND $-05

DECEMBER 1945

U.S. NAVAL TECHNICAL MISSION TO JAPAN
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"SUMMARY

SHIP AND RELATED TARGETS

CHARACTERISTICS OF JAPANESE NAVAL VESSELS - ARTICLE L
SURFACE WARSHIP MACIHINERY DESIGN (PLANS AND DOCUMENTS)

Piping systems and the location of the machinery were the most in-
teresting features of Japanese warship design. Documents concerning typical
ships of each warship type were studied and generally indicated the following:

BB YAMATO: The firerooms were an outgrowth of NACHI class (Ci)e. Tha main
auxlliary steam and feed systems were, however, different.

CA MOGAMI: It is probable that the piping system of this class and that
0 e UNRYU class {CV) were much the same.

ATAGO class (CA): Ships of this class were much like that of NACHI class.

s class moreover, indicates the gradual change that took place
in Japanese cruiser machinery design.

CL 0YODO: This ship, the latest Japanese CL, followed the general arrange-
ment of six-boiler cruiser. Its main plant arrangement was very
similar to AGANO class. It should be noted that OYODO had center
line bulkheads in the forward boiler rooms and after enginerooms.

AGANO class (CL): The arrangements and sydtem of this class were generally
Typlcal of other contemporary Japanese vessels. It differed but
slightly from OYODO. .

" DD TERUTSUKI: She was typical of the latest DD design.

0: e machinery arrangements were very similaer to TERUTSUKI

— ¢lass.

DD SHIMAKAZE: The machinery arrangements were much like that of TERUTSUKI
class. It was an experimental type as far as the engineering plent
was concerned. .

MATSU class (DE): This class was the first and only class of warships to
nave a machinery arrangement of fireroom - engineroom - firerocom -
engineroom. There was no cross connection between the high pressure
‘sides of the main feed systems of the two boiler rooms, or the high
pressure sides of the fuel oll systems so characteristic of other
Japanese vesasels. The float control tank on the condensate systems
was also different. Cruising turbines and connected lines were re-
moved after they were found to be impractical.,

UNRYU class (CV): The main machinery plant was Somewhat similar to 0YODO,

: oI greater horsepower. The extensive firemain system in the
machinery spaces was peculiar to carriers and more like the system
of U, S. naval vessels insofar as the piping layout was concerned.

NTJ L *S~01-4
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RELERERI

The following report is based almost entirely on seized documents,
which have been forwarded under separate cover to the Chief of the Bureau of
Ships (See Enclosure A). It is believed that the piping diagrams, which in
most cases are divided into two volumes, one for enginerooms and one for
firerooms, will give & clear picture of the engineering layout. FPipe sizes
shown on these diagrammatic sketches are in millimeters. Not all of-the
Japanese characters have been translated, because too much of the print-would
have been cbliterated. However, it is considered that sufficient transletion
has been made for an understanding of the print.

A translation of the Machinery design specifications for at least
one representative ship of each type (BB, CA, CL, DD, and DE) has been in-
. ecluded in the text. These specifications, though brief, correspond most
e closely to U. S, Navy Specificetions for Machinery.

In the case of a few ships, certain lists of machinery installed,
with its characteristics, have been extracted from reports of machinery trials.
Where availeble, summaries of these trials have been extracted.

In the case of at least one ship of each type, the column headings
of the tabulated trial results have been translated for one run so that the
data for that run may be studied if desired. Because of the shortage of
translators, ‘it was not considered justifiable at the time this report was
prepared to translate all of the machinery trials. However, such records as
were found have been forwarded to make them available for translation at a
later date, if further detailed study of the plans is desired.

Attention is invited to the fact that all units in this report are
metric, All temperatures are centigrade., The following conversion factors
will be found convenlent in reading the report. Some of these factors have
been obtained directly from a handbook, while others were computed and are
correct only within slide rule accuracy.

Pressure, 1 Kg/SG. CM eeeesoscesnssssoce 14223 1b/sq. in (roughly 15)
Length’ l m S0 PP BCO OS8O N PSR OSEPSEIEOREBIOIERPRTRSES .03937 in (roughly .OL 1n)
V&cuum, 760mm 0000 000000000000 00000000060008000060005 a3 30"hgr0ughly
1 Sq. meter ® 0 00 800008000 PPICPBLEOOPSIOBIODIOCOG0OGSGSEOTOSOIOIRES 10.76b sq. ft
l cu- meter LA R AL AL L AL L 2L B L 2L N R K IR AU BE BU B AR BN BN B BN IR BN BY BN B B NN BE BE N BN N BN W Ry 35.3 Cu. ft
l Cu. meter/hr '..........o..'..‘.0...........0...."'.'.'. h.h gal/min

All of the documents are listed in Enclosure (A), but for the
reader’s convenience they will be referred to in the text by their NavTechJap
Document Numbers and not by the conventional method, i. e. ref, (a), ref. (b),
ete,



THE REPORT

Part I - YAMATO (BB)

YAMATO was the latest BB and therefore typical of the latest BB de~
sign. The main machinery, however, except for the boilers, appears
to have been an outgrowth of NACHI class (CA) machinery plant. The
firerooms were arranged and operated somewhat like two six-boiler
cruisers side by side, with respect to cross comnnections of fuel,
etc, The main and auxiliary steam and feed systems differed in that
each group of three bollers in a fore and aft row constituted a unit
with the engineroom direectly aft,

The following translation of NavTechJap Document No. ND50-1026, ™Ma-
chinery Design Requirements, YAMATO Class Battleship™, has purposely
not been edited to avoid the introduction of errors. All units are
metric.

* Xk Xk * %

SPECIFICATIONS OF ENGINES FOR SHIP MODEL NO. 1 (BB YAMATO)
NAVY TECHNICAL DEPT., 1937 :

.General arrangement of engines - see plans
Main engines
(a) General equipment

v(i) The main enéines consist of high pressure turbines and low
pressure turbines connected by reduction gear equipment to a single
shaft. Each of the four independent enginerooms has one sharft.

.f.(2) -An astern turbine is housed im each of the low pressure turbine
" casings. ‘

L (3) Cruising turbines are connected with each shaft's inboard high
© - -pressure turbine by means of ecruising reduction gear equipment. The
exhaust is copnected to the first stage of the same high pressure

- turbine.

- (b) Specified power of mein engines

'(ljj»Resqrdihg:the,speciried amount of the total power of the mein
engines in forward motion, the propeller makes.225 RPM, and under

"‘f va-norma1 conditions, one shaft develops 37,500 hp and all four shefts

- -develop 150,000 hp. The main:qngina,mnst be able to bsar an over~

. 42) ‘Total specified power astern with the propeller making 150 RPH
. .amounts t0 11,000 hp for one shaft and 44,000 for all four shafts.

“‘ '.’(3)'”The specified power of the cruising turbine and the speciried

_ .- revolutions of the main shaft are as follows: _ .

‘ ": cm31n8po'3r ooc-ooocdoooooocO‘Oooj_;cooao.oceo.oo 22,000 hp, 116 RPX

. Total in ex0e88 Of Cruising POWEr cccescecccescces 30,000 hp, 130 RPM
Maximum permitted oruising POWST .ccecsecececcces 42,000 hp, 146 RPM

7
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(c) Amount of steam consumed by hain engines

Steam chest | Temperature ; Vacuum Steam Consumption
pressure oc mm kg/shp/ar

kg/sq. cm

Specifiéd ‘ ‘
power ‘ 21 310 700 L.l or less

{Cruising
power 21 310 ) 725 5.0 or less

(d) Condenser equipment - The condensers are single-pass mounted under
each low pressure turbine. The following auxiliary machinery is instell-
ed: Eight main condensate pumps - axial flow type connected to turbine
speed reduction gear, sixteen main water intake pumps = centrifugel type
connected to turbine speed reduction gear, eight air ejectors - two-step,
triplex steam ejector type.

Shafts and propellers

(a) The shafting consists of thrust shaft, iptermediate shafts, stera
tube shaft and propeller shafts. The outboard shafts have three inter-
mediate shafts and the inner shafts have five each. Aside from the
thrust bearing, all bearings are self-lubricated.

(b) The propellefAis made of manganese bronze and hag a diameter of 5000
mm. . .

Bolilers

(a) The boilers are Mark RO, Bureau Type, heavy oil burning boilers
with superheaters and air preheaters. There are 12 in number, one boliler
in each boller room.

(b)  The boiler rooms are open firerooms.
(c); The main specified characteristics of the boilers are as follows:

Specified pressure, gsteam QI ccesseescessecosccossenc 27 kg/sq. cm
. : - g Suparheater outlet cececccvsvoceece 25 Kg/S(h cm
Steam temperatiure sccsceee 3259¢ (combustion rate L.4h kg/sq. meters)
Specified rate of combustion cececcececcscscscocceco 5.6 kg/sq. meters
. Heating SurfACe sececesnscesccessecceccsssnssns ahout 1060 8Q. meters

The boiler must be capable of being used safely at the rate of com-
bustion of 8.0 kg/sa. meter.

(d) oil ihjeétion equipment {(for one boiler):

Cones coaooocoooio-oooooo.aoono Bureau Type 15, Model H 9 per boiler
AtOmAiZOTS cecscescecccscaascace Bureau Type 16’ Model H 7 per boiler
Bureau Type 16, Model 5; 2 per boiler

Uptakes éﬁd stacks

There is a single stack-and 3t must be constructed so as to have sufficient
strength to resist bomd ettacks and ‘the effects of bomb blast. ‘

A drain elimination system is providedfin the uptekes and stacks and a tixed
rain cover is provided only where the rain cannot be taken care of by the
drain eliminations. . : ‘

6.

Pipes, valves, and various equipment

, 8




DETERSSIFIED

(a) Large type pipe-guards *

(b) Pipes are Grade A in 6hickﬁess, but where pressures of 30 to 40 met-
ric tong are usual, special provision will be made.
(c)->Reghfdihglvarious:otﬁer equipment, it is planned to make four in-
dependent battle compartments by arranging three boilers to one shaft.

Auxiliery maciines

o {a) Anxiliary:machineryf1n5the-engineroom:

Name .. Type

Lube o0il pumps Screw type turbo-red. gear
0il cocler pump Axial flow turbo-red. gear
- F&B pump - -+~ Eleet. centrifugal
~-Supply vent ©. Elect. axial flow
Exhaust vent © Axial flow turbo-red. gear
Exhaust vent Elect. axial flow
Supply vent Axial flow turbo-red. gear
0il purifier . Blect. centrifugal
Feed heater Vertical surfece type
Evaporators ‘Spiral coil type
Evaporator pumps Combination turbo-drive
Auxliliary evaps
0il cooler Vertical; internal, water;
: , external, oil
Fuel o0il transfer
pump Electrically operated gear type

Auxiliary machinery in the boiler rooms
Name - Iype

Main feed pumps . Centrifugal turbo-red. gear

Aux. feed pump . Weir reciprocating

Blowers Axjal flow, vertical, turbo-

: red. gear

FC service pump Screw type, vertical, turbo-
red., gear

Lube o0il and lube Combination pump,

0il cooler pump turbo-drive

F&B pump Elect. centrifugal

Ignition fuel

oil pump Elect. gear type

Feed heater Vertical, surface type

. Fuel o0il heater Vertical, bent tube type

0il cooler Vertical; internal, water;

external, oil

Auxiliary machinery outside of the eugine room:

(1) Steering engine and equipment for same: each main rudder is
equipped with an independent auxiliary rudder. The maximum asmount
of torque from flow of water which the rudder surface can stand in
one complete turn from full rudder one way to full rudder the other
way in 30 seconds 1s as follows:

Forward motion, main .ccecevecssncscscssecncesscccess 346 meter-tons
Astern, m&in 9000 0P O OCCOBOPOICOTOOEROCOOCOOROCNOODEEOSES 235 meter-tons
auxiliary 00 08 WPV CROEP0OCESPBBEEBNISCGCGCEAIVDOSNSS 68.7 meter-tons
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Further, the steering engines, both main and auxiliery, are electri-
cally operated, hydraulic plunger type and besides, they are equip-
ped with hand-operated oil pumps.

(2) Anchor windlass and equipment for same: the anchor windlass is
an electrically operated type and has the power to raise a gross
weight of 94 metric tons at a speed of nine meters per minute.

(3). Repair equipment: the repair equipment is standard.

‘(4) Fuel oil transfer pumps: the transfer of fuel oil outside of
the machinery spaces is done by the following electric gear pumps:

20 pumps for emergency correction of 1list or trim
L, pumps for general use

(5) Hydraulic pumps: the turbines are directly connected toc cen-
trifugal pumps. There are a total of four pumps, three main and one
reserve. The turbine has independent water condensing equipment.
The capacity of each pump 1s as follows:

Specified capacity - 800 cu. m/hr with a pressure of
70kg/sq. cm

Overload capacity - 1100 cu. m/hr with a pressure of
60kg/sq. cm

Note: With regard to the reserve pump, depending on the circum-
stances, the intention is to use two pumps with a cepacity of LOO
cu meters/hr,

8. . Gross welght of engines, official test codditions, metric tons:

Main engines 1028
Shafting and propellers 589
Auxiliary englnes 4,80
Boilers 918
Uptakes and stacks 320
Piping, valves, cocks 640
Miscellaneous 388
Water 1,50
Hydreulic engines 230

Total 5043
9. Official test run

The official test run was carried out in accordance with the revised rules
prescribed for ship construction and its details will be gliven separately.

x X x kK *
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The folleowing are tables of machinery installed in the vessel as
translated from the Machinery Trial Report (NavTechJap Document No,

ND50-1046

).

being referred to as a vortex pump, etc.

- AUXILIARY ENGINES - YAMATO (BB)

The translation is rather literal, a centrifugal pump

Rems

Type

Power Unit
Type, #

Power
agtput
/by,

Cylinder

Turbine
Diaméters {um)

8troke
{m=) or
Stages

Pumps &
Yan
Dieneters {mm)

Kunbor .
of

Plcces

|pistiller Room

Aux. Kir Ejector

2 Stege Double Stean |
Injoction i

| 45 tons/hr

Drain Cooler

20

Cooling Area 33.4

8g. m

Tain Cooler for

?

Cooling Area 20.35

ag. &

L_Pietiller
Puel 041 Suction
Pum|

Side Gear Type

: Direct
Electricity

10

!Diam x Width
65x 3512

Fire Biige | Fire
Pum Bilge
1 Feed Water

Uz, Yeed Wator

Longitudinal Vortex
| Typs

 Direct
i Blectricity

20

320

60

320

Lateral Vortex Type

" Reduotlon Gear
i Turbine

100

1

280

#D7T Walr® Direct
Drive Type

; Piston Bogine

90

I 550

| 300

Water Heater

Heated Fluid 80

011 Atomizer

?
Longitudinal Sfnarew
Type

: Rednction Gear
bine

12

1

Fou %% 53, @
¥aln Drive Shaft :

i Dism. (52) z
| Length (310)

Tuel 011 Heater

Longitudinal Bent
i: Tube Type

Heated Fluid 8

Heating Area 4.04

8q.

Fuel 0i1l Ignition

&ide Gear Type

Direct
Rleciricity

0.5

{am. x Width
32 x 14

Blower

Tiverted Axial Flow
Type

Reduction Gear
Turbine

22 md/sec

1

895

Side Gear Type

Wator

{{Lube 041 |
& Coolins| Lube 01
Water Cooling
Purp

Lateral Vortex
Type

Reduotion Gear
Turbine

15

36

Diam x Width
45 x 55 x 2

110

011 Coaler

Te an TO
Bilge Pump [Bilge

Longitudinal Inside
Water Outeldo Oil
o

ngit nal Vortex
Type

Cooled Fluid 13

8q. m

Birest

30

130

60

320

Control Room
Blower

“Sohloock"™ ['ype

Blectricity
Tact
Electricity

0.5 m’/ﬁeu

213

| [Forward Anohor
ine i

Goar Type :

Direct
Elestricisvy

¥ain Anchor Wt.
12.5 tons

Teat Load (%
'eat Loa (o;xg'fﬁ gegt

Speed (m/min)

Striker

Main ? Head |

[Rapson Slide Type

Hydro Bleetric
Jtriker Head

Elos. 011
Press.Punp

Steering

#Junne® - K12

Typn

7
Rudder Torsion Lift Rate
Full Advance Power 358.1 Beter-
Mull Backing Powar 235.8

1400.7

450

tons
moter-
tons

47.232

54

Striker

Second- |7 Head

Connecting Rod Type

Elec. 011
Press.Pum

ary
Stesring

*Junne" -~ K12

dydre Rleotric
Strike Head

ua
Press.Pump

2 Pump.Type

Type

Rudder Torsion Lift Ratio ¢

860.4

375

Full Advance Powsr 123.2 moter-

54.35

42

tops
Full Backing Power 69.3 meter-
tons

130

Bo

Fuel 0il Transfer
Pump

8ide Gear Type

Direct
Blectriolty

100

Dism x Width
90 x70x4

Machine , Feod Alr
Shop

Lateral Axial Flow

DIFedst
Hleoctrioity

2 n’/sec

395

{Blower | Bxbaust

Lateral Axial Flow

Direot
Bleotrioity

3 &3/800

494

Furnace Blower

Side Rootas Typs

Direct
Electricity

3 27/min

Rotor Dianm,
X Width
200 x 130
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AUXILIARY ENGINES - YAMATO (BB) (Cont'd)

. Maln Engineroom

Model

Power
Unit
Type
and No.

Power
Dutput
u3/hr.

Cylinder
or
Turbine
Diamster
(mm)

Stroke
(mm)

or
Stages

Pump
and
Impeller
Diameters
mm

Ro. ot
Pieces

of
Bguipment

A{r Injector

2-8Stage Triple,
Steam Injection

135 tons
br

ﬂnin_Condeneate Pump

Longitudinal Vortex
Type

Turbine With
Red, Gear .

80

Main Water
Pump

Circulating

Lateral Axial
Flow Type

Turbine With
Double Red-
uction Gear

6,000

270

Lube O0il Pump

Longitudinal
Gear Type

Turbine With
Reduction
Gear

100

180

Cooling Water Pump

Longitudinal
Axial Flow

Same as

above

400

180 170

011 Cooler

- Longitudinal

Inside Air Outslde

" -0i1 Type

Amount of

Cooled

Fluid 100

Cooling Area 59.6 ag. maters

011 Purifier

Hitechi #350

Direct
Blectrieclty

1300 1trs
B S

Feed Alr

Lateral Axial
Flow Type

Direct Elect.
Turbine With .
Red. Gear

13 md/secr

895

180 895

Exhaust Alr

I
Same ‘as above

Direct Elect.
Turbine With
Red. Gear

16 m’/sesf

945

180 1 945

Peed Water

Heater

?

Amount
Heated
260

Heating Area 43.8 ag. metera

Blower (fee

Control Room Air

d)

Shlock Type

Difsct
Electricity

0.5 ¥

aec

213

Fire and
Bilge Pump

Pire

Bilge .

Longitudinal
VYortex Type

Sems

50

100

| 380
380

Intermediat
Cooling Wat

e Bearing
er Pump

Same as above

Same

0

135

Evaporator

Bu Ships Type

144 tons
Daily

Heating Area 49.77 8q. m

Distill

exr

?

288 tons
Daily

Cooling Area 66.48 sq. m

Alr Bje

Distiller

ctor

1 3tage Single sceamA

Injection Type

20 tons
he

Feed Water Heater

Distiller

?

Amount
Heated
20

ea 3.68 8q. m

Water
Circulating

Lateral Vortex
Type

Auxilliary
- Pumps

Brine

Samp as’ above

1t

Fresh Water

Same as above

Turbine
With
Reduoction
Gear

230

40

205

20

230

Distilling Plant Room

Foed Al

T

Lateral Axial Flow

Direct Eleot.

11 m®/seo

794

‘Exhaust

Same as above

Same as above

13 ml/sec

895

At Anchor Water Pump

Lateral Vortex Type

Direot Elect.
With
Accelerators

20

166

Auxiliary C

ondenser

?

Cooling Area 97.31 sq. m

Auxiliary
Vatexr

an
Condeneate
Pump

ci:oulating

Condensate

Lateral Vortex Type

Direct
Rlectricity

330

Circulating

Same as .above

Same

215
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The following table of trial results has been translated from the
Machinery Trial Ruport (NavTechJap Document No. ND50-1046).

TRIAL RESULTS - YAMATO (BB)

Trial Tests

Full Overload
Power

Offically Tested
Pull Power

Greatest
Curising Speed

Cruising
Full Power

Standard
Speed

Officially Tested
[Pull Power (ena)

Dates & Places of Tests’

22 June 1942
Sada Hisaki Pylon

25 June 1942
Sade Miasski Pylon

24 June 1942
Sade Misairi Pylon

Specifica-~
tions

Leaving
Harbor

Entering
Port

lLeaving Port

BEntoering Port

Lesving| Batering
Port Port

10.31

10.24

10.29

10.25

10.41 10.36

Aft

10.76

10.72

10.72

10.69

10.78 10.72

Average

10.54

10.48

10.51

10.47

10.60 10.54

Anidships| m

10.63

10.55

10.58

10.56

10.67 10.61

When Entering &
leaving Port

Metric
toas

splacement 69,935

70,602

70,132

70,379

70,174

70,811 | 70,467

Forward m

10.26

10.28

10.28

10.28

10.38

ALt ‘m

10.74

10.75

10.71

10.72

10.76

Average o

10.50

10.52

10.50

10.50

10.57

|Bzeplaoement Metric

tons

69,935

70,358

76,433

70,302

70,342

70,638

At Time of
Trial Run

7/
De-
greesg

Water
Temperature

18

18

18

1%

22

Max. area cut
across below
water line’

e

403.0

of leaving dry-
dock & extent of
Ifouling on bottom i

rost recent date

1942, None

16 July 1942, Fope

H

[Pull load of fuel Metrio!
H tong :

5,264.86

iSpeed Knots | 27.0
f

28.05

27.61

21.69

19.36 16.16

27.62

isnstc H.P, 150,000

147,310

154,470

30,341

17,527 |

153,930

!Nb. of Revolu- !
itions of sorew
ishaft

Per
‘Minute| 2290

230.0

224.9

44,560 :

156.4

139.1° ! 1159

224.3

Main
Ba-

‘Wt. of
‘8team con-
‘gumed per

kg

Not Calculated

‘ﬁ:nes {
in &7
Aux.En+

gines !
Total

ihr. per.
ishart H.P. g

Not Calculated

\it. of Fusl con-
sumed per. hr.
per. shaft H.P.

kg

0.432 :

Fuel oonsumgd per.
hr, per. om heat4
|ing suprface

kg

3.09

Amt. of water
per 1,000 H.P,
aach 24 hra.

Metric
tons

| Bach
{metric
ton of
fuel

Nauti-
cal
.Miles
]

Crulsing

0.506

Full Nauti-
amt. of |eal
uel miles

Distance

2.530 (7
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Part II - MOGAMI (ca)

Unfortunately, no machinery booklets for this class were located. It
was verbally reported that piping arraengements were the same as UNRYU
class (CV). However, an examination of NavTechJap Document No. ND5C-
1016 indicates that this could not be exactly true because of the ar-
rangement of the main engines which is peculiar to this class. It is
noted from the above document that the outboard engines were in the
after enginerooms and the inboard engines in the forward enginerooms.

Aside from this rather unusual feature, it is very probable that the
piping system of this class and 'UNRYU class carriers was much the
same-. L

‘It was also reported, that TONE class had the same machinery plant as
MOGAMT class., The first two ships of MOGAMI class were built with 10
boilers, which were cut to eight by improvements in boiler design.

A transiation of the "Machinery Design Requirements®, (NavTechJap
Document No. .ND50-1032) for SUZUYA and KUMANO (CA) follows. This is
the only publication which approaches the U.S. Navy Speclal Speci-

" fication for Machinery. The translatlion has been kept as literal as
possible.

= ’ ‘ . E T T . T

o PLANS AND SPECIFIGATIONS
NAYY TECHNICAL DEPARTMENT: TOP SECRET NO. 8-1

Approved 16;July,1935, Navy Technical Department, Top Secret No. 210

' SUZUYA and KUMANO (CA)
Engine Plens and Specifications

o , ‘ * CAUTION
i; This document must be handled with the utmost secrecy.

ii. This document must not be copled, summarized, or handed over to other
persons, It must not be given over for inspection to those not concerned in

. _the project.

111, This document mnst be returned to the Navy Technical Dept. when it is no
longer being used.
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14, Blower system

15, Steering system

16. Anchor windlass

17. Shop machinpery

18. Overall weight of engines

General hull specifications

Under triel conditions the specifications are:

Length along water line 198.2 meters

. Beam _ 18.0 meters
Drart 5.96 meters
Displacement 12,450 metric toas

Acceptance run

(a) The acceptance run shall be in accordance with Plan B as stipulated
in Ship'=s Servicing Regulations No. 97 of 1l August 1531. Details will
be prescribed by the Chief of the Navy Technical Department. ]

(b) Provision shall be made for the use of closed steam exhaust to heat
the water supply during the various types of runs. When there 1s an ex-
cess of exhaust, it shall be used for the main turbines, in which case
the exhaust still not useable shall be led off to the condensers,

(¢) ‘Water to be used for meking steam for the acceptance run shall be
distilled and its salt content shall be less than three parts per mil-

lion.
(4) Water for the final test shall be supplied by the evaporators. 04l

‘ used for forced lubrication for this run shall be replaced by new oil if

it is not purified completely.
Main engines
(q) General'arrangement

The main engines shall consist of & four shaft system comprising high,
intermedate and low pressure turbines, together with a speed reduction
gear system. One set shall be installed in each of the four enginerooms.
The astern turbines shall be enclosed within the low pressure turbine
casings. The inner shaft main engines shall be installed in the after
enginerooms. Two cruising turbines shall also be installed in the for-
ward enginerooms. Each of these shall be coupled individually to the
inner shaft intermediate pressure turbine shaft by means of the cruising
reduction gear. Sl

(b) Rated power and RPM

‘The rated power of the main engines durlng forward motionféﬁéilitotal
152,000 hp (metric units) or 38,000 hp for each shaft with-yropellers
turning at 340 RPM and normal exhaust. TS S

The rated power of the astern turbines with propellers turﬁing at 220
RPM shall total 40,000 hp (metric units) or 10,000 hp for each shaft.

The rated power of the cruising turbines with propeller turning st 140
RPM shall total 7500 hp (metric units) or 3750 hp for each shaft. How-
ever, these turbines shall be capable, under overlcad power, with the
propeller rate at 165 RPM, of total power of 11,500 hp (metric units) or
5750 hp for each shaft, and they shall be capable of being further step-
ped up to & top 1imit |DODANRAKU), with & propeller rate of 200 RP¥ and

15
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= (e)

ment
ter

With full power while backing,
respectively to 17 kg per sq,cm

while the vacuum tube in the top part of the cond
545 mm or above.

a total of 20,000 hp or 10,000 per shaft.

Steam pressure and comsumption .

RESTRICTED

The steam used by the main engines when they are functioning under rated
full power or oruising full power shall have & pressure of 17 kg per sq,
cm (gage) and a temperature of 2850C in each steam compartment, whila the
vacuum on top of the condensers shall register 700 mm, T

the pressure and temperature shall amount
(gage) and 285°C in each steam compart-
enser shall regis-

The steam consumption for the main turbines and cruising turbines shall
not exceed the following:

with double row

wheels with

bucket wheel

with three rows

T
SPECTIFICATIONS FOR TURBINES - MOGAMI {ca)
o -

High Pressure Intermediate Low Pressure I :

Turbine Pressure Turbine.| Turbine Astern Turbine Cruising Turbine
Type Impulse type Same as at left | Same as at left Same as at left Sams as at left

- -Model

; Navy Tech (single flow) (compound flow) (aingle flow) (singls flow)

Dept

(single flow)
RPN 2,613 2,613 2,291 1,481 (RPM 4,795 (full

of screw 220) cruising power)

No. of Stages 4 4 4 1 8

(1 - bucket wheel | (4 - bucket (1 - two stage (?) ] (1 - bucket wheel | (1 - bucket whesl

with two rows of

vearings (TN: a ‘
pair)n.?nul_ilﬂ“r!)

of buckets) single row of with singleo row of buckets) blades)
(3 - bucket wheels | bucketa) of buckets) (1 - 7 stage (?)
with single row (2 - bucket drumwheel (?) with
of buckets) whaels with aingle row of
single row of blades)
o buckets)

Pitoh ci;;un- .

feronce ameter - 10w

{Fushienke1) 1,050 1,300-1,220 1,470 1,480 1,300 640-404

(millimetors)

Distance bstwasn
1,440 1,440 2,885 1,010

Matorial used
for the Elades

Non-rusting steel
(0TSU)

Same as at left

Same as at left

Same as at left

Same as at left

16
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SPECIFICATIONS FOR REDUCTION GEAR EQUIPMENT - MOGAMI (CA)

‘Matn Reduetion Gear Cruising Reduction Gear

, ‘ Intermediate N .
Main Gear High Preasure Presaure 't Low Presiary ‘Wain Gear
Wheel Pinion Pinton 4] Pinlon - 7. Wheel

340 2,613 | #eas oLk 2,81 1,076

‘wgg:gpowe’r. 38,000 12,410 12,30 . 7f 13,860 2,710

Pitoh Circum-
ference Dia- ' -
?;;Ifrﬂgfngeef-h 93.8381 12.2118 12,2118 13.9257 25.7349
- Setsuenkel) i

{inches)

" {'Wo. of Peesii 438 18 e, ) 8 156 3
| overall Length ' ' '
of Teeth 1,280
{millimeters)
Helical Angle 29° 581 spe . Lo 300 or 21.8®

- g&:um = . 1. 7,68 .. : 6.1 457

€20

'.(d) ‘Turning gear of the main engines

For the pur%ose of turning the main engines en electric and a hand turn-
ing unit shall be installed at one end of the pimion shaft of the high
pressure turbines. The electric motors shall be rated at 7 1/2 hp.

Condensers
{(a) ‘Main coandensers

The condensers shall be of the single flow "UNIFLUX" type, all four of
which shall be installed alongside the low pressure turbines. The spec-
ifications for a single unit are as follows:

COOling Surface 99 08 3000000008000 0800630060008e¢0086080606600 1,275a91 Sg, m
Length of tube sheet AiStancCe ..secceces-csevcccescnscecnce b,hli7 Mn
Overall length Of tubesS .ecccevevcessccsserscscccsccesncses l&,500m
Outer diametar of tubes @O0 OO0 0020 0B O00 S S0 CPENSEESSeTSROOOSON l6m
Noo of tubes ........o.'...‘..........'..o..‘.'..‘..‘.....'....‘ 5.708

{b) Main condensate pumps

There shall be eight pumps in all, two being instelled for every conden-
ser. They shall be of the "TURBO" fan type with vertical reduction gear.
The specifications for the pumps are as follows:

Capacity 0 00 0P OO0 O OO O G0 OTO 000930 OO0 T OO TSO0NEOSONEES 130 cu. m/hr
Toilbal head/’ Of WABLETr s4c0c0cccccceccsccsscsessecscosnsscoscccssnse S0 I

i

i7
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‘(¢) 'Steam ejectors

There shall be elght of these in all, two being installed for each con-
denser. The following are the specifications for the ejectors, which
shall be the two-stage, three-nozzle model, steam Jet (TN: JOXIFUNSHA)
type, utilizing the condensed water to cool the units.

" Yacuum - 710 mm, cepacity of ejectors - 135 ke/hr.

(a) Circulating pumps

Propeller>type pumps shall be installed, one for each main condenser, &
total of four in all. .. They shall be turbo-driven through a double reduc-
tign gear. Capacity-11,000 cu meters per hour against a head of seven

' meters.

Shaft connections and propellers
(a) Shafting

Outer (and inner) Diameter of
Shafts( , ) (mm) | Length of Shaft (om)

‘Outboard Shaft | Inboard Shaft | Outboard Shaft | Inboard Shaft

Thrust Shaft | 460 (350) 460 (350) 5885 5095
1st Intermediéte
Shaft 460 (350) 460 (350) 5800 6600

- l2nd Intermediate | :

Shaft 4,60 (350) 7200
3rd Intermediate
Shaft 460 (350) ) , 7500

4th Intermediate .
Shaft _ e 460 (350) , , 7400

5th Intermediate | =~
Shaf¢ ‘ 460 (350} 7300

Stern Shaft | 472 (360) 472 (360) 10,600 10,900

Propeller Shaft | 480 (360) 480 (360) 14,200 (to 14,200 (to
, center of center of
propeller) propeller)

The claw brake which is installed at the junction of the intermediate
sheft and the stern tube shaft must be able to hold the shaft at three
querters the specified full power torque.

(b) Propeller thrust bsarings are of the Mitchel type and the thrust
shall not exceed 20 kg per sg.om on the white alloy pad.

(e) Propellers shall be made of manganese bronze, The main essentials
are as follows: A

D&metef vﬂ.Cl,.vﬁ...,‘...l.O...-......_.‘...0‘...’.....?.......O.....G.. 3800m
Pitch 0000000808880 0088000600000000000000090090000000000000000020 4,280 ma

Developed area ...O.......O..Q...O.....I.d‘....0....00.0..0 8007155 sq.m
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6. Bolilers = : R , .

There“shgllfbe eighf boilers of the Marklho, Bureau Type equipped with super-
heaters and air preheaters. The boiler rooms shall be of the open type.
Specifications for the boilers shall be as follows:

Préssure’ Steam drum Q........Ol‘.‘..00.....0'......O..O...O 23 kg/sq.em
" Superheater Outlet 000600000000 00000000000600000000 22 ks/sq.cﬂ
Temperature .O.....‘lﬂ...'l'.....ﬁ..0.‘0‘.....'....OCI...'.......'.. 300°c
Heating surface, saturated plus superheater eeseseccocecsssse 1107 SG, m
Air he.ater :are_a....0'.................00.0'.0B"..'....l......... 207 sq. m
A Tmperat‘li'e Orpreheated air .....0..0.0......".Q.........QQVUOQQQ 100%
Volume, combustion space 060000400000 v000000s00s000000veccanse U2 CU, @
Pressure of air at burner eNnLrance secoccerescssscecscecas 300 mm of water
Atomizers D...po...Q.D....'......I.l.o'o.....—.... eigllt Type 20’ MOdel 3
B T ._.».......,...l‘.".......‘....lo.&.q......... two me 20, MOdel 5
Rateor combustion 'Q'.A......‘.......0.0.....'.0'...0..0....0 700 Kg/sq‘ m
,COneE ‘o"coo‘oooooo...doovoo-oo.ooon-ooooooocoooooon-onooo. Type 20, Model 5
Steam drum, lengt!h oo-oo’c.-ooooooco.oo'oooo‘o-oaoooon-o-;-o.a..ooo 5230m
* inside di&meter ...‘0....0....0..@0..'.l...ﬁ..!'o... ll‘zo m
Water drum, length ©00800080000000000000000080600000006C0s000s0000 5270 om
inside diameter oeo.oo..to..ooco.oo.o.ooooo.oco.no'o. 6"om
SuperheaterdM’ length .....O....'..0.0....00.....Q..'.tl....’l 2"25“
R S inSide.dia-meter ®0eec0s00000000e000sc00s0s0cncnssases 450 mm
Arrangement of tubes and outside diameter,
’ generating tuhes, 2 rows 9ess00rc0esrsscennssessscessrcnccncec 45 mm
- 3 rows ....'..0..00..00..'..'...";......... 32m
3 rows ©000000000000000000000000000000RGRLE 29m
superheater tubesS, 6 I'OWS ceceescecsscaccececccssssascecnsees 29 mm
saturated steam tubes, 11 TOWS .eecescccceccescansnscosnacases 29 mm
preheater tubes, 7 rows .9.'..'.....l...o.l..............-.. loom
Inner diameter and no. of downcomer tubes, forward .... 160 mm {2 tubes)
o R Bftecesceese 180 mm (2 tubes)
Outer measurement of water drum €00 000se000000000000000000000000 5200 mnm
Distance between sgeam drum line equidistant from both water Arums .....
v ! eeosw 3300m

7 "Uptakes and “stacks [

There shall be two funnels, the forward one serves the forward boilers and the
after one the after boilers. Each funnel shall be equipped with a tight rein
cover. The specifications of the stacks and uptake areas for ome boiler are
as follows: Uptake area above main deck - 3.0 sq meters, area of stack 3.0 sq
meters.

v

8, Lubricating equipment

The system shall consist of eight pumps, two to be installed in each engine
compartment. The pumps shall be of the gear type, vertical, and driven by a

“==turbine through a reduction gear. Capacity - 150 cuem per hour, pressure -

3‘0 5 kg/sq.. Ccii,

The oil cooler pump system shall consist of four pumps, one for each engine

" room. The pumps shall be of the propeller type and turbo-reduction gear
drive. They shall be vertical. Cepacity - 400 cu.m/hr, pressure - 10 meters
of water.,

The oil coolers shall be four in number, one in each engine room, They shall
be vertical and of the water-cooled type. Cooling surface - 120.87 sq meters.

Independent lubricating apparatus shall be installed for the inner shaft, the
outer shaft and for the shaft(pearings within the shaft compartments.
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Ie] ’(

The combined lubricating ol p
vertical reduction gear type, one shall b
total of eight. O0il capacity - 10 cu meters/hr,
~ 2l cu., m/hr, pressure - 10 kg/sq. om.

ump and oil cooler pump for the fireroom will be
e installed in each fire-room, a
pressure - 2 kg/sq. cm, water

The oil purifiers shall be insta] -
9. ve) B
he ygrﬁieal gear type driven by a>turbﬁw
_mhedl be one in each fireroom, & total .-
“pEsssure - 16 kg/sq. cm. T
igvﬁiihs boilers . L
These pumps shaii, bie y for1ighting off and while the ship is
at anchor. Thers hs  Two. e} ecteically operated pumps of the hori--
-zontal gear Lype,. 0B - fireroon end one in No. 2 fireroom. - Ca=
pacity - 0.75 ou Bl euT e "1k kg/sq. cm. .

(c) Fuel oil transte
Three electriqall&fq;fjﬁﬁéd«ﬁ&tiﬁentai gear type pumps shall be installed,
one in the port ¥Fofpa: fgiseroom and the other two, ome forward and one

. ok m-.. > .
aft of the machinery: taces. Capaclty - 30 cu meters per hr, preasure -
3.5 kg/SQo cmo ‘ : .

(d) Fuel oil heate®:; v
There shall be &It fuel #11 heaters, one in each boiler room. Heating
surface =~ 5,09 84y Me. " S

quler feed systb@’{blosgﬁ;ﬁ?stém)
(a) Main feed pumps -
_ There shall be a tota

fugal, directly connected t
sure - 29 kg/sq. cm. i

1 of eight, one in each poiler room. Type - centri-
o turbine. Capacity - 150 cu meters/hr, pres-

1,

(b) Auxiliary feed pumps
ht, one in each voller room. Type - reclp-

There shall be a total of eig
m/hr, pressure - 27 kg/sq. cm.

rocating. Capacity - 85 cu.

(¢) Water feed heater

1 be eight surface contact type feed heaters, one in each

There shal
There are also four additional feed heaters, one in

boiler compartment.
each engineroom.

Feed water heater heating surface:
Heater in boiler rooms - L44.23 sgm

Heater in enginervoms =~ 38.24 sgnm

11. Fire and bilge system

There are six electrically operated F&B pumps, one in each engine compartment,
and one. each in firerocom No. 1 and 2. Capacity - 30 cu.m/hr, pressure - 7
kg/sq. cm. These pumps are of the vertical centrifugal type.

28
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12. Wﬁter purification system (evaporators)

There are two sets of evaporators, one in each of the two forward enginerooms;
Each has a capacity of 144 tons per 2, hour operation. A combined pump serves
the evaporator system and there is one in each space where the evaporator is
located.
13; Ventilation systeeﬁ
. 4 : .
(a) There are eight systems for supply and the same number for exhaust.
Both supply and exhaust are of the horizontal, axial flow type, and half
of each are turbo-driven through reduction gear, while the other half are
electric. There are two supply and two exhaust for each engineroom, half

of which are electric. Capacity - 650 cu,m/min, total head - 50 mm for
supply; 800 cu,m/min and total head of 50 mm for exhaust.

(b) Control room ventilation

One appropriate electrically driven vent set is in the forward port side
engine room for control room ventilation.

(e¢) Machine shop ventilation

One electrically operated vent set is provided for supply. Capacity - 1
cu.m/sec, hydrostatic head - 50 mm.

Bloﬁer system

{a) The apparatué consists of 16 vertical turbo propeller type driven

through a reduction gear. Two are provided for each boiler., General
performance: Capacity - 25 cu. m/sec, total head - 350 mm.

(b) - Port use blowers

Two horizontal electrically operated blowers are provided in Firerooms
No. 1 and z for use while at anchor. Capacity - 4 cu. m/sec, hydro-
static head - 50 mm.

15. Steering system

The steering system is an electrically operated hydraulic type, whose capacity
will permit & turn from full right to full left, a 70 degree turn in 30
seconds against a maximum torque of 19 meter-tons on each rudder. The hydrau-
lic cylinders are of the double striking head type. One set of these is in-
stalled for each rudder in the helm compartment. Two electrically operated
hydraulic pumps are installed and each is capable of the above mentlioned per-
formance. One of these pumps is employed in a dual capacity being used on the
"B end of the windlass epparatus. !

16. Anchor hoisting apparatus

The forward anchor hoisting apparatus is operated by electric motors with gear
attachments and is capable of hoisting 31.8 metric tons at the rate of nine
meters per minute. There are two motors of 100 hp (cheval vapeur) each opera-
ting at 850 RFM.

The after anchor apparstus is an electiric hydrauiic system which receives oil
pressure from one of the steering hydraulic units as mentioned above. The

apparatus is capable of hoisting 8.4 metric tons at the rate of nine meters
per minute.
) [4

17. Machine shop equipment
There shall be one lathe, length of bed - 8 feet, swing - 30 inches.
21
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Overall welght of engines in tons (metric)

Main enginses 580
Shafting and propellers 280
Auxiliary machinery 160
Bollers and accessory equipment 520
~ Stacks and flue installation 90
- Pipes valves etc. 387
Miscellaneous 153

Total : 2170

The following tables of machinery data have been translated from Nav-
TechJap Document No. ND50-1032,2, New Construction Machinery Trials
of MOGAMI Class Heavy Cruiser.

MAIN CONDENSER, BOILERS, AND PROFELLERS - MOGAMI {CA)

Main condenser .0........6..‘..O.....l‘.....’00..‘......Q.OQC.‘O....‘.ll ro
coo]ing area, one fOIWArd .ceececesccsccosccscocassscscsnsssss 1284.9
” . one aft PP OO LOOEORNOPION N OB NC OO EOPPO S PBEOIOIVUSERLLEOS 12854
total romﬂrd 0 OO P ON ISR B OO TOS PN ONENEIOOIEINESEEDS 25698
total art ® 0 00000 OGP S OO 0L PO DO SEPOOIOOSOELIPSIOEOSNIOOS 25708
Boilers G PO OB SO S POES R0 LSOO 0O SO OOBDOEOEDNNOGESPSIDODIOROESOEOQEPOIOOLOEROER 81&1‘83, asmall
type C....'....OO....0.0.......0..0..0000.... m single fired BureauRo
evap., heating tubes heating area, lArge c.ceececccescsssessscesss 761 m2
small 0000960030000 000e0s000088 627
super~heat tubes heating area, lar£e .ccoseececccoscocsssssccasas 156
small ® 80 608 00 00050000 BeLORPEGOESLSLETIIE 130
one boiler total heating area, 18rEe secceecroncsccsssvacsssccnss 917
Smal ® 000G DES S OGO SEOLSOEENOOEOBEEDIPONEOS 757
grand total heating area, 1arge ..csccccossscssssccscssossccecss 7336
small ® 5 90000 P08 O SOI 0PSO DTO LSS EDIeesE S 1514
fire box vol“me’ larse 0.......00...'0‘.0.'.'Ol‘ﬂl..ﬂ..'&...‘a.. }70
smll 0 SO0 P P0G 06 PE OO PPPOOOECEENOEQOSEPCTSILOESEOOTS 304
desi@ed steam pressure .o-ooooo.ucoo‘-looonoooaocoonoononog.... 23 tons
Propellerﬂ .lD.!.OO.....e............0..-....0....00.0.....0..0.0....... fou
diameter ........‘..'........0.l...‘l...o.b.....ﬂ..'.t.'.....l.. 3800“
pitch .0’00.."..0....Q.....;.0.'..'...00..'..'00...0..'.......9 4280?
develop@d area ...........'.....0"0..0.00.0....0....I.....Q...gzss
projected area 0D S O OBDPCHOEDSDOPENOOCOEESONTOOOSSOSODEINSEBOEILIOEPYDES o75m
nol of blades .!Q....I..‘.....‘...‘.....O.CB...IO.....!.O......... three
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MAIN ENCINES - MOGAMI (CA)

No. or Rows
Nozzles of Blades

Area Mov- | Station- | Average
No. (cm?) | ing | ary Diameter

g

8

1 60 219.8 2 1 1050
2 60 4317.3
3 | 60 | 502.3
4 60 602.9
1] 76 | 673.7
2

3

4

1

2

3

4

1

1

2

Type and
Number

1050

HP Turbine | Bureau, 4
, ‘ i 1050

1
1l
1 1050
1 1300
1l 1280
70 1373 1l 1250
68 i1 1l 1220

1

1l

1l

1l

>

2

72 940.4

IP Turbine | Bureau, 4

1 2x1511 1470
2x2216 14890
2x3650 1480
2x6265 1480
36 174.4 1300
76 59.1 640
Cruising 52| 108.9
Turbino Bureau, 2 | to| to to

“ 8 | 68 | 256.2

éureau
IP Turbine | Double
Flow, 4

Backing

REDUCTION GEAR - MOGAMI (CA)

No. of | Average Outside Central
Name ' Teeth | Diameter | Diameter | Distancse

Bull Gear 438 98.34" 94.21"
HP Pinion 51 12.21" 12,.58" 53.03"
IP Pinion 51 12.21" 12.58" 53.03"
LP Pinion g 65 13.93" 14,.30" 53.88%
Cruising Bull Gear 25.73" 26.,02v
Ccruising Pinion 35 5.71" 6.06" | 15.75"




AULILIARY MACHINERY - MOGAMI (CA)

Nodel/Typo Kinad Cylinder or Kumber of
Turbine Pitoh Stages ox
Diameter (mm) | Btrokes (mm)

-stage triple steam {njsotion type

fertiosl, turbo-vortex : 8 20 2&
‘-;rEo-Eem ed type 28
urbo-axis 4

rlow
3 : urbo-exial flow

Engine Room 011 Co inside water, outaide Cooling area
5 5

ie:

u 15
|¥ngine Room |Klactric axial flow 1%
Blowers Turbc 00_m %%
Elootric axial Xl
Control Room Biower Elect.Snlokk 0,25 m3/sec 0.25
Firo & Bilge s Vertioal, ¥ 39 23
ro ge Pump vortsx type 30 25
Fuel Transfer Pump Eleotic geared 30 75 -+ 2
|Int. prees Weir type Evaporator 144 tomns/di Heatlng area 29.10 aq. &
? Distiller 144 tons/dey Bilf!% ares 33/18 aq. A
? Drain water
cooler Cooling area 8.545 =2
? Exhaust air
cooler Cocling area 0.497 m2
Steam injection Bxhaust air
: ajactor st 7 20
stiller pum
Turbo-vortex type ater extraction 30 T

%ui_:gct water pump I
=Room ¥eed Water Htr, Heating ares 38.24 w2
L] %1:1 Food Water Pump Turbo-vor 130 T
in ¥sod Water Pump 'rurho-vu)- large 300
)]

Aux. Feod Water Pump z:%% fgb -:;:ﬁ' 420

Boiler Room Fead Water large
Heater ? small

Fue). 011 Atomizer Pump | Turbo-geared typs
. Upright, bent large
Fusl 0il Heatier tube type Bmall
Aux. ¥uel Atomizer Pump mectrio geared -
[Aux. Blower ' Shiokk typs =
Blover Turbo-axial flow  [LoIge

Lubo 031 and Gooling Turbo-rotating large
Water Pump t¥pe | 8mall

Inaside water, large Cooling area 9.34
Boiler Room 01l Cooler outside oil type small i Cooling area 4.65
"PMire & Bilge Pump Turbo-vortex - 30 25
Anchor Engine Electric geared - . tons
Stsoring Engine & Hydro-eleotric Hydro-pump, man- 3% metrio
Mochanism .| Hele Sheaw type ual hydro pump | & e) tons (baoki:sl

Fuel, 011 Transfer Pump lt“":"“ goared 0 o5
liachine S8hop Blower. .- Shlokk type - X%

1

s

Boiler Room

N H Aot o oy e (e

Lo

'
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The last of these crulsers was completsd in 1932. Treanslations of
documents for this vessel are included mainly to show the gradual
change in Japanese cruiser machinery design. The plant is very much
like that of NACHI class which is illustrated by NavTechJap Documents
No. ND50-1021.1 and ND50-1024.2.

Piping plans for ATAGO class are shown in NavTechJap Documents No.
ND50-1036 and HD50=-1036.1.

The following machinery design requirements for ATAGO class cerulzer
(MAYA) have been translated by Japanese and are included essentinlly
as submitted by them. It is noted thet the Japanese have expandsed
the title into one quite different from the liveral translation.’

The column headings have been translated for one run in the "Mow
Construction Machinery Trial® (NavTechJep Document No., ND50-1036.2).

* % ?t L.

PARTICULARS OF MAIN ENGINES, BOILERS, AUXILIARY
MACHINERY, SHAFTING AND PROPELLERS T0 BE FITTED
ON THE 10,000 TON CRUISER MAYA (ATAGO CLASS CRUISHER)

Main engines

Engiﬂe, VIPE® cecccccceccsssssesssscsvsececcsscsscece bt pinioned,&ll geared
Mbine’ type ...........0..l...‘.......'0...0'.0.,'.. sinsle flb' muse
Gear type ©cesecereesnercccesssesecescocssssccsscsscssssnsosec Tigld frame
S.H.P'o OQOO0Ooco0...00..0..0000..0....0..oooeo-oao.oooo...&so.o..o 130,m0
No’ or shafts ..0.00.......9.'.Dl.l..l....c..o.....0..5.......0..0'.0 rou
S.H.P. per shart ...O........-‘.'I‘..O...'..........QQ.......‘.O.....BZ’soo
RPM of propeller © 0000000000000 00000000000000 0000600000000 000000s0s0ss JU
" Steam pressure at normal full POWEI .esecocesscsccess 15.7 kg/sq. cm (abs.)
Steam quality 0000000000000 0000000000R0000CRRCOCOSEOSEROOTRTY 98% dry saturated
Vacuum at turbine exhaust ...ccceccceess.90% with barometer reading 760 mm
~ at top Of condenser ...c.eseccceee 92% with barometer reading 760 mm
water rate .....'..‘G......................‘...'...Q.Q.."‘..OQ.... 5“1 ks
Astern turblne (incorporated in LP turbimes) .. total S, H, P. ...., 36,000
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Turbine details are as followst

{- - Quter shafts - Inner shafts

'Eaﬁter~sets Inner sets | Outer sets | Inner s@ts

No. of stage 1-2 rows & 6-1 row 6-1 row 6-1 row
4=1 row

P.C.D.v(mm) : 870 & 980 1020 & 980 {1020 & 980 | 1020 & 980
RPM R 3017 2899 3017 2899 '

Bucket speed, (m/s) |137.4 & 154.6 & 161 & 154.6 &
R T 1154..6- 148.5 154.6 148.5

”Lengtn'between bear- . : .
ing centers { mm) , 1,545

Hei?ht of nozzle ;
(mm 17 - 100 mm 20.5 = 100 mm

Estimated weight
(tons) . : 10.0 tons 9.5 tons

No. of stage 6 -1 Tow

P.C.D. mm . _ . .1,520

_RPM » ' 2053 1988
Bucket speed,M/s. 163.4 158.9
lLength, between

bearing centers . » 3,040
(mm) S ,

Height of nozzle
{mm o . , 107 - 300

“Estimated weight ‘
(tons) : 18

Blading Stainless steel
Material

Wheel Hard steel
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Pressure distribution in kg/sgq. cm (abs) is as follows:

-+ Ordinary use
(outer sets of forward engineroom)

7.03

5.13

3.73

2.71

1.93

1.83

1.23

0.809

0.52

0.324

.19

0.098

Astern

Chest ' | 17.25

Exhaust ‘ 0.155

Gear

particulars are as follows:

Ge&r wheel’ S.HOP.\..........‘.Q..“..o...'ﬂ....'.’......... 32.500
P.C.D. (in e0ve0csesescesacesnsscossosecssasvossenssssss F8.98
No. of teeth B O 0GOSOV EGTO TS CIPOOOTNOGPO TS CRT O PO OTPE PSRRI BEOOD k62
Spiral &ngle €90 0000000000000000000000RGOCOCROGIOITTIATY 300 approx.,
Tooth Speed, (ft/S) es000esecssescoseescsssscessssssccce 138.4
Face length (total) LA RN N NN EENENEEENENNN RN N EE NN N F NN EREEY X 1 920m
_Press.»in 1b8/inrﬁn $ Ce PN 0000000000080008000000CARACEO0GO0TO0ES 892

Outer sets [Inner sets | Quter sets [Inner setsl

S.H.P. (each) 8.125

P.C.D. (1a) 10.5 10.93 15.85 15443
Load factor 275 270 Q21 227

No. of teeth - L9 51 Th 72

lcear ratio 943 9.06 6024 6.42
Estimated weight (tons)
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" cpuising turbino particulars are as follows:

Ko. Of seto 0906000060008 000008000000009000000000800000000000000000% two
Ho. of atages €9 0000000000005 0009000000000020000800040000009 thres -~ 1 row
QHEORG csevecccssescecesess OOU ed to H,P. (ordimy uae) turbines
S.H.P, %m@‘!&hout t\lrb’.n'/s.t (18 Kt) ecoecscecacccecacseccscrvccee 7.050
BPK 1m ©96003000000000800000000008000000008007000008000000000000 5,‘039
vater rate &t 3.750 SQH.P./BQt (1‘0 kt) 6000000800000 00C0R0CCSOOOE 6.3 kg
p.c.n. g‘ﬁ......ﬂ....'...........""......Q‘.D'.'....o......'.‘.... 650 m
Pucket V§1@°1ty, (18 kt) ooooooooooo'ooooooboooo-oooooooo;o-.o.. 185 m,/a
Lth Mt@een'beﬂri'@s centers ©008008900800006a000000000080000e0e 960 om
Height Of NOZZIO ¢9000000000000000000000000000000000000008030400 20-33 mn
Estmtad weisht O..ol‘.IQG.O'..QO...09..0.0.00.000..0‘0‘0'0.0..0 3 tons
mterial, blading 0000080088080 000006080230000080000008000 stainless steel
wheel .....o....:.’.-..e...._......o.“.ﬂ.,......o.‘o. hm steel

Pressure distribution, CheBt ecececcees 17025 (98% dry) kg/2q. em (abs)
18% ececececsccccevscececsocne 10.47 kg/8q. om ‘abﬂ)

) 204 cecco0ssss0000000000es0 g0 6.19 k&/sq. [} (abS)

3rd cecosescsvcececscesscose 3.59 kg/sq. cm (abs)

BEXhBUBt eesecssecceesosseccscesscscessones to H.P, turbine 1lat stege shell

Gear partiocuylars:

S.H.Po/aeﬁ (18 kt) ..IO...0....0”..00...60.....Q0.0...C0.00....... 3,100
P‘c'DQ’ smu wheel .....’.......i$......’.‘......'........’.... 20.353 1n

pmion .....‘......'...‘..'.......0....o.."...........o 6.000 1n
Tooth speé)d, ft/a (18 kt) 0900060080 080800808000000000000080000800000 142.3
Face 1ength(total) ............0...'5.....0..‘.....Qe..o........ ‘béom
Presso 1n lbslin m (18 kt) ..o........a...'...........0......0.'.0 661
Load fagctor o.oo.‘.‘u.o'....OO....Q'..o...O.o.c..Oocootoaoo..s.o....o 270
Total face lensth/P.C.D. ©060088800000000080C0300000C0Cs0000cs0C0C0N 3.02
Spiral angle (appi'ox.) 00080080008 N008300000P00E00000C0008000C80RORRCD 300
No. of t@eth, gear WHOB1l eceescnecssecesvecesssssscovenscecnsicoesassecas 95

pinion ...0-.‘........../.........'........Q....QO.Q..O.

Gear ratio. gear wheal 050668800090 0c0080800000000C0sRs00008000CORR000 1

inion oc'»oco-o.oo}ooooeoooooo---o-ooooo-o--aooooeoooo. 3.395

Estmafaed WG{Sht .oo.'oo.oooooo‘p.ocooooo-.oo-oo.ooaooo.a-ooooceo 2.3 tons

When the cruising turbines are in use, the inner turbines in the forward
engineroom are discoupled and the sets in the after englimeroom ruan freely or
can be disconnacted at the flange at the gear wheel if desired.

2

Main condensers

TYPQ ,ocooooooooe.ooocoooooooooo-oo--oonooocoocooooo single flow uniflux
No. or sets ..ﬂ'.........'......'0..‘O...‘B‘......Q...'........... ei@t
PoSition scescsccscsescscscscsvssorccccoas four underneath and four aside
cooling Surface each ....000...'C.Q..O..oooooooooooo-o.ooco... 762 Sq. n
Length between tube aheets .........'.....0...‘...o..'.'..“....- 3’7h3m
Length of tubes .oooo.ooooooooo.ooooooooocooooooooooo.ooa-o.oo. 3,800 )i
Pitoch of tubes oocoooo-e-ooooooooo.o-oo.oon.eooo-oo--ococoooooooao 25x25
No. of tubes .O.......e.......o.....‘Qo.0.0000......0...........ﬂ. L,O?
c.s./S.H.Pl‘ 9‘........o........'..........0......'...ﬂ‘.'.’."' 0.0"7

Main alr pumps

TYPO ececceovcsoccecsnsccancesescsaane Velr dual type with steam ejectors
Bureau No. e.-ooo.o..-ooooooo»oo,oo-oooo.oao.cooo-oo--ooncooooooooooco

No. or sets ....O.........’....‘.‘.......‘......°...'............0. eisht
Cap&city 0900006000000 0080000¢C0000000es0080808000000000009 96,000 l:g/hro
Total swept vol. per kilogram of condensatd® cecsessccscccses 0915 cu. A

il
Main circulating pu@ps

28
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Type OQ'..I...I.GG‘.I..CQDO0..0'....6‘0'BOOOOC two cylinder IGCiprocatinG
NQ. Or sets O..C.‘..O..O.GO..OO’...0.0.0000..O.."C'..‘O.l........ ej-ght
capaCity ...'........G.O....GOOG‘.ODOH...........O.'..OQI. 5,650 tOBS/hI
Resistance head .....OC.........‘..0.0.0IOO..O.........'.B"."'.. 7.5m
Diameter of steam cylinder .ceececescesccacsccosecsccacescessnsnses 210 mm
Stroke QO.GO.I.....'.‘.'IO'.ll._I....O'_O...'D...OO.......B..C.ﬂ....l Zoom
Revolutions per minute ........l'.U!Hl!0..0..0!...0.0.'O.....I.O.Q.O. 1+75
Diameter Of sucticn pipe 6...00'...0.0.0.....0....'..........'... 7hom
Di&meter Of discharge pipe ..O......I0..‘.0'.05...........-....0. 720m

Boilers

Type of boiler .eceeces Mk. RO, Bureau oil burnipg (without superheater)
No. of,boilers ..Q.....O.Q.l...GO;.O......'.OO...I._OH‘O...‘Q..."!‘.'.!. 12
Working pressure Of b0Iler cecccecscccccsvscscaccescncosoce 20 kg/sq. cm
Heating surface, @8Ch c...ecoeeeccscsscscanseseccssocess 8bOUt 970 8q. m
Combustion volume, €8Ch cecceecesccccccsssocsscnscssces. @bout 39.1 cu. m
HaS. C.v. ‘......0‘0..'.........'lQ.Q...O."O"....IQ'l........‘.u' 24.82
011 burner capacity .ecceccecececscesscsss. €leven No. 2 i.e. 5,500 kg/hr
: 9 9084588500060 P00t 9OIeUO four No' hi.e. 1’200 kg/hr
Diameter Of steam drum ..O...GO.-...I...0..0..l.."o.'.‘...'..c 1’270m
Diameter Of w&ter drum ...0....9‘...'.........0.l"....l.l.o..'.. 71+Omm
Length Of Steam drum o.0.000..0..0.0-.00...0-ao-o.aoooo.-ooo‘ooo l&’670m
Length of WALEr ATUM cesccecsssrsacsscccscscsccsccsscnsssnsesees 4,628 mm
Distance between water ATUM CENLOIS .eccececacssosscocccconeseo 55330 mm
Hgight between drum centers ©0 000009000000 000000000089083000880 3’125 nm
Tube nest details 9069 CI2C6S 008G SCCGOESISTSCTOROEOTERDS 2rows Of l B/A"ILIS.G. 9
- R R R xXEyXrInmmmmm 16 rows of 1 l/h” X L.83.G. 12

DOWNCOMOrS sceecocececscsenscnessccecccncecssnacss €ight 3 3/4" x L.S.G.
BO116I TOOM eeseccecvcccssccccccecsasacsasesscsacas OPEN stokehold system

Forced lubrication pumps

Ty-pe Q.O‘ﬂ'............'..ﬂ..;.'.’..'.............’..Q.......G..... Yt'eir
Bure&u NO' .;0..0....0..0..0....-.0..‘0......D....ODOOI...'..I..OCGOOO Iv
N0.0f sets By:....'l...."...'..0...6.‘.0O'...D...E'QC.O..-.Ol'.....ﬂ. 12
Capacity, each .O".'9.'....'.O....................ol..‘ 39’0‘)0 literS/hI'
DEl1VEOry DPI'OSSUTE ecocseccsceccosccsccnsssscsconcosnsssonos 3.5 kg/sq. cm

-

01l-cooler pumps -

Type s0ecvcesecnceecacasacesccnscnsensase GUrbine driven by exhaust steam
No. of sets 080 8030080000000 CPI0CSROGCEOIAESS RO L ] ; S O0@O®sCI0OeLIOGOROEOIOIOEBOAOROGEERYS fou
Capacity P68 00000 PSIECR0CO9000BOIRBOOGEGIETIOON LR NN .-. P9 Q6e®es s 300 tons/m

RPM oo-oolonooocooeooo.eooo.oo‘.oo-o-oooon-ucoo-cq-oocooo.oo-oocoon 2’000

PQCODO Of turbine ........’........DO'Q.........O.Q.l.‘.......o'. h()om
01l coolers

Type 002000000000 00900000000000c00seecencscecescsnss vertical, oil outside
NO. of Sets .....O...0‘.......’....'..'000......G'..........'.'..'.. ro‘]r
cooling surface O........‘.....QG'..O..0.9.0.'......’..o'.. about 92 sq.m
Length between tube SheetS cececscescscosccescocosscsscacessses 2,000 mm

Feed pumps

Type, m&in .;.OI...‘...I..O..‘......l.O0.0...Q.Q.‘.....G'... Brown Bovari

auxiliary €000 600000000000CIIPE0CEO00C00800060CEER0CCCEcecoscoeosaa weir

NO. Of sets’ B‘lreau‘, No. vII .Q..l'...lo....l'.OO...'ﬂ...........c.t’... 9
. . lal'ge 000 0CRP000000000000000CINIINEVPICOCECOOCPCIOCRCEITREROESSIECENBESEO

medilm ©00 0020000090000 00000000CC0r000UICeencnsencesencons 2

Small 0...e.l.’,..-...0000.00-..ll.‘.'.l..ﬂ...l.‘l.."... 2




10.

1l.

12,

13.

14,

15.

S-01-

Bllreau NOO OQDn...O.‘l...l...'o....l..ll..Q..O..QQ....

4

Bureau NoD vII L] ...‘.‘.;...‘........... 99 800G BGOGe 20 63
1arse ...00......00".....-..O..O...0...00.00.0..... 190
meGium ceeccevvceencescenscoessscsascsscesccsrsesecece 135

sma]-l ...Q...O..I0...'.0..0.....O..‘....C......".O.. 5

Capacity, each,

Fuel oil pumpgj

Type .Q..oc.acljll...ﬂﬁ...'...'...0.....Q.l\‘.o...oal...l..lO.....ol... v!eir

ND. of Sets QD...........'......Q...G...OO...‘......0.60.'..'.....00. 12
10.5 tons/hr

Cap&city, each .oomoo-'uoooooooo.oo--.ooouo.-oo-oo'-o-oav..

Forced draft fans

oco.ooo;o-oocnooooonoc geared drive
eecesscessosse LEATEE No. 3

090000000 RSOS 2h

1,150 eu, m/min

Type €800 00C0 900000 CS0E00C0CRCB00E000D0
Bueau/non 'ﬂ....l..l..l...'...'...........&.ﬁ
NO. Of Sets noo6-...-0-0.0..00....Qo....'o..........o.-oc

Capacity, CACH cecsesvs00s0s0er0erevcsececsocescsncssesccedo
Distilling system

Type of evaporator and d1stiller eeecccecvccescsccccen VWeir high pressure
with connection to exhaust steam

seeveseso tWO

No. Of Sets ...y.........ﬂ.'........3....-.-...Q....Q.-.
C&pacity 0000000088000 00000000000300s00sseds0sc00d0tse 133 tonS/day
Type of pump 00028 000000000060060082080¢000000006000000880CR00080000000 Welr
Bureau No. .9.......'..Q.”.Q......ﬂ..........oﬁ'......‘...’....o. n
NO. Of 88t8 ccevsnceccecessoscsncocsecsnsscsseccecsssstssctcssss two

Capacity, O8CH co0ecscoscesceccsrososececrsssscssdssese 133 tonS/dag

Fire and bdilge pumps

O'.....l'....o.......o.O........Q.ﬁ.'. weir

No., of setS In E.Re occscceccovoscocccescocsosscesscsasscsnccsnsccncenes two
oorresponding~Bureau NOo soceesccecnosscscceccsccessscsotcncocess III
eapacity ..Qo0..Q.....a....t:b.......OOODOOQQOQQ....CQ 77'5 tons/hr

No. of sets 1n BeRo cceccesnssssascscccssescecsccscaccsccecsecancctsces two

corrésponding Bureaul NOe eecesc0000esececsscsesscssecsscsossisnccsns II
capacity 000060000088 00080000000800081900600000600000008000¢0 29.5 tonS/hr

Type 0..........0'_)..'0..'..0'

Fuel oil tank pumps
—

E.Re. Pump Rooms

Type Bureau No. 2 Rotary (motor driven)

No. of setis

two
25 (each)

one

22

Capacity, tons/hr

Ventilating fans in E.R.

Suction Exhaust

Steam-driven
Sirocco

eight
1,000 mm

Motor-driven
Sirocco

Steam-driven

Type
Siroecco

No. of sets fbur four

750 mm

Dia. of fanq not determined

850 cu. m/min

500 cu. m/min
(40 mm)

500 cu. m/min
(40 mm)

Capacity e ;
mm

{head)

30
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16.

17,

Feed water heaters

Type Surface heater each in B.R. EjJector type

No. of sets 12 , 12

01il heaters

i Type .0;'..Q......l.0..Ql.o.’..oo.‘..lO..‘O....I...S.. vertical, U-Shape

18.

No. Of Sets, large ..le.....O.l....'....I..'.Q..l...ﬁ.‘.ﬂ....'.l.. threa

Small 2000000000000 0800000006000000000080000600UOGECOBO0O0BCEEOS gix

0il purifiers

iTypev.O.oo.’..............G...O‘O..C'O'.i....'..‘...‘.'.. Sharples \ 6

Noe Of Sets €00 0030020002000 000000C00 0000000000008 03208000663 068066 &< -our

capacity, each 9002060308860 000060008000000060000000006d0 s 760-950 literS/hr
Shafting

Intemediate Shart, outer diameter © 9600000000000 CBRIOIAIODN ®9 883300000 ‘#50
inner diameter ..‘.".'...."......"...-...‘ 350

Stern shafts, outer Aiameteor .eccececsecceceseccososvacscscssosse L65
1nner diweter ...‘.'.............0.'......‘....... 350

Propellér shaft, outer diameter 8000800000000 00000000020000000000SE b70
inner diametex‘ .....O........'......."....‘I... 350

’ Tota]. lensth Of propeller shaf.‘b 0 3000069006036 000808000000s0 lh,?zo

Propellers .

Di&meter 0000000060000 000000000000003000E00 089008 0000CGCRIOROGIOIEORESES 3850 om
Pitch $CR 200800000000V UNRINCOE0NL000080CI000000000000E00GOBCESETSIOIODRS LZOO mm

Pitch ratio .Q..l‘.....‘.....ll.o'..00.0.0..i%..l.'.'..."...l..l. 10091

”PrOJected area Q...........b...Q.'...D.O'l...‘..............OI 800 sq. o

Developed area ..........‘0..QO'.....O.G.....Q.......Oll..... 9.15 sql m
weight’ estimated S0P 0 P0IRCEO00 0306000000000 06C00C00CQCGESICESINDORS 10.33 tons each

Donkey boiler

Type sceecsceccscnssscocessseesssescssscoceseses MATK RO, Bureau 01l burning
No. $000000000000000000000000000000006000000000000600000d380006020ass0ee OIP
working pressure ............V..... @680 0000000038 PSPSIOIODOEBRGSIOGIOES LR ] lh k%/sq‘ m
Heating s‘lrface ..Q......'.O....°....o......,o.o.....'.....’.... l sq.m
Combhustion volume 000000000000 0000000000000s00CRe0OOOCIORETROLOSTS 2.26 cu.,m
H.S. c'v. ..............'.l.’...i.‘.'ﬁ.’.....;..........‘..’..'...0 27.w
oil burner capacity 800200000028 0000O0000CKOCEOROES 00090308000 c¢es000e0 3x75 kg/m
Auiliary’ feed and fuel pump 900600 0CPOOOEOGSPIO0OE~"0C%200000Ceb e ®06es 0800 m

Oil heater .;l....ﬂ.......0'......0.0...CGI..O...D........ am

feed and fuel 1ANK DUMD cveveacsasscsasescssacsoncnceccsses OB
Weight distribution

M&in engines ..0OyoQO............QODOO....GDOOOIOOOB.0.....0. 681.0 tons
Shafting and propellers 0000000006060 00000020000600006300020000G6 2#5.0 tons
Boilers ..'.I..“...'Q.....D..’I'...0l.‘...'.ﬁbﬁ..‘@...‘b..cl 592.0 tons
Funnels and UpPtaKeS ceeeecscoacsscccassascsscosacscocnsacances 96,0 tONRS
Auxiliary machinery (in machinery 8SpACe) ceeeeeccescessscsess 105.0 tons
Piping’ valves, etc. ...Ol....QOQ.O.‘.'.D..l.o..a..ﬂ..’...... 32600 tons
Miscellaneous I.........I..0...............0.......ﬂ..lo..... 126.0 tons
Steering gear ..'..D‘.O..D...Q.G.‘.0.'...D.....I....O...I....'. 25.5 tons

" Forward capstan, eta, 8s00escecsossecorssnsnesseccsosssceccses 7.5 tons

Donkey boiler’ etc. ..................‘........‘..OOO.....‘.OQ 15.0 tons
Total 0300080060300 0000080800C000806800600G00OS® 2’2h8.0 tons (1n metric tons)
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Part IV - AGANO CLASS (CL)
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1038.

= mable of specifications
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TRIAL TEST SUMMARY - YAHAGI (AGANO CLASS CL)

ND50-1037 and ND50-

for YAHAGI, an AGANO class oruiser, follow.

' Accep;. Full Power | Full Overload Powe;--Backing Power | Accept. Full Pcue?
measured continuous (continuous) measured
Item Deglgned standing out standing in stgﬁ:ing stmziing
Fore 5.630 5.692 5.445 5.62 5.336
RN 5.630 5.672 5.679 5ea1 | 5.637
négg &~ | Average 5.630 5.684 5.562 5.553 5.437
§§§’§ Center 5.630 5.679 5.541 5.559 | 5.470
Displacement (tons) 7,710 7,840 7,628 7,641 | 1,508
Fore 5.601 5.510 5.531 : 5.,555
G| A 5.682 5.655 5.673 | 5.6
ed | © |center 5.622 5,583 5.605 5.513
53 Displacement (tons) 7,710 7,734 7,673 7,701 “ 7,511
&% Sea water temp. 19 19 19 19
M roter Sine. m 7.8 7.8 7.1 71.3 7.3
Fuel consumption (tona) 1360.86 1745.9 881.3
Speed (knots) 25.0 35.17 35.08
3315 {total) 100:000 101,100 105,800 26,570 100,600
Shaft RPM 360 | 357.1 360.8 236.8 1 358.8
(Steem consumed per shp per hour - not measured)
Fuel consumed (kg/shp/nr) 0.36 0.37 0.92 0.36
B e iour (ke/omb/nr) | 173 6.84 7.37 4.59 6.88
?ig Per tin of fuel 0.96 0.96
;3 ;3 Full loed of fuel 1311 1307
Hod
oA
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TURBINE DATA - YAHAGI {AGAN® C1aASS CL)

No. of Rows
Nozzles of Blades

Area (cmz) Mov- | Stat. ﬁizigfgr
ing {mm)
820
800
800
850
850
850
850
850
850
1350
1352
1370
1400
1400

, 21,672
P ,
Turbine | 206.26
‘ 243,96
327.40
379.60
IP 474,50
Turbine
592.55
751.92
947,836
672.204
, 943,800
r x
Turbine ‘ 1377.764
2111.254
| 3446,784
’ - outlet

B e O e I O N I A o B 2 ™ I SR AR OIS Pt

Backing 208.116 1250
Turbine

throat
63.360
outlet
36.100
throat
28.458

Cruising 67.982
Turbine

76.520
90.168
107.31
132.3756
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CONDENSERS, BOILERS, AND PROPELLERS - YAHAGI (AGANC CLASS CL)

Condensers, number tesecesseessecsesssenossessosasatosoes oo s s four
€0011ing Area, ONE ceesscsossssconsssesvooassocvonannss 862.737 me
total .0.....0.’.'.'...00..00......"!" 3450.948 m
Boilers, type 00.000.0......-a.o..cu.....no..o.oct'oco‘l Bureau RO, Oil fired
number ...’li...l.600.‘.0...‘..0.00.....0'.0.0.'0‘.000'0...".... Si
heating area, evaporating HUDES cseevcossssnssonscscacsesssane 137.0 m
superheater tUbES seeeeeccoccconccosocrrsccen 152.0 mé
on6 DOL16T £OLAL veveessacssssacsssasssssenss 889.0 m2
grend t0tal .ciecececsesrscccncraccsennanese 5334.0 m?
combustion chamber volume, one DOL1Er .cesecvnccveccccnccecs 36.2 m%
total ......D.Dlﬁ....b.l'...il.. 217I2m
designed steam Pressure ..e.seee 30 kg/sq. cm (at superheater outlet)
Propelilers, number Ceeecessessesestesesrtesersesosnessessob et o b0y four
diameter a..o..ll0!00.....D..D.l...lﬂ.'.l!.l..l.‘....o.ga 3300mm
pitch n.o.u.u.oo.oaloo.o.oooa.-ooo-on.o-aaooooo-noo.-o..u 3350 mm
A6veloped BTEA e.scsesssscsosssstorsasaassoeencosssrone 6.8400 m2 P
PrOJocted BrE8 ecoscsssssssssoassscocoonsscssoconescens 5.9385 m2 :
number Of D1AAEeS .cesoecrssssocssccessoanseroreracatsronans three

REDUCTION GEAR - YAHAGI (AGANO CLASS CL)

_ Average |Outside Center |Reduction |
No.of |Diameter | Diameter | Distance Ratio
Gear Teeth (mm) (mm) {mm) |

Bull Gear 415 2396.01 2406.01 1 ;
HP Pinion Gear 41 | 236.71 | 246.71 | 1316.36 10.12 |
IP Pinion Gear 44 254,03 264,03 1325.02 9.43
LP Pinion Gear 64 369.50 379.50 | 1382.755 6.48
Cruising Bull | 141 569.85 576.85 1l
Crulsing Pinion 35 141.45 148.45 [ 355.65 4.03

34




ERGINEROOM AUXILIARY MACHINERY - YAHAGI (AGANG CLASS CL)

Namo

t

——

Type

Ry

Cylinder or
Turbine Pitch
Diameter (mm)

Stages,
Strokes (mm)

Pump Fan
Dianeter

Condensate Punmp

Turbo~geared
with vertical
reduction gear

100

180

1 (2 rows)

280 m2

Circulating Water Fump

Turbo-axial flow

with horizontal
reduction gear

8500

270

1 (2 rowa)

786 mm

L.0. Pump

Turbo-geared
with vertical
reduction gear

1 (2 rowa)

gear
itch dia
Oma

Drain Cooler Pump

Rlectrical
vortex type

175 mm

F&B Pire
Pump Bilge

Vertical electric

- Yortex. type

164 mm

F.0. Transfer Pump

Vertical electric
geared type

95 m

Turbo-axial
flow with
horizontal
reduction gear

9 m3/sec

16 m?/sec

Horizontal
electric

9 n3/sec

Axial flow

16 n3/sec

Turbo-axial flow
with horizontal
reduotion gear

11 m3/sec
19 m3/sec

1 {2 rows)

1 (2 rows)

Horizontal
electric

11 m3/sec

Axial flow type

19 m3/sec
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AUXTILIARY MACHINERY - YAHAGI (AGANO CLASS cL) (CONT'I}

Name

Type

Qutput
w3 /hr

Cylinder or
Turbine Pitch
Diemeter (mm)

Remarks

Evaporagor

Bureau

96 tons/day

Inside trunk
diem 1450

Heating area {outside) 129.06 2°

Distiller

Vertical surface
type

96 tons/dsy

game 470

Cooling area (outside) 122.31 n?

Drain Cooler

' "
il

Vertical surface
type

116 m’/day

same 340

bistilier -

Exhaust ejecﬁor

Single nozzle
gteam injection,
adiabatic com-
pression type

7 kg/br

Ejector cooler

Vertical surface
type

24 kg/hr

Cooling area {outside) 0.455 n?

Circulating
Water
Brine
Distilled
Water

Water-making Plant

Tubro-vortex

with horizom-
tal reduction
gear

1 stage (2 rows)

RBvaporator #l
Heat #2
Compressor

Single nozzle
steam injection,
adiabetic com=-
pression type

2 ejectors

2 ajectors

Evaporator Feed
Water Heater

Vertical surface

6.617

Inside trunk
diam 340

Heating area 2.315

m?

Ejoctor | 1st stage

2nd stage

Single nozzle
steam injection,
adiabatic com-
pression type

75 kg/hr
30

75 ke/br
30

Cooler lst stage

2nd stage

Air Bjector

Vertical
surface type

900 kg/hr
900 kg/hr

Ingide trunk
diam 560

Cooling area
Cooling area

Control Room Blower

Horiz. elect.
Shlokk type

0.5 p3/sec

011 Purifier

Hitachi MkS RO
open type

1300 1it/hr

Drain Cooler

Vert. surf. type

15

Covling area 20.8 g2

Feed Heater

Vert. surf. type

Leating area 21.9 mé

0il Cooler

Vertical inside
water, outside
oil type

Cooling area 59.98 m2

Gland
Steam
Cooler

Ejector

Single nozzle
steam injection,
adiabatic com~
pression type

250 kg/hr

Cooler’

Vertical surface
type

330 kg/hr

area (outside) 6.57 22
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~ AUXILIARY MACHINERY - YAHAGI (AGANO CLASS CL)

) . Cylinder or i
Turbine Pitoh Stages or Pump Fan '
Space . Nams Type Output Diameter (mm) Strokes (mm} Dismeter ' Ro.
Main Peed Pump Turbo-vortex 100 =3/nr 290 1 (2 rows) '3
i with horizontal :
reduction gear . :
Auxiliary Feed Pump Weir Dirsct 170 m3/nr 400 500 i
i Action (HDA) .
¥. 0. Atomizer Pump Turbo-screw with
vertical reduction| 12 m?/hr 180 1 (2 rows) 6
gear
Auxiliary ¥. O. Horizontal 1 wd/br 2
Atonizor Pump electric gear
L.0. with L.0. Turbo with 15 m3/nr 120 1 (2 rows) 6
oil cooler oil ; horizontel reduc-
pump cooler i| tion gear (geared | 36 m3/ar 120 1 {2 rows) '3
. vortex) .
Blowers 1 Turbo with 19 n3/sec 270 1 (2 rows) ‘12
. vertical reduction
gear
Botler | Auxiliary Blowers Horizontal 5 n’/sec 2
Rooms - electric Shlokk:
type -
PeB : Fire Vertical electric | 30 m3/hr 2
Pump Bilge Vortex type 60 m’/nr ;
F. 0. Heater Vertical bent Inside Trunk | Heating ares 4.04 m° 3
tube type 8 m3/nr diameter 340
Feod Heater Vertical surface |80 m3/hr Same 640 Heating area 36 m° i 6 .
type ) !
011 cooler Vertical inside 15 m3/hr Same 400 Cooling area 13.98 m? N
. water, outside :
oll type :
Machine Shop Blowers Horizontal 1 m3/sec : : 316 Py
electric axial :
flow type
Furnace Blowers . Horizontal 3 m3/sec i Rotor Lemgtk 2
[ra electric Roots | . and wldth .
type | 200 x 130 = -
Eleotric Motor Main Hydro-electric 70/30 m3/hr | Plunger 2
Hydraulic Pump plunger Diameter -
Manual Pump =, . 15/60 m?/br D a2 m
Anchor Enginef mectrio geared test speed Maximum shaft ! : 1
: type 9 m/min diemeter 320
Cooler' (refrigerator) ’ ; 1
Outalde :
of _ Ice Making Machine Compound carbon- |15,000 gal/hr : 1
Bngine |~ ic acid type H
Rooms * :
Turbo AC Generator Completely closed {KVA 400 ! -3
self-ventilating [V. 450 t
type A. 513 : ;
Diesel AC Gemsrator Completely closed [KVA 270 e
self-ventilating |V. 450 i
type A. 347 | !
F. 0. Transfer Pump Vertical electric |30 m>/nr ; Sy
geared type : : !
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Part V - 0YODO (CL)

This vessel was the latest CL built by the Japanese and followed the
general arrangement of six-boiler cruisers. The arrangement of the
main plant was very similar to ACANO class CL except that there were
six boiler rooms in OYODO compared to five in AGANO class, and four
enginerooms compared to three in the AGANO class. This was due en-
tirely to the centerline bulkheads provided in the forward boiler
rooms and the after enginercoms. In this connection it is interest-
ing to note that this vessel capsized. Further details concerning
the damage to this vessel are contained in NavTechJap Report, "Re-
ports of Damage to Japanese Warships, Article 1", Index No .3~06~1.
{1

The piping for providiﬂg the standby lubricating oil pump with steam
and exhaust from the adjacent space is shown very clearly in NavTech-
Jap Document No. ND50-1040, vEngineroom piping systems, 0YODO", plates
3'and 5. This arrangement of steam to lube oil pumps was typical of
_8ll Japanese naval surface vessels of cruisers and above. The boiler
room piping is shown in NavTechJap Document No. ND50-1039.

No documents on machinery design requirements for this vessel were
recovered. However, the following table translated from NavTechJdap
Document No. ND50-1039.1, "New Construction Machinery Trials, OYOKO",
furnishes much of the information usually found in the design require-
ments. The proposed increase in fire pump capacity shown in the.
following table is to be noted.

The trial summary as weil as one trial run contained in NavTechdap
Document No. ND50-1039.1 have been translated in the document itself.
Tables showing Principal Machinery Data for QYODO follow,

* Kk  k %k ¥k

CONDENSERS, BOILERS, AND PROPELLERS - OYODO (cL)

Condensers, nllmber ..I..'...GQG......0.‘.....'.G.OGI.'.....0...'..‘..0... four
cooling area, one ...IO..QO..I..Q.‘OO....O.II.....l..... 001986 mz

o tota]- ....O."....I.........'Q.........I..l. 966.19 m2

Boilers, type 00000060080 600606000000000000 00 Bureau RO, oil fired (air preheater
.......‘.......O...OO.G.I attached)

number OQ'..0.0..OG.....'l.oo....l....l‘d........0...‘0....‘..... six

- heating area, evaporator tubes (on superheater 8id€) sevesesss 810 m?

: e ~ (not on superheater side) cece. 171 m?

One boiler total ...0.'...........0....CD..O...' 981 m2

@and total ‘..Ol‘.........Q....O.'l..‘..'..‘.. 5886 m2

combustion chember VOlumMe ..cseecoecosscccsssscgrseccssosacses 39.8 n’

designed steam PreSSUre ceccsescesess 30.0 kg/cm2 {superheater outlet)
Propeners, number 'ee.....l...‘...Q..BO.'I‘G...I..O...........Oo..l..... four
diameter ..O............0....l....‘........i.............. 3600m

pitch ll'...........O....l...oﬂ.........ll..I..O.....ll}... 3960m§

developed area .......G..‘O....'.....IO..I..........Q... 7.5600 m

projected area ...IQ’..O......0'...'...i'.......ﬁ....ﬁl. 6.6008 m2

nlmber Of blades ...'........0...I.........‘...0...........0 three
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TURBINE DATA - OYODO (CL)

No. of Rows
Nozzles of Blades

Average
Area (cm?2) |Mov- | Stat, | Diameter

ing {mm)
820

102.34
206,26
243,96
327.40
379.60
474.50
592,55
Th5.65
947.836

800

800

850

850

850

850

850

SN ST N I SR RSP YU PN

850

627,204x2 ' 1350
943,.8x2 1352

LP | 1377.764x2 1370
Turbine

2111.254x2 1400
344L6,78Lx2 1400

Backing ‘ 69.300 1250
Turbine .

throat 530
28.458
outlet
56,100

Bureau 67.982
impulse ;

single
Tlow, 764520
cruising
two, and
backing 90.168

four.

107.352
132.3756 |

39




AUXILIARY MACHINERY - OYODO (CL)
Cylinder or Number of
Turbine Pitch Stages or Puzp Fan
Space Name Type Output Diameter (mm) Strokes (mm) Diameter Ho.
Main Condensate Pump Turbo-vortex 100 m?/hr 180 1 (2 rows) 8
: with vertical
reduction gear
Main Circulativg Pump Turbo-axial flow |8500 m3/hr 270 1 (2 rows) 4
with borizontal
reduction gear
L. 0. Pump Turbo-geared 125 md/hr 180 1 (2 rows) 8
with vertical
reduction gear
Drain cooling Pump Vortical electric |60 mi/hr 2
, vortex type .
Lube 0il Purifier Hitachi Mk. 5 D 1300 1trs/hr 4
open type
qurbine |Turbo-axial flow |9 m3/sec 180 1 {2 zows) Py
with horizontal
B Supply reduction gear
Electrio |Horizontal 9 ma/sec 4
Flectric axial
Blow~- flow type
ers
Turbine |Turbo-axisl flow |11 m*/sec 180 1 (2 rows) s
with horizontal
Exhaust reduction gear
Rlectric {Horizontal 11 m3/sec 4
eleotric axial -
flow typs
Engine | Control Room Blower Horizontal 0.5 m’ /aec 1
Room electric Shlokk
type
ras Fire Vertical electric |30 m3/hr 2
Pump Bilge Vortex type 60 m’/hr
F. 0. Tranafer Pump , VYertical a2lectric |30 m’/hr 1
i geared type
Bjector 2-gtage, triple 180 kg/hr 1
steam injeotion
type
Alr
Ejec- 1t Stage 900 kg/nr Inside Trunk | Coocling area 20.9 m? 4
tor Vertiocal diameter 560
Cooler |———{surface typse —_—
. 2na Stage 900 kg/br Ineide Trunk | Cooling area 20.9nf 4
_ diemster 560
011 Cooler Vertioal, inside |125 n’/hr Inside Trunk | Cooling area 74.3 2 4
’ water, outside diametor 840
oil type
Fesd Heater Vertical 136 =>/hr Inside Trunk | Heating erea 21.9 o? 4
surface type diameter 510
Evaporator Bureau type 96 tons/hr Inside Trunk | Heating area (outside) 2
alametor 1450 | 29.06 »°
Water
Haking| Heat Mark 1 Single nozzle 990 kg/hr 4
Plant | Compros- steam injection,
ger for {Mark 2 adiabatic compres-|620 kg/hr 4
Evapora~ sion type
tor
Distiller: Vortical 96 ions/day Inside Trunk cooling area (outside) 2
surface type dismeter 470 | 7.22 w
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AUXILIARY MACHINERY - OYODO (CL)

(CONT*D)

Type

Cutput

Cylinder or
Turbine Pitch
Diameter (mm)

“Nuzber of
3tages or
Strokes (mm)

Ejector
Alr 1

Bjector
for

Singioe nozzle
steam injection
adlabatic compres-
sion type

7 tons/day

i

Distill-
er. Cooler

Vertical -
surface type

24 kg/hr

Insides trunk
diameter 160

Cooling area (outside)
0.454 m2

Feoed Heater

Horizontal
surface type

6.67 n3/nr

Inside trunk
diameter 340

Heating area 2.315 m2

Drain Cooler

Vertlocal
surface type

116 n’/day

Inside trunk
dlameter 340

Cooling area 7.22 m?

Circula-
ting
water

Brine

Fresh
water

Turbo-vortex
with horizontal
reduction gear

140 mB/hr

14 nd/nr

7 m3/hr

Drain Cooler

Vertical
surface type

15 m3/hr

Inside trunk
dlameter 460

Cooling area 20.8 m2

Bjector

Gland
Stean
Cooler

Single nozzle
steam injection
adiabatic compres-
sion type

250 kg/hr

Cooler

Vertiocal
surface type

330 ke/hr

Inside trunk
dlemster 320

00011n§ area (outside)
6.57 m

Majin Feed Pump

Turbo=-vortex
with horizontal
reduction gear

125 m3/hr

2170

1 (2 rows)

Auxiliary FPesd Pump

Weir direct
aotion type (HD7)

85 n3/hr

550

F. 0. Atomizer Pumps

Turbine-sorew
type with
vertical reduc-
tion gear

16 m’/hr

1 (2 rows)

Blozers

Turbo-axial flow
with vertical
reduction gear

22 n’/sec

1 (2 rows)

945 mn

Auxiliary Blowers

Horizontal
eleotric Shlokk

.| bype

7 n3/aec

750 o

Turbo=geared with
horizontal
reduction gear

15 m3/hr

Ccoling
water

Turbo-vortex type
with horizontal
reduotion gear

36 m}/hr

Gear pitch
diameter 45

1 (2 rowa)

110 mm

0il Cooler

Vertical, inside
water, outaide
oll type

15 md/nr

Inslde trunk
dlameter 400

Cooling area 13.98 m®

Poeed Heater

Vertical
surface type

100 o3/nr

Inside trunk
diameter 610

Heating area 43,7 n?

F. 0. Heater

Vertical bent
tube type

11 w’/hr

Inside trunk
diameter 360

Heating area 5,088 m2

F&B

Pusp

Vertical electric
Vortex type

e,
2 M
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AUXILIARY MACHINERY - OYODO (cL) (CONT'D)

Cylinder or | Number of
i Turbine Pltch! Stages or Pump Fen
Name % Type Qutput piameter (mm) Strokes (mm) Diameter

Foxrward Anckor Engine Flectric geared Test load - 32.25 ton Chaln
and Instailetion tyre Test speed - 9 880 dlameter

; . Plunger | Hydro- Rapson Torque (m-ton)|Turning Plunger
Main electric sllde speed diameter
Rudder Forward-full
Engine .} Hydro- Plunger Jonne power 74.5 100 Plunger
Outside electric | type {12)~-2 Backing full 30 sec diameter
pump || power 117.89

of

Engine

Room = | TForward 30 md/hr . Gear pitch

F. O. Vertical diameter 75

Transfer electric geared |

Pump Aft type 30 m?/br Gear pitch
. dlamatar 75

Maohine Shop Blower Horizontal 1 m?/sec 316 mm
electric axial
flow type

Furnace Blower Horizontal 3 m’/om Rotor
electric Roots ) diameter 200
type !

> Planned sdditions end improvements after completion of the ship are as follows: (1) To 1lnstall one condensate
and exhaust (air) pump in each of the forward enginerooms, port and starboard, (2) to modify the number and
type of fire and bilge pumps as follows: (a) to modify the type of one of those presently installed in the
boiler room, (b) to put one more in each of the forward enginerooms, DOTU and starboard; and (3) the principal
data of this planned additiomal and improved machinery are as follows:

Conden- | Vertical electric 224 mm -
Condengate sate vortex
and Exhaust
Pump Exhaust | Vertical electric . 190 mm
Erumo type

Fire Turbo-vortex :
Bilge with vertical 1 {2 rows) 320 mm
reduction gear

Boiler Fire Turbo-vortex ' 1 {2 rows) 320 ma
Room Bilge with vertical !
reduction gear

REDUCTION GEAR - OYODC (cL)

Average |Outside Center |Reduction
No.of-| Diameter | Diameter Distance Ratio
Name Teeth (mm) (mm) (mm)

Bull Geeaxr L38 |2528.80 | 2538.80

HP Pinlon Gear Kl 236.71 246,71 | 1342.79

IP Pinion Gear Ll 254,03 | 264,03 |1101.60

LP Pinion Gear Ol 369.50 379.50 | 1048.82
Cruising Bull 141 | 569.85 | 576.85
Cruising Pinion 35 14145 14845 355,65
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Part VI -~ TERUTSUKI (DD)

This vessel was typical of the latest Japanese destroyer design: two
engine rooms and two fire rooms; three boilers, two in the forward
boiler room and one in the after.

In general, the systems were typical of Japanese design except that a
firemain ran throughout the machinery spaces instead of rising straight
to the upper decks as in the case of cruisers and battleships, More-
over, the only drainage provided in the boiler rooms was by steam educe
tors,

The conventional open funnel type of fuel oil filling system was absent
also. One system was used for suction end discharge. There was alsc

provision for ballasting although all Japanese naval engineers denied
using such a system.

Note, in this type of vessel too, the provision of standby steam and
exhaust for the lubricating oil pumps in the engine rooms and the cross
connection between the lubricating systems themselves in the boiler rooms.

The piping éystems in the boiler and engine rooms are shown in NavTechJap
Documents No. ND50-~1041 and ND50-1042,

A copy of the "Machinery Design Requirements", NavTechJap Document No.
KD50-1027, has been translated.

* % %k  x %

TRANSLATION OF THE MACHINERY SPECIFICATIONS FOR ONE OF THE DESTROYERS
OF THE TERUTSUKI CLASS

Navy Technical Department, "Military Very Secret"
Class 360 Ship Engine Specifications
Initiated October 1941. General specifications follow those of Class 104.
The difference in detail are as follows:
l. General - greater use has been made of substitute materials.

2. Main engines - modificétion has been made in the fittings, such as nuts
and bolts,

3. Bolilers =

a, Emergency {(T.N.-not clear) are employed except. for twin tubing and
the superheater tubing.

b Superheater steam tuﬂés do not pass through the steam drums.
Auxiliary engines '

a, Main water pumps are of the auxiliary thrust bearing type.
b. The heating coils in the evaporators have been mcdified.
Valve cocks on piping

a. Substitute materials are employed as far as possible. For the low
pressure, welded steel plate valves have been adopted.
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l.

be Standard valves are used as far as permitted by the change in
specification of couplings.

¢, Pistons of bulkhead stop valves have been remodeled to permit ease
of opening for inspection.

Table of Contents,

General .
Engine layout
Main engines
Water condensers
Shafting and propellers
Boilers
Stacks and uptekes
Miscellaneous equipment
Auxiliery machinery .in the engineering spaces
Auxiliary machinery outside engineering spaces
Repair facilities
official trial trips
13, Estimated welight of engines

General

Under forward test conditions this engine develops 52000shp (cheval vapeur),
at a displacement of 3470 tons. At normal speed (18 knots) the fuel con-
sumption comes to within O.4L6 kg per hour per shp. In other respects, too,
{t responds well to war demands.

2.

Engine layout

he main engines have two shafts, each geared to its own main turbine. Xach

urbine is further geared ising turbine. The port shaft runs to

the forward engineroom and the 8 he after englineroom. There
are three bollers, two in the forward boller room, one in the after boiler

00 o

3o

Main engines

8. General arrangement - the main engines consist of high:pressure,
intermediate pressure and low pressure turbines geared to & single shaft.
The astern turbine is in the low pressure turbine cesing. In each case
the high pressure, low pressure, and intermediate pressure turbines are
connected to the reduction gear. The two cruising turbines are coupled
to the intermediate pressure turbine through the eruising turbine redue-~
tion gear and & claw coupling. The exhaust steam of the cruising tur-
bines is led directly to the steam chamber of the l1ow pressure turbine.

b. . Power and RPM of the mein engines: When moving forward under ordin-
ary steam the mein engines turn the screw at 34,0 RPM, each shaft develop-
ing 26,000 shp (cheval vapeur), totalling 52,000 hp.

The cruising turbine, when turning the shafts 163 RPM, develops 2700 hp
in each shaft, totalling 5,00 hp. However, when overloaded, they will
give 185 RPM and develop 3900 hp in each shaft, totalling 7800 shp; when
used in conjunction with the main engines, they will achieve 26 knots,
that 1s up to 24k RPM, 9250 on each shaft, a total of 18,500 hp.
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The total power of the astern turbine is 5000 bp for each shaft, totaling
10,000 hp, Below is given & table showing the RPM and S.H.P. developed
under the various applications of power:

Power Used S.H.P. RPM Notes

Specified full power 52,000 340 | fuel/hr/shp-0.36 kg or less

|Overload full power 54,600 347

Full cruising power 4 5,400 163 |fuel/hr/shp-0.46 kg or less

Overload cruising power 7,800 185

Permissible cruising'power 18,500 24

Full power astern 10,000 198

\

Ce Steam temperature, pressure and steam consumption of the main
engines:

LI ‘ Steam Chest Steam
Pressure Steam Vacuum |Consumption
Power Used (kg/sq. cm) | Temp (°C)| (mm Hg (kg/shp/hr)

Specified full power 26 335 700 or |3.75 or less
N - more

Full power asteri: 21 645 0r [9.0 or less
more

Full cruising power 26 725 or |L.5 or less
- more ~

L« Condensers
Single pass surface type are mounted one for éach shaft.
5 Shafting and propellers

- = 8. Shaft systems are made up of the first intermediate shaft, the
thrust shaft, the second intermediate shaft (port side only),. the stern
tube shaft, and the propeller shaft. The  claw type rotary brak'e mounted
on top of the joint of the connection between the stern tube shaft and
the intermediate shaft is able to hold the shaft at half the full power
torque, ' )

bo Thrust bearings - Mitchel type bearings are used and the pressure
exerted against each square centimeter of the white alloy thrust bearing
collar must not exceed 20 kg. This complete thrust system will be mount-
ed on the first ship of this type.

C, Propellers - the propellers will be made of manganese bronze. The
general spacifications are as follows: diameter - 3650 mm, pitch - 3860
mm, developed area - 7.270 sq. m, weight - 8500 kg.




$5-01-4 - : RESTRICTED
|

The ship has three Type RO heavy oil fired boilers, which are equipped with
superheaters and air preheaters., Two boilers are mounted in the forward fire-
room and one in the after fireroom. Boiler rooms are of the open type. The
general specifications for a single boiler are as follows:

6. Boilers

Steam pressure, steam drum teevesesessscasssssescassasssaces 32 kg/sq. cm
Superheater 09080080080 C20000800000000600000079 30 Kg/sq. com
Steam temperature '.."..'.....'...'.'...0‘.............‘.'....... 350 oc
Rete of combustion, specified full POWSL ecesseccescceccccs 6.7 kg/sd.
Heating surface, generating and superheating cececcccccccscece 955.,0 sq.
ailr preheater e 00000088 00000000000000000800 1027.2 8qG.
Com'bustion chamber volume .ooooo.o.oooaoo.-.oooooe--oboo-oooo.oo 38 Cle
Blowers, Bureau Type 16 $000000000000000000000000000030000004800000¢ Model

0...0',.0."0'.0.........OQOOQOGQOQOQQQA‘.. Model

B‘lrners, Meau Type 15 ........C.0.0.....O......O..DQGI'..IO..Q.. MOdel 5
7. Stacks and uptakes .
There shall be one funnel to which the smoke outlets from each boiler shall be
connected. However, the interior of the funnel shall be divided into separate
divisions for each boiler.
8. Miscellaneous equipment
The water feed apparatus shall be a closed feed system.

9. Auxiliary wachinery in the englineering spacesa

The engineroom auxiliary machinery will be of the following type and quantity:

Name Type Quantity

Circulating pump Axial flow, turbo-reduction 2
: gear drive

Condensate pump Vertical, centrifugal, turbo-
reduction gear drive

Alr ejector Dual bank, triplex, injection
' ' type

Lubricating oil pump Vertical, gear pump, turbo-
reduction gear drive

: Suiply vent Axiel flow, turbo-reduction
gear drive, horizontal

Exhaust vent Axial flow, electric, horizontal
Fire and Bilges Pump Vertical, electric, centrifugal

Cruising feed pump Centrifugal, turbo-reduction
gear drive '

Portaple heavy oll pump Horizontal, gedr, @lectric
driven

Evaporator _ Bureau Type

Eveporator pump o Combine pump

46




Boiler water

0il purifier
01il cooler

Feed water hsater

Equipment for boiler room:

Name

Main feed ﬁump

Auxiliary feed pump

Blower

Fuel o0il service pump

Ignition pump

Lube o0il and lube oil
cooler pump

Feed water neater

01l cooler

Horizontal, electric drive
gear pump

Electric centrifugal

Vertical, internal oil,
external water

Vertical surface type

Type

Horizontal, centrifugal,
turbo~-reduction gear drive

Weir reciprocating

Vertical, reduction gear,
turbo-drive, axial flow

Vertical, screw type, turbo-
reduction gear drive

Electric gear type

Turbo-reduction gear, combine
pump; oil-gear, water-centrifugel

Vertical surfgce

Vertical; internsl water,
external oil

The spring bearings on the shafting are self-lubricating.

10,

Auxiliary machinery outside the engineering spaces

8, Rudder mechanism - the steering engine is an electrically driven
hydraulic plunger type and it is capable of turning the rudder from hard
port to hard starboard ( or the opposite); that is, the rudder angle can
be changed 70 degrees, in 30 seconds against a maximum torque of 45.6
meter-tons when going full speed astern.

The hydraulidicylinder is the four-plunger type and it is equipped with
two electrically driven hydraulic pumps having the capacity required for

the above,

In addition, it is equipped with a small model manual hydraulic pump which
can operate the rudder at speeds up to 30 knots when the electric pump is
inoperative, . ’

be. Anchor windlass - the windlass is driven by a two-cylinder reciproca-

ting steam engine.

It is capable of hoisting 19.5 tons at the rate of
nine meters per minute,
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11. Repair facilities

In the efter engineroom there i{s a universal machine used as a lathe, milling
mechine and drill press. There is also an electrie-drill, On the upper deck
there is & set of welding tools, and, in addition, within the ship there are
the ssme repair facilities as on a shandard first class destroyer.

12, Official trial tripén

8. = Method and type of trip - the official trial trips complied with the
rules esteblished for the servicing of ships and the Chief of the Navy
Technical Departmant‘handled the detalls.

be Method of using auxiliary exhaust steam - it was standard procedure

on all types of trips to use the auxiliary exhaust steam to heat the feed
water. It was led off to the main werner condenser when under full power

and full cruising power, since there was an excess, and used in the main

turbine under other circumstances.

Co During the official trial trips and the various other tests, distill-
ed water with a salt content of three parts per million or less was uséd
as feed water. At standard speed, whenever it is possible from the
stagdpoint of safety, economy ot fuel should be attempted.

13. Estimated welight of engines

The estimated weight of engines (in metric tons) under official test conditions
is as follows:

Main engines ...".........‘..............'.°...Q....‘..ﬂ."..ﬂ.'..ﬂ' 215
Shafts and propellers 50069800800 0080089000000000006008090808000000ns00000 92.5
Auxiliary machinery o.oonooo.occo.ooocooo-coo-on-o'o---on-aoc.o.o.-o 55.5
Boilers .Aoooooo-o...o...o.ooo.o..oco.ooolonnonlooo..l.o.oooo.--..- 195.5
Smoke stack and flues 0000."0000.0400000.0.lc..laocce-uc'oooo-.uonono 13
'Pipes‘, valves and cocks Q'b.’v'.....'...o.e3....9.00.0...ODOCODD.lt...‘ 97
Miscellmeous .....'...‘....'..'..‘....'..6'..'&.'0'.’0.'..""..';..'
water ﬂ.’ﬂ..0........0........‘...........o.......ﬂ....'.........‘.....
o1l .o.oo'ooaoeonooo-o-qnoo.oooooooooooooooo-oooo-ooeoo...o.oeo.-.o--o 5.5
Total oaooomoo‘o.o.ooooo.o«o.o..olo.oocoo-oooo’?zhos without water and oil
o..-Dl...0.'......000000.00.00000.o.no.tcc 808.0 with water and oil

End of Specifications
*x ok k kX
The following tables of machinery installed, with certein pertinent

cherscteristics, are furnished for general information. These tables
were translated from NavTechdap Document No. ND50-1041.1.

* ¥ %k * %
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TURBINE DATA - TERUTSUKI (DD)

No. of Rows

Nozzles of Blades
Average
Name Type Stages | No. |Area (om?) |Mov- | Stat. | Diameter | REPM
ing (mm)
_ 1st | 28 95,788 | 2 1 800
HP Impulse
Turbine | single 2nd 46 213,348 | 1 780 3,618
flow, 2
rd | 46 253,846 | 1 780
1lst 58 298,032 1 980
B 2nd 56 375,256 | 1 980
Inter- Impulse
mediate | single 3rd 56 485,632 | 1 980 3,003
Pressure { flow, 2
Turbine Lth 56 655,760 | 1 980
56 873,040 | 1 980

Low
Pressure
Turbine

Double flow
impulse
(single flow
backing
impulse), 2

T4 658,230

each

130C
each

1,017,900

1300
each

164,556

3rd Th 1,767,860 | 1 1300
fore each each
and...

-3 &+

Lth | =
fore | 138 | 3,116,454 | 1 1300
and each each
Back-| 36 throat 3 2

ing 51,192

outlet

1,522

throet

13,760 each
outlet
16,408
Crulsing
High Impulse 2nd 22 36,542 } 1 345
Pressure | single "
Turbine | flow, 2 3rd 22 42,262 | 1 350
Lth 2l 49,920 | 1 360
5th 2 59,904 | 1 370
1st 3k 78,642 | 1 570
2nd 34 102,068 | 1 570
3rd 34 138,856 | 1 570
Cruising | Impulse
Low single 4th 34 211,378 | 1 570
Pressure | flow, 2
Turbine 5th 34 318,104 | 1 570
6th 8, | 500,304} 1 570
each each
fans fans
nozzle nozzle

7,746
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TURBINE DATA - TERUTSUKI (DD)

Nozzles

No., of Rows
of Blades

Stages

No.

Area (om?)

Mov-
ing

Stat.

Average
Diameter
(mm)

.m'
Turbine

1st

28

95,788

2

800

2nd

46

213,348

780

3rd

46

243,846

780

Inter-
mediate
Pressure
Turbdbline

1st

58

298,032

980

2nd

56

375,256

980

+ 3rd

56

485,632

980

4th

56

655,760

980

5th

56

873,040

980

Double flow
impulse
{single flow
backing
impulse), 2

lst
fore
and
aft

74

658,230

1300
each

1,017,900

1300
each

1,767,860

1300
each

3,116,454

throat
51,192

outlet

164,556

throat
13,760

outlet
16,408

36,542

42,262

49,920

59,904

Cruising
Low™”
Pressure
Turbine

78,642

102,068

138,856

211,378

318,104

500, 304
each
fans
nozzle

B I BN T R [P RIS TS




REDUCTION GEAR - TERUTSUKI (DD)

RESTRICTED

Neame

Teeth

No. of

Average
Djameter
- (mm)

Outside
Diameter
(mm)

Center
Distance
(mm)

Reduction
Retio
(mm)

Bull Gear

415

(2395.21)
2396.01

(2405.21)
24,06.01

1

HP Pinion Gear

39

225.17

235.17

Vertical
280
Horizontal
(1279.921)
1280.33

10,641

IP Pinion Gear

271.35

Vertical
550
Horizontal
(1102.332)
1103.816

LP Pinion Gear

311.77

Vertical
920
Horizontal
(992.741)
993,287

7.685

.| Cruising Bull

594.10

601,10

8-830

Crulsing HP Pinion

3l

125.29

132.29

359.7

41.872

Cruising LP Pinion

kb

177.82

184.82

385.96

29,501

CONDENSERS, BOILERS, AND PROPELLERS -~ TERUTSUKI (DD)

Condensers, number a-oooa-oo.-oo
cooling area, one,

heating area,

total @900 eOIENSIISIROOEOSSIB OSSO O

BIr cescvecccrcns

. Srand tOtal secesccsERTOERDOESSE SN LS
Boilers, type 0'QO.IQ........0'.............OH....0-0..0..

.00'00.0.0.00.0Q.otnc..'.'olloo..o-

condensate W&ter o0ecoceasrOPPeTS

svesncs e two
(728.08) mé

" EEEEERERENRIERE NN AR N 727.39 o

Mark 3B Model 17 RO
number .-.no.o.oooctoooot‘-coa..-oocuc-onoooo--onco-.ooo-o.oo.-o--c
evaporator tubes o..ooo-o-oo.oooooooo-ocooo.--o-.
Superheater tubes .....‘.Q......'..U...'Q....'.'
one boiler total .---.0&.'00..0000.l...OIl..O...
grand $008) ocecssccccsececsnsceceoscsssssccscnnd
fire box Volume, one boller cecesccsesvscscnsccosessrssnvsccene
total G..'..l........0.......0........'....
Propellers, (ecual pitch), NUMDET cececesccccrece

i dimeter .....'.....D.'.'..
pitch .............00.......""..
developed area .....Q'0....‘........0....
projected Are@ ....cosceessccscccccscnsne
nlmber of blades ...ﬂ....'...'...."ﬂ..‘....~..

seoeessstoesssnRente (157.28) m2
'Y EEEEX NN NN NI 156.93 m2
sesecveve (885.36) m2

88l .32 mR
1769,68 m?

two
787 m?
166 m2
953 m?
2859 m?
37.8 m3
113.4 m?

......0.....'...0..-.'... two
evscesesnscssese 3.650 mm
meceseee 3.720mm

7.6275 m%
6,7200 m
three
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AUXTILIARY MACHINERY - TERUTSUKI (DD)

i Cylinder or Nurber of
Turbine Pitoh Stages or Pump Pan
Space Hame Type OQutput Diameter (ma) Strokes (sm) Dianater
Condensate Pump Turbp-vortex 100 n’/hr 186 1 {2 rows) 280 mm
with vertical
rsduotion gear
Water Circulating Pump Turbc-axial flow {8,500 m3/hr 270 1 (2 rows) 136 =m 2
with horizontal
reduction gear
Lube oil Pump Turbo-Gear with  [125 m3/hr 180 1 (2 rows® Gear pitch
vertioal reduction { dianeter B0 4
gear
Oruising Fesd Pump Turbo~vortex 50 m3/hr 270 1 (2 rows) 250 za 1
- with horizontal
reduction gear
Fire and Bilge Pump Vertical electric |Fire 30 m3/hr 164 = 2
: Vortex type Bilge 60 m’/hr
Fuel 0il Transfer Pump |[Vertical electric {30 m3/hr Gear pitch
. gear type dianeter 75 1
011 Purifier Hitachi Marx 50  [1300 m/sec 2
open type i
Supply  |Turbo-axial flow |16 m3/sec 180 1 (2 rows) I 945 m 2
with redustion
Blowers gear
Exheust |Horizontal 19 n3/sec 995 ma 2
elestric
) axial flow
2vapor- |Bursau 96 tons/day Inside trunk Heating, (outside) area 1
ator diameter 14.50 29,06 m?
Engine
Room Heat Com-!Single nozzle Mark 1 940 o I
prosser |ateam injeotion, [mi/hr ﬁ
for evap-!adiabatic compres- k IT 59 . IT
orator aion type /br
Foed Horizental 6.67 o3/nr Heating area 2,315 1
Heater surface type
for evap-
orator
H Water Distiller|Vertioal 96 tons/day Inside trunk | Cooling area (outside) 1
| surface type dlameter 470 | 22.31
' Plant
Ejeotor |[Bingle Nozzle, 7 tons/hr 1
Alr stean injeoticn,
Ejeotor adiabatio compres-
on dis~ aton type
tillexr
Cooler |Vertlcel 24 tons/hr Cooling area {outaide)
surfece type 0.454 m2 1
Drain Yertical 116 m3/day Inegide trunk Cooling area {outside)
Cooler surface type diamster 340 | 7.22 » 1
AuxiliaryTurbo-vortex Ciroulating 120 1 {2 rowms) Circulating 1
Pumps with vertical 140 a3/nr 205; Brine 215
redustion gear Brine 14 m3/hr Presh water ad
Fresh water
7 wd/hr
Ejector |Parallel 2-stage |180 tonms/hr 2
triple steam
Alr injsction type
Ejector
Cooler Vertioal 900 tons/hr Cooling area sutaide) 2
surface type 1 stage 20.9
2 stage 20.9 w2
041 Cooler Vertioal, inside |125 m3/hr Inoide trunk 00011n§ area {outsids) 2
water, outaide dlameter §40 | 74.3 m
o0il type
Feed Heater Vortical 130 nd/hr Inside trunk Hoatix area (insido) 2
surface typs diamoter 510 | 21.9
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AUXILIARY MACHINERY - TERUTSUKI (DD) (GONT'D)

Cylinder or
Turbine Piteh
Diameter (mm)

Number of
Stages or

: Pump Fan
strokes {mm)

Output Dlameter

125 m3/hz

Mein Feed Pump Turbo=-vortex
with horizontal

reduction gear

Weir (ED6)

270 1 (2 rows) 305 m

84 m3/hr
22 md/sec

500
1 (2 rows)

280 mz
945 mm

Auxiliary Feed Pump

Blower Turbo-axiel flow
with vertical

reduction gear

Puel 041 Injection Pump |Turbo-sorew 16 n3/nr
with vertical

reduction gear

1 (2 rows)

Lube_oil

15 xﬁ/nr

Cooling water
6 md/hr

Turbo-geared
vortex type
with horizontal
reduction gear

1 (2 rows) 10 gear pitch
diameter 45

water, 110

ube 0il Cooling Water

Boller
Room '

Horizontal 0.5 m5/hr

Gear pitch
electric geared

Fuel 01l Ignition Pump o 8
diemeter 32

Horizontal 10 n®/nr Cear pitch

F;IIar Filooding Pump

elactrioc geared

diameter 65

‘{Boiler Room Feed Water
eater

Vertical
gurface type

§0 m3/nr

Insida trunk
d1ameter 600

Heating areez (inside)
37.2 m

el C1il Heater

Vertical bent
tube type

11 w/nr

Inside trunk
diemeter 360

Heating arsa (inside)
5.088 m?2

011 Cooler

water, outside

Vertiocal, inside

15 m3/hr

Inside trunk
diameter 400

Gooling area (outride)
13.98 m2

oil sype

Vertical 2-piston
type

Test load 19.5 tons
Anchor Engine’ Winding speed 9.0 m/sec

and Installation
a

Rudder turn-
ing speed
1709/30 sec

70°/30 sec

Hydro-
elactric
plunger
type

Plunger Plunger Plunger stroks 840.24

Rudder Adiameter 250

{Engine

and
Installa-
tion

Main
Hyd.Pump

Manual
Hyd. Pump

Model 6 or stroke volume

liter/sec
120

Rudder torque

Plunger
M0mn

Pl
218. dlameter 34

Vertical
2~0ylind-|
or

Plunger
diameter 60

X ok Kk X R

The following summaries of trial runs have been translated from Nav-
TechJap Document No. ND50-1041.1, and are furnished for information
without discussion.

* % * ¥ %
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TRIAL TEST SUMRY = AKITSUKI - (TERUTSUKI CLASS DD) - PART I

] Pull Tricl Power Overload
l‘—‘ Fall Power
Tims of Test

Leaving
Port 8/10 | Measurecd | 1 hr run | Measured | 3 hr rea

Tore 4.18
Al 4.12
Draft

(=) | Averege 4.15
Center ’ 4.19
Displacesent (tons) 3,501
Yore ' 4.15

Dl'.‘m AfTS 4.13
m)

Aversge 4.14

Time of
Acoept~ |Displecexent (tons) 3,469
auce run

Sea Water Temperaturs 13 °¢

Maximum Cross Section
Below Waterline (m<) 42,25

Fuol Carried (tons) b 1.42

Speed (knots) 17.5 33.39
Actual Horaspower 10,172 52,195 54,315
Sheft revolutions per minute 200.5 343.00 346.4
Puel consumed (kg/shp/hr) 0.905 0.352 0.358

Fuel consumed per unit ting
surface per hour (WOBE?:r) 3.22 6,43 6.82

por ton of fuel 1.90 1.81
Crulsing

Distance por totel load
of fuel

T

1,970 1,817




TRIAL -TEST SUMMARY - 'AKITSUKI -

'Leavi;gw

Port
4,17

4.13

Leaving
Port

4.15
4.15

RESTRICTED

(TERUTSUKI CLASS DD) - PART II

Full
Power

gtandard
Speed

R X Entering
Time of Test Port

4.05

4.12

Leaving
Port

4.16
4.11

1]

Tims.df Test

Entering
Port

4.13

4.11

4.09

4.14

4,12

4.09

4.05

4.12

Displacement. (tons)

3,415

3,414

3,473

3.451

Pore

Dfaft

m) |AfE

Average

Displacement (tons)

Sea Water Temp.(°C)

14

Maximum Cross Sec-
tion be}o- water
1ine (%)

42,2 | 42.1

42,06 141.98

42,22 |42.22

42.15

Speed (knots)

26.71 |30.04

27.81 [26.11

20.99 {16.26

12.27

Actual Horsepower

17.995

Shaft RPY

Fuel Consumed (ks/snp/hrf

243,17 |288.2

31,595

21,845|19,120

7,704 (4,839

1,46Q

258.4 |280.0

187.9|161.2

106.3

0.392 |0.374

0.394 10.377

0.40210.430

0.745

Fuel Consumed per unit

Heoting Surface per hour
kg/om2/br)

3,70 | 4.1i3

4,52 | 3.79

2.18

Por ton of
. Fuel
Cruising

3.78

1.14

3.23 | 3.61

8.74

11.2

Distance
{naut. m.)

Per Total -
Load of fuel

3,919

3,349

11,610
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Part VII - KAGERO Class (DD)

The machinery In this vessel was very similar to that in TERUTSUKI
class, However, the arrangement differed in that there were three
. boiler rooms with only one engineroom and an auxiliary machinery
space abaft the engineroom. -

Even though both engines were in the same space, the piping systems
provided for complete segregation of the two plants except when all
three boilers were in use and it was necessary to split the load of
boiler No., 3. It was intended that each group of engineroom auxili-
aries would obtain its auxiliary steam from its own main steam line.
A copy of "New Construction Trials" NavTechdap Document No. ND50-
1043.1 has not been translated because of the similarity between the
machinery plants of TERUTSUKI and KAGERO classes.

The followlng is a translation of the machinery design requirements
for KAGERO class.,

* ok ok ok ok
SUMMARY OF THE ENGINEERING SPECIFICATIONS FOR THE TYPE 112 MAVAL VESSEL
Navy Technical Department, Very Secret, No., 15-5.
Instructions for handling this document:
a, This document must receive "Military Very Secret" handling.
be This document must not be copied, abetracted, or transferred to
other persons and must not be shown to persons not connected with the

v wOI‘kc

‘¢, When finished using this document, it must be handed in immediately
to the Chief of the Navy Technical Department.

HISTORY

Proposed September 1939 - However, the type of windlass, make, the weight of
the engines and the engine terminology were revised.

‘Table of Contents

Hull dimensions
Operating tests
. General layout

‘Main engines )

Main condensers
Shafting and propellers
Boilers

Stacks and uptakes

Feed water system
Auxiliary machinery in the engineering spaces
Steering mechanism
Windlass mechanism
Repair facilities
Welight of engines




§-01-4 , RESTRICTED

1, Hull dimensions
At the time of the official trial, the hull dimensions were:

Length ata_ Waterline .ccsecccescccecesccevenscnsceecsasssscsnsese 116.20111
Bem'....’......‘.'...0............‘00.....0....".0.‘.......'.'.. loosom
Draft .ooooooo.oooo-oaoccoooooooeo..ooooooo-oo-oocoooooo'o--o-ooo 3.755 m

Displacemant .o.oo.cocoooo-oooo.ooooooooouono.o..ooooooo 2500 metric tons
2. Operating tests

Plens and types of operation ~ operating tests shall be in accordance with
the regulations for the construction and repalir of naval vessels, the details
to be indicated by the Chief of the Navy Technical Department.

a. Methods of using auxiliary exhaust steam - all types of operation
make provision for the use of the asuxiliery exhaust steam in the feed
water heaters, the remainder to pass to the main condenser when on
official trial, or to be utilized in the main turbines.

be. The water supply necessary for getting up steam for operating and
other tests shall be distilled water with a salt content of three parts
or less per million.

Ce The operation of the engines at standard speed shall allow for the
following conditions:

(1) Main engines - use the cruising turbine.
(2) Boilers - use one boiler.

(3) The main engines and the auxiliaries connected with the bollers
shall be kept at the minimum necessary for power required consistent
with the number of main engines in use, utilizing one feed pump and
one blower per shaft.

(1) Previous allowance shall be made for not using auxiliary mach-
inery not connected with navigation, except those referred to in the
preceding paragraph and except for the use of the minimum number of
generators and blowers.

(5) One internal combustion generator will be used for generating
power. Vhen there is insufficient power, diesel generators and
turbines shall be operated simultaneously.

d. In the final tests, the supply of feed water shall be obtained by
means of the evaporators. Lubricating oil which was used for pressure
feeding prior to operation shall be replaced by new oil in order to
carry out completely accurate tests. ‘

3e General layout

The main engine is made up of HP, IP and LP turbines coupled to the shafts by
reduction gears; two shafts being mounted in each vessel.

The astern turbine shall be attached to the front part of the housing of the
low pressure turbine. The reduction gear and clutch mechanisms of the two
cruising turbines shall be coupled to the intermedlate pressure turbine. The
exhaust steam of the cruising turbines shell be transmitted directly to the
steam chamber of the low pressure turbine.

56




in engines for propulsion shall be 26,000 hp for
total of 52,000 for both shafts, when operating at 380 Rpu,

» Or a total of 7000 hp,
they will achieve up to 228 RPM

*

The specified power of the astern turbines shall be 5000 per shaft, or a total
of 10,000 hp with the pPropellers operating at 220 RPM,

Steam pressure, temperature, and consumption:

Steam Chest F_f Steam
Pressure Steam Vacuum Consumption
Power Used (kg/cmR) Temp (°C) | {mm hg) (kg/shp/hr)

Specified full power 26 : 335 700 3.75 or less

Total astern power 21 330 , 645 9.0 or less

Total ahead power 26 335 725 L.3 or less

5. Mein condensers

The main condensers shall be of the single-pass type, one being attached
each low pressure turbine,

" 6. Shafting and'propellefs

The shafting consists
second intermed

The thrust bearings are of the Mitchel type. The pressure on each sq., c¢m of
the thrust face shall not exceed 20 kg. The first ship of the class shall
have a thrust indicator installed,

The propellers are made of manganese bronze.

~ 7. - Boilers

) The boilers have superheaters and sir Preheaters, RO type boilers are install-
ed, a total of three, one in each fireroom. Important particulars concerning
- the boilers are listed below: : ;

Steam pressure, steam drum RS 7 keg/sq. cm
‘Superheater outlet ©eccsesccrcceeesneconnn.. 30 kg/sq. cm

Stea.m temperature .o..vo.-oooo-o--.-ooscno-eoooooooooooooo.oooo.o- 350 oc
Rate of combustibn,_specified power ®eccrccrscescttcrccacns 7.7 kg/sq. em
actuaj. test ‘.....l....l......ll.....'l 6.7 kg/sqn cm

Superheating ®90c0scececscnscene 953 Sq. m

. ..0...."Q.'..'l.o.l'..'..ncl h27.2 sq. m
Combustion chamber Volume o.....oo-oooooos.o-o-o.ocooooeo-oooooo 38 Cu.m
Blowers .o..........‘......O'...G.o’..n.nno.-o.sun..l!s.. Bureau type 1“6
AtomiZeI'S ooo.ooooo..eoo.ooc.o.o-ooooo--n-o-'ooaoooone Models 3‘9 &nd 5-9
Air cone ...'QQ..D.'...D......t.....00..0......D’.Q......I Bureau type 15

S7
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g. Stacks and upteakes

The two porward bolilers are attached to the forward funnel and the after boiler
to the after funnel.

9., TFeed water systen
The'feed'system {s s closed system}
10. Auxillary mgchinery in the engineering»spaces

The following:aré the numbers and types of the auxiliariles in the engineering

spaces:
Name - Type Quantity
"Main circulator Axial flow, turbo-reduction 2
: gear drive '
Alr ejector Dual bank, triple-flow, steam 2
: ejector ;
Lubé oil pumps ‘ Gear type, vertical, turbo- 3
. reduction gear
Blower Supply Axial flow, gurbo-reduction - 2
gear
 Exhaust vent ‘ Axial flow, electric 3
Fire and bilge pump Vertical, electric, centrifugal 1
wgel oil distributing pump Vertical, electric gear 1l
Evaporators Buresau ' 1
gvapoggtor pump Combine pump, turbine-drive 1
) 041 purifier Elecpric centrifugal 1
‘ 011 cooler - vVertical, oil jnside, water 2
outside
Feed heater Verticael surface, Boiler 2
room auxiliaries
Main feed pump Centrifugel, turbo-reduction 3
’ _ , ,
i Auxiliary feed pump Reciprocating
Blower (FD) Axial flow, vertical, turbo- 6

reduction gear

¥. 0. service pump _ Vertical, gear type, turbo- 3
_ reduction gear

Lube oil and lube oil Combine pump, turbine-drive 3
cooler pump ’

poiler filling pump Latest electric gear 1 )
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Fuel oil heater Vertical, coiled-tube
Feed heater ' Vertical, surface

0il cooler Vertical, oil inside,
water outside

1l. Steering mechanism
The steering mechanism shall be of -the electric hydraulic type. It is capab.e
of turning the rudder from hard port to hard starboard, an angle of 70 degrees,

ds against a torque of 30.04 metric tons when going full spesd
& maximum torque orf 16.99 metric tons going full speed astern.,

It shall be equipped with two electric powered hydraulic bumps of the power
indicated above,

In eddition, it shall be equipped with one small sized hand-operated hydrauliec
pump capable of being used for steering in case of breakdown of the electric-
bowered hydraulic pumps.

12, Windlass mechanism

The windlass machinery shall operate through a gear mechanism powered b, :p
upright dual-pistoned steam engine, capable of hoisting 12.6 tons at a speed
of nine meters per minute,

13. Repair facilities

In addition to the universal machine tool (capable of being used as a lathe,
miller, and boring mill) and an electriec drill in the engine room, there shasll
be a gas welding set topside.

14, Weight of engines

‘The specified weight of the main engines in tons (metric) shall be as follows:

Main engines ...'..........o...v.'..................0.'.'......“..'. lgh.z
Drive shaft and propellers ..oo.--oouoooooocnoooocooonooooo-o-oooooo 78.0

Auxiiiseries ..

End or Specifications

* ok ok %k %

QECLASSIEVE
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o oo o DECLASSIFIED

This vessel was an experimental type as far as the englneering pland
was concerned. It was the first Japanese combatant vessel to have a
steam plant with pressures as high as 560 1b/sq. in. Economizers were
provided 1in the boilers. The machinery arrangements, as far as could
be determined, were very much like TERUTSUKI class except that there
were thrae flrerooms insteaed of two. A CODY of the machinery design:
requirements was obtained and a translation 18 furnished.
An -sutomatic firing control, whereby & veriation in steanm pressurc
actuated a pilot valve in a hydraulic system to increase or decrease
the oil to the burners in use and thus restore the steam pressure to
a predetermined figure was installed in the firerooms of this vessel.
The system was reported to have been not too satisfactory and also to
have given considerable trouble from smoking. No plans for this sys-
tem were obtained.

In spite of the high steam pressure, the same type of feed systenm
found on lower pressure plants was used.

The ship was relatively fast, 39 knots, but too short-lived to de-
termine how well the machinery stood up under war conditions.

The rollowlng translation of the "Machinery Design Requirements”,
NavTechJap Documeat No. ND50-1030, is furnished. It is to be noted
that it contains no reference to the automatic firing device.

Plans for englineroom piping gystems were not located. The boiler
room piping plans are contained in NavTechJap Document No. ND50-10Lk .

x %k Kk k¥

TRANSLATIbN OF ENGINE SPECIFICATIONS OF SHIP NO. 215
SHIMAKAZE (DD)

HISTORY
Drafted 1 June 1940.
concluded 1 February 194l.
Approved 10 February 1942; 59 of No. 5.

Second approval 3 December 1942; 524 of No. 5 classified "Secret” by Navy
Technical Department.

Following the success of the second test plan, the following improvements were
made in the original:

e Survey of propulsion equipment .
Do Type and norsepower oI the blowerse
Ce Type and horsepower of the heavy oil ignition pump.

d. Type of anchor windlass.
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Summary of the plans
Disposition of the engines
3. Main engines
» Condeasers
% Shalftimg and propellers A :
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¢-Auxiliery machinery in the engineering spaces
«Auxiliery machinery outside the gpgineering spaces
Repair laoilities e o
Qe driadiran
AYs Weight. of engines
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e plens

sionimg trisl run (gross weight Gf englne 1012 tons, dis-

20 4ons) the entire 75,000 hp of the.plamt wag developed. The

8 consumption at standard speed (18 knots) leveled off at an
)»38 kg/hp/hr. It was able to meet the various wartime demands.

pition of the engines

two shafts end each is connected with ome main turbine and respec-
; To each main turbine are’vommected two cruising turbines
ve reduction gears. 1In the forward engineroom they are located on
%, and in the after enginerocom on_the starboard shaft. There are

_Geperel disposition of main engines - on every shaft there are gear-
. “~g high pressure, No, 1 medium pressure, No. 2 medium pressure, and low
~ pressure turbines (including the reversing turbine), every pinion mated
“mith a single perent gear, The two cruising turbines connect through a
reduction gear to the No. 2 intermediate turbine. The exhaust of the
cruising turbine leads to the No, 2 medium pressure turbine steam chest.

b. Specified power and RPM of the main engines -~ the specified power
ahead of the main engines is reckoned at 370 RPY of the shaft. 3 ith
ordinary exhaust, one shaft is rated at 37,500 hp, & total of 75,000 for
both shafts,

The specified power of the cruising turbine (total cruising power) is
reckoned at 172 RPM of the shaft. The horsepower of one shaft is 3750,
giving a total of 7500 for both shafts. It is possible to use these
without disengaging to the maximum of 218 RPM of the shaft, i. e., 26
knots (approximately 16,000 hp total for two shafts). At standard speed
it will be 146 RPM of the shaft, approximately 24,00 hp per shaft, or a
total of 4800 hp.

The specified power for the reversing turbine is 214 RPM of the propeller
shaft, or 7000 hp per shaft (grand total 14,000 hp). The relation be-
tween the S.H.P. and RPM at various speed is shown in the following table.
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Main

the above conditions are as follows: :

i

L.

There is one condenser on each shaft

Power Used vS.H,P. RPM

Spepified full power 75,000 370 . Approximately 0.33 kg/hp/hr

(fuel consumption)

378
136

Overload full power 79,000

0.38 kg/hp/hr (fuel

Standard. speed
o consumption)

L, 800

173
218
214

Cruising full speed

7,500
18,000

Maximum cruising power

Astern 14,000

engine steam pressure, temperature, and rat

of steam consumption for

Steam
Consumption
(kg/hp/br)

Steam
Pressure
(kg/s8q. om)

Vacuum
(mn hg)

Steam

Power Used Temp (°C)

Specified full power

35 700 or

more

385 3.45 or less

i

700 or
more

Full power astern 21, 375 8.5 or less

728 or
more

Full power cruising 35 345 L.l or less

35 330 728 or | L3 or less

Standard speed
. more

Condensers

, of the single-pass surface type, a

total of two main condensers,

5.

.Pitch .'.oo-ootoooonaoacoco.oooooo'.--ooauooooi-.ooo-oaaoqooo

Shafting and propellers

Qe Shafting - the shafting consists of a thrust shaft, intermedlate
shafts (two on the port side and one on the starboard), the stern tube
shaft and the propeller shaft. The claw type brake between the stern
tube shaft and the intermediate shaft can stand a torque of one-half the
torque which occurs at specified full power.

be Thrust-bearings ~ the Mitchel type is used., The thrust block is
made of white metal and shall withstand a pressure of 20 kg/sq. cm.
addition, it is egquipped with a thrust gage.

In

Cae Propellers ~ the propeilers are of uniform pitch and are made out of
manganese bronze. General specifications are as follows:

ese 3550 mm
es e l+300 mm
evsesese 80‘#3 m
about 9000 kg

Di&meter o.o0'......0.-’...0.0000.0.-.0..0.0.-00000500.000000.

Developed area .0.......'.0.0...‘.0.00.0.....000.'.‘..'....

‘Neight ....G..D..QO.'-.U‘...O..'.O...........0...‘..'O....

(T"™N: All of the above figures, except the weight of the propellers,
been scratched out, indicating that some change was made. However,
new figures were not added.)

have
the
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6.

Boilers

There are three Bureau, R0 type boilers fitted with a superheater and an air

preheater.
the open type.

There is one boiler in each boiler room. The boiler rooms are of
Specifications for one boiler are as follows:

- Steam pressure, steam dr“m o-..o.oneocoooooeeo.oooocooooe.oo 14‘3 kg/sq. cm

superheater OUtlet cececccscsssscsssssscesse 4O kg/sq. cm
Steanm temperature, at specified rate of combustion .ececevececcses 400 °C
at fuel combo rate Of 2,0 kg/sqo Il eeceevocesene 325 C

) CombuStion rate, planned ¢sce000000e0s0e0es000000000 00000600000 7.0 kg/Bq.

effective use limit 8t ceccescccevcascnes 7o7 kg/sq.

’ ‘ mximum possible .o...;..........-......o. 8 75 lfé;/sq.
Efficiency I‘atio, Specified 0000800000000 0000 000006000000 000COIERIROIDIIOTS 7

at 2.

0 kg rate 0..................C.I.G......ll...ﬁ

Heating surface, €CONOMiZEr creeeessscerassscsvscsccssscsanesce 1150 8¢,

perheating beesesecscssescceessccssonsseses 1150 8qQ.

i
i1
generating O..Ii'..ﬂ."'.ﬂ.o....‘...."O..... 1150 sq.m
m
o

: air preheate!’ Y ¥ X o 3Q.
Volume of combustion Chamber .ceecoececceccssccccccsoncccsscsacncsscne l|-5 cu,
Burners Bureau Type 22, Mod@l 3 ceeecccsccccccccotccsccoscccsaiess SEVEN

MOdel 5 IEENFFREENENENENRNERNERERENENNE RN NNRENEN R NN NS 22

Cones ceeosctaceessciseassacacecesscenseresccanes Bureau Type 20, Model 5

Note ->each boiler room is equipped with an injector which is controlled

by oil pressure.
Auxiliary machinery in
' - Name

Feed heater

-'Packing leadage steam

‘cooler:

Main feed pump
Auxiliary feed pump

Blower

Fuel 0ll service

Lube oii cooling pump

0il pump

01l heater
Water»heater»»

01l cooler

the engineering spaces
Capacity v Type guantity
200 cu. m/hr Vertical surface 2

2
150 cu. m/hr Centrifﬁgal, turbo-
52 kg/sq. em reduction gear

80 cu, m/hr Welir reciprocating
50 kg/sq, cm

22 cu. m/hr Axial flow, vertical

27 cu, m/hr turbo-reduction gear
(450 mm, 600 mm)

20 cu. m/hr Serew, vertical,

20.5 ke/sq. em turbo-reduction gear

Combination water
and 0il, turbo-drive

10 cu. m/hr Turbo-reduction gear,
10.5 kg/sq. cm vertical

15.0 cu. m/hr Bent tube
1200 cu.m/hr ‘Vertical, surface

15.0 cu.m/hr Vertical

(TN: Blower capaclty figures have been crossed out in the originsl.)

63
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8. ' Auxiliary mechinéry outside of the engineering spaces

 gteering gear - the steering mechanism is of the electrically oper-

ger .type. The rudder has the capacity of with-

- stapding e maximum .Y fia pf 28 meter-tons at full speed ahead and 52.7

- meter-tons at full. éd._gagern, when the rudder is turned from full *
ruéégr,oggkway.tqm:ﬁiz”rﬁddbr:thempther, that 1s a turn of 70 degrees, im
30. seconds, e S S

Q.
ated, oil pressure pl

The rudder moving mechanism is of the four-cylinder, Rapson type. In or-
der to have sufficient’ power, the rudder mechanism is equipped with two
electric oil pressure pumps. In case of a breakdown of the electric

g, the rudder may be moved by the use of a manually operated pump,
which meintains steering control for speeds up to thirty knots.

Aﬂbhor hoist - the anchor hoist mechanismoececocsvecons

b. :
Both "steam" and melectric® were written in end them both ecressed

(e
“out.)
9. Repair fecilities
In thejrorwarﬁféhgineroom'there is the universal repair eguipment {lathe,
mill;gg,machgﬁﬁiand‘dgill:press),and an electric drill;.sa the upper decks
there is a gad. e)ding butfite . In addition, the engineering department has
‘the &k as bf a £irst class destroyer. s A

- the official teats'were'carriedﬁout
Detalled results mey be obtaln-
Departmesnt.

a. Methdds aha‘tyges of trisl
1%

accerding to shipbuilding specifications.

ed by referring to the Chief, Navy Technical

b. . . Methods of utilizing asuxiliary exhaust steam - the standard pro-

. cedure in each of these trisls has been tO utilize the auxiliary exhaust
in the feed water heaters, then, if there is any surplus, it is diverted
"to the main condenser's. -

c. In the officiel trial and all other tests, the water used in meking
steam was distilled water with a salt content of less than three parts
per million. .

de. Ax normal speed fuel economy could be expected as long as there was
no hindrance to smooth opergtion of the engines.

11. Weight of engines

The specified weight of the engines and auxiliasry machinery in tons follow:

Main engines oooo'ooooocncooco-nOoooooc..ooe-coo-oooooo-o.o.ocoo...--o 274
Shafting -and propellerS'o.ooooo.-oooooooooococooo-oon
Auxiliary
Boilers .ocicaoo.c...0.0ot000.oo.-o.'-so.o.octcoooo--ooo
Stacks and uptakes ...‘...‘........‘....Q..............
Tubes, valves’ and cocks ;cooqoooo.uo-o-oo-oaooo-o--oooco...o..-.-oo-

Miscellmeous o.-...t-oooo-ououoonoooooooceoeoeo--cooooo-oc'.-ocw.aooo

EEIEEEEEXER RN REE D 112

eeessos 72 h
251
cecseecsccsesse ll&
12
68

machinery .‘-...........0.'.'.0....0..0..".'........

Water and 011 cecvecoecscesccens

97

.»....0.‘.0.0........I...‘ﬂ..o.ll.......

Toyal, without water and 011l secvscees
. with water and 01l eseccccecscn

llo.e.l..0.000..9.-...-0.0-0... 915

.GOOODO....I.CQ.I.........O... 1012

"End of Specifications

E .

64
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Tables of machinery installed, with the corresponding characteris-~
tics, have been translated in NavTechdJap Document No. ND50-1045,.1,
One run of the trial plus the summary of results have also been
translated in this document.

L T 2 T

Part IX - MATSU Class (DE)

Cruising turbines and connecting lines were removed after they were
found impractical for this vessel,

These were the first and only vessels noted to have had a machinery
arrangement of fireroom - engineroom -~ firercom - engineroom. There
were no cross comnections between the main steam lipes of the two
plants,

The auxiliary steam lines ran down the starboard side of the ship
as was the case for destroyers, The same characteristic of ecross
connections between lubricating oil pumps existed. The tendency to
supply steam for the emergency bilge eductors from the other plant
is to be noted.

The fresh water transfer system is on the same diagram as the mairnd
feed and condensate System. The fresh water dqrains were similar, in
general, to those of other vessels. The feed and fuel o0il heater
drains could be led to either main condenser. As on other vessels,
no open funnel drains passed through athwartship bulkheads,

There was no cross connection between the high pressure sides of the
main feed systems of the two boiler rooms, or the high pressure
sides of the fuel oil system so characteristic of other Japanese
vessels,

The float control tank in the condensate system of this vessel diff-
éred., A movement of the float, actuated by the level in the conden-
ser, moved a pilot valve., This pilot valve controlled the move-
ments of two oil pistons which in turn were connected to two fresh
water valves which caused water either to leave the system via the
surge tank, or enter the system via the condenser. O0il pressure for
this system was supplied by the main lubricating system,

A copy of the "Machinery Design Requirements", NavTechJap Document
No. ND50-1028, was translated. The translation has not been edited -

or paraphrased any more than was found necessary to make it intelli-
gible.

L T A I

TRANSLATION OF MACHINERY SPECIFICATIONS FOR JAPANESE DE
MATSU CLASS

Instructions for handling this volume:

8., This volume is classified "Military Very Secret" and shall be hand-
led accordingly.

be Reproducing or tracing any part of this document which does not
bear a direct relationship to the work is strietly prohibited,

Ce Immediately upon termination of the need for this document, it
should be returned to the Chief, Navy Technical Department,

65
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Specified welght of engines

Outline of general hull specifications
conditions for the officiaml tests follow:

Lengt!h at Waterline ......0..000-0.0.‘..0...0.0‘.0...l..l..o..'.. 98.00m
Bealn at Waterline ..0..0.-0....0.0.....0ooln..c..o..‘.'oo..o..‘.. 9.350 juid
Depth ..5.........‘.0.000..Q.l....'ll.'...De.'.ol.n......OI...Q... 5o7oom
Mean dr&ft ."'t...0..QQ_O....Q.D‘C.I.Q..QO...l..lo..l

Displacement ..oot..ltlon...-0.1.-'..'...9--.'00...ol‘o.

Speed ..u.......ol|..l..nooototoouocoooo.onl.o.o.oonl..o.l;..,o

F‘uel capacity ......D......C....".I.....o.ﬁQ...l‘.....l. 360 metric tons
"R General arrangement of mechinery

The main steam engine and main engineroom arrangement are as set forth in the
engineering plan, the same as Model 2021, which calls for a No. 1 boiler room
and a forward engineroom, & No. 2 boiler room and an after engineroom. Each

space 1is arranged in the following manner:

Fireroom No. 1
One boiler with auxiliary machinery

Forward enginercom
Port maein engine and its auxiliaries
cruising turbine - one
Condensing apparatus - one
Exhaust and supply blower - one each
Turbine driven fire and bilge pump - one
Portable fuel oil pump
ceeseees Dump (not clear)
YU Type alr compressor
. Turbo—generator

Fireroom No. 2
One boiler and its auxiliaries
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After engineroom
.Starboard main engine and its auxiliaries
Supply and exhaust blower - one each
Electric fire and bilge pump
Djesel generator - %two
YU type air compressor .

Main engines

a. General arrangement of the main engines - the main turbine is a

No. 3e, Model 5481, It is composed of high, medium, and low pressure
turbines and joins with the main shaft by a No. lc, Model 5481, reduction
gear. The port main engine is located in the forward engineroom and the
starboard mein engine in the after engineroom. The high pressure turbine
joins the front of the low pressure turbine, and the astern turbine is
housed in the low pressure turbine inner casing.,

The cruising turbine is a No. 3a, Model 5481 cruising turbine and drives
through the No. la, Model 5481, cruising reduction gear. It joins the
extremity of the port medium pressure turbine. Its exhaust passes to the
high pressure turbine in the after engineroom, and from there follows the
course of steam that normally enters the -starboard engine through the
ahead throttle,

b. Capacity of the main engines - the capacity of the main engines
ahead 1s such that at' 400 RPM of the propeller, 9500 hp (Cheval Vapeur)
is produced.on one shaft and a total of 19,000 hp on both shafts.

The rated cpacity of the cruising turbine (cruising full power) 3000 hp
for two shafts; furthermore, using all the main turbines at the same time,
they can be used without disengaging the cruising turbine up tc the maxi-
mum cruising speed (about 21.5 knots), that is to say, propeller RPM of
280 (one shaft - 3000, both shafts - 6000 hp).

The rated capacity of the astern turbines at 24,7 RPM is 2000 hp on one
shaft;)with a total of 4000 hp for both shafts (note: hp is Cheval
Vapeur).

Relation of the S,H.P. and the RPM for seach power unit is as follows:

S.H.P, RPM
Power Used (Cheval Vapeur) Shaft

Specified full power 19,000 400

Overload full power . 20,000 407

Cruising 3,000 g%g pogg*
St

Standard speed 3,200 231

Maximum cruising speed 6,000 280

Astern 1,000 247

*As for the starboard shaft, the exhaust of the cruising
turbine provides only 1600 shp with regards to the port
shaft, using the main turbines at the time as the cruising
turbi?es, produces 1600 shp on the port shaft., (as trans-
lated). ’
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Main engine steam pressure,

vacuum and steam consumpt ion rate

Steam Chest

Steam

Vacuum
(mm hg)

Steam
Temp (°C)

335

Consumption
(kg/shp/nr)

3,85 or less

. Pressure
(kg/sq. cm)

26.0

Power Used

700 or
more

Specified

26.0 310 720 or

more

L,.8 or less

Standard

310 720 or | L.8 or less

more

Total cruising

665 or

more

Astern 21 .0 320 915 or less

Main condenser - the mein condensers are of the single-flow surface
low pressure turbines.

d.
type and are suspended under the

Drive shaft and propellers

Shafting - the port shaft is composed of 7 lengths: the thrust

2, 3, and L sections of line shaft, the stern tube shaft,
The starboard shaft 1s composed of four sec-
tions: the thrust shaft, one section of line shafting, the stern tube
ghaft and the propeller shaft. The claw type rotor brake which is lo-
cated above the coupling between the line shaft and the stern shaft can
-1lock the shaft up to one half the full power torque. All of the inter-
mediate bearings on the shafting are self-lubricating.

4&.
shaft, No. 1,
and the propeller shaft.

The thrust bearing is the Mitchel type: <the pressure against each
square centimeter of the thrust bearing pillow must not exceed 20 g.

a diameter of about 2,650 meters,

- the propeller has
is made of manganese bronze.

'b.
- gross weight of about 3.300 metric tons and

Propeller

5. Boilers

There are two No. 3-B, Model 5481, RO c¢lass, o0jil burning bollers. One is
placed in each of the boiler rooms. The boller rooms are of the open type.
In general, essential data for the boilers are &as follows:

steam drum .oo.ltwoon..oolo.oco.ooocoooal‘oo 32 kg/Sq- cm
superheater oublet ceecscscssscesscoacnsccne 30 kg/sq. cm
Steam temperature, at fuel rate of 3.0 Kg/S4s CM/NT ceccoceevecnes. 350 °C
Fuel rate, specified full power eeecosssoscenandssecessesnes 7.3 kg/sq. M
bul'nel‘s full use .lQ..-0--0.-0.0..00....0..0‘0.0. 8I0 kg/sql 119

overload ..........'..G‘....'.-......‘........‘.. 9.1 kg/sq. m

Heating surfeace, Sat'urated ..-c.l.lc..l..n.‘D'.Ool..l.l.....o.. 6 SQe. O
sllperheater oa.oo.c.....‘..c.l.I.‘.o......o.... 82 sg. o

air preheater ...'........‘.........’-.‘Q..... 130 Sq. m

. D. blower, Ship type 13, Model 13, Style 5.5 eseescesssscaceccnsees two
Burners ooc‘n'c.no--ooo.oicoeoooeeoeo--oq-acooon Ship Type 11 cone, Model 5

Steam pressure,

6.

There are two stacks, No. 1 stack takes care of boiler
takes care of boller Mo. 2

Uptakes and - stacks
No. 1 and No. 2 stack
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7

Miscellaneous equipment

The various fittings are made extremely simple for speed of contruction and
ease of operation. . .

8.

a. The arrangement is euch as to have a telephone room which does not

place the control room in the engineroom or the boiler room.

b. The engine control equipment is made as simple as possible.

Ce The following articles are not provided:

(1) Engineroom electric thermometer, absolute pregsure gages.

{(2) Boiler room o0il purifying fittings.

(3) One internal and one external mineral oil tank. (Seed o0il,

Colza o0il).

Aniiliary machinery in the engineering épaces

Equipment in the forward fireroom:

Name

Main feed pump

Auxiliary feed pump
Blower (FD)

F. 0, service pump

01l ignition pump
01l ignitien pump

Lube 01l and lube oil
cooler

Peed heater
011 heater

0il cooler

Capacity
50 1it/hr

50 1it/hr
20 1it/sec

10 cu., m/hr
0.5 cu. m/hr

.25 cu, m/hr
oil 5 cu. m/hr

water 12 cu. m/hr

50 cu. m/hr
5 cu. m/hr
5 cu. m/hr

Eouipment in the forward enginerocom:

Main clrculator

Condensate pump

Alr ejector

0il pump (lube)

L4000 cu., m/hr
50 cu. m/hr

60 kg/hr

50 cu. m/hr
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Type

Centrifugal, turbo-
reduction gear

Reciprocating

Vertical, axial flow
turbo-reduction gear

Vertical, turbo-
reduction gear,
screw

Electric gear
Hand

Horizontal turbo

Vertical surface
Vertical, coil

Vertical, inside
water, outside oil

Turbo-propeller
Centrifugal, verti-
cal, turbo-reduction
gear

Two-stage, jet

Vertical, turbo-
reduction gear

suantity
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ﬁupply vent 10 cu. m/sec
Exhaust vent 12 cu. m/sec

Fire and bilge pump Fire 30 cu. m/hr
. Bilge 60 cu. m/hr

0il transfer puap 20 cu. m/hy

Equipmént in after fireroom:

Boiler water pump 10 cu. m/hr
041 purifier 750 iit/hr
01l cooler ’50 cu., m/hr
feéd heat;r 50 cu. m/hr
EvaporatSrs 72 tons/day

Water circulating
100 cu. m/hr;
brine 10 cu. m/hr;
fresh water 5 cu.
n/hr

Equipment invafter engiperoom:
Main circulator - 4,000 cu. m/hr

Main condensate pump 50 cu. m/hr

Air ejector . 60 kg/hr
Lube oil pump 50 cu. m/hr
Supply vent 10 cu. m/hr
Exhaust vent 12 cu. m/hr
: Fire and bilge Fire 30 cu., m/hr

’ pump Bilge 60 cu. m/hr
01l purifier 750 1it/hr
0il cooler 50 cue m/hr
Feed heater’ 50 cu. m/hr
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Horizontal, elec-
tric, axial flow

Horizontal , turbo-
reduction, axlal
flow

Vertical, turbo-
reduction, centrifu-
gal

Electric gear

Horizontal, elec-
tric gear

Klectric, centrifu-
gal

Vertical, water
outside, oil inside

Vertical, surface

Horizontal, com-
bine

Turbo-propeller
Centrifugal, verti-
cal, turbo-reduction
gear

Two-stage, Jet

Vertical, turbo-
reduction gear

Horizontal, elec-
tric, axial flow

Horizontal, axial
flow, turbo-reduc-
tion gear

Vertical, centrifu-
gal, electric

Centrifugal,electric

Vertical, water
inside, oil outside

Vertical, surface

/
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9. Auxiliary machinery vutside the engineering spaces

a, Steering mechenism - the steering mechanism is an electric oil
pressure plunger type. It has the capacity to turn from full rudder
one way to full rudder the other, that is to turn 70 degrees, in 15
seconds when the maximum torque from the water from full speed is 7.L
meter-tons and full astern is 13.1 meter<tons.

On the starboard side there 1s an electric o0il pressure pump of requisite
capacity, and on the other side there is a manual oil pressure pump which,
in the event of a breakdown of the electrlical equipment, has sufficient
power to steer the ship.

b. The anchor hoist machine is a piston type and cen raise a weight of
9.8 tons at the rate of nine meters per minute.

10. Repair facilities

The standard repair equipment of these vessels is based on that of second
class destroyers and in the engline room one small lathe and one lsrge electric
drill are installed. In a suitable place in the ship there is a blacksmith
shop with one small portable forge.

11. Official trial run

a. The official trial run is carried out in conformity with the stip-
ulations of the rules of ship construction and repair, and its detaiils
are laid down by the Chief of the Navy Technical Department,

b, Tn official trial runs as well as in other tests, the water supply
used when necessary to get steam up in boilers will be distilled water
with a saline content of no more than three parts per million,

c. Throughout all kinds of runs, the auxiliary:gxhaust steam will
always be utilized for heating the water supply, and any excess steam
will be diverted to the main water condenser,

d. The method of employing the engines at normal speed is standardized
as follows:

(1) The main turbines and cruising turbine, and one boiler are
used.,

(2) The main engines, as well as the auxiliary machinery relating
to the boilers, are generally limited to the minimum strength and
number required and they use one oil pump and one blower for each
shaft,

(3) One internal combustion generator is noradlly employed, and in
the event of a lack of power, & turbine generatsr is used to supp-
lement it.

(4) It 1s desirable not to use auxillary equipment which is not
directly related to navigation or cruising.

12. Specified weight of engines

The weight of maéhinery for official trial conditions shall be:

I‘Jain engines S0 0 PO SO0OBORT PODESORESNOLROOE00O0HSINONESBOSRTEPSBOEPIPROOERSTSN 91.0 tons
Propeller and shafting ceccececcecssccceescsseccenscscsnisensnee 50,0 tons
Auxiliary en-gines P00 NP NP PPN ICIPRE00CEERNENEEBIBLIOROIEEasGR OSSN 3‘}.0 tons
Boilers LI N B S B B Y BN B K BU RN BN BN K BN B BN BN BUBE AR AN BN AL B N A N N N NN NN NENENNENREENENNIJENNNYNN] 73.0 tons
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Stacks and'uptakes'ouwo'o,oo.t.vocu‘c.od.-.-.-oa---..ua--.o;oooooooou Lbé:o
Pipes_,, valves’ and cOCks 6908600000000 08800000 000000 SIOIOOSOCICRETIS Ly3.0
_Miscellaneous o_ocioo'.'o‘o'cocoooo-vo.o-oo.'oonooeooooontnooo-tuqooo 28,0
Water '.o.'.".'.'.\Q‘OOOQOOQl.0.’....Ot..o‘o‘..'.."l'UHD.'O.I.lOUOQ 32»0

011'-...Q....o..'......'.......'....."............‘...'o.....’. °0
Total, without water and’ Ol]l eccevceescscessssccesscoeassossesns 325.0
with water and 03]l cescecsvsvccssssecsocsscsrccccsonsss 363-0

End of Specifications

* ok ok k. Xk

Piping plans for MATSU class destroyer escorts are conteined in Nav-
TechJap Document No. ND50-1046.
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Part X - UNRYU Class CV

This vessel was one of the group of carriers of which there was the
largest number and several of which were partially completed by the
end of the war, The mein machinery plant is somewhat similar to
OYODO but of 5more horsepower. The eight boilers divided well for

° split plant joperation. The rather extensive firemain system in the
nechinery spaces was peculiar to the carriers and more like the sys-
tem installed in U.S. vessels in so far as the piping layout was
concerned., One vessel of this class was equipped with destroyer
main engines, indicating a shortage of main machinery.

Piping diagrams have been assigned NavTechdap Document Nos, ND50-
102}, and ND50-1025. One trial run and the summary of results have
been translated in NavTechdap Document No. ND50-1025.1, "New Con-
struction Machinery Trials™. A copy of the "Machinery Design Re-
quirements", (NavTechJap Document No., ND50-1031) was obtained and

transiated.

X Xk X% %k %k

TRANSLATION OF MACHINERY SPECIFICATIONS FOR UNRYU CLASS
ATRCRAFT CARRIER

25 November 1942
Navy PTechnical Department "Top Secret" Classification 5

Navy Technical Department No. 77 of 17.
Outline of Engine Specificatlions
Ship No. 302
Ship Class No. 5001
"Ship Class No. 5007
Table of Contents

General notes on ship's hull
Engine layout in general
Main engine
Drive shaft and propeller
Boilers
Uptakes and stacks
Viater supply system
Auxiliary engines
Steering mechanism
Anchor hoist

1l. Cooling system

"12,. Repair equipment

13. Engine weight

1h. Official trials

1, Genéral notes-on ship's hull

As given in the official table of specifications, hull data are as follows:

Lengtﬁ"at waterline ...............'.....o..e..."..........'... 223 meters
"Beénm 8t WBLerline ciecececcossceisasscésasccssesssssssessascrssve 22 Meters
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Depth '..o......'...q...‘...;0."\.000.0.00.l..'...‘o.....9.'..9 20.5 meters
VDraft, DOW 0600000000000 000060000080000000800003080808000000000100 7.1&90 meters
stern .ﬂ'......-...'............o...............0..‘. 7.990 meters

mean ......G....‘...G.........."-‘........‘.ﬂ....... 7.7h0 meters
Displacement 090000800000 0600600000000008060066000900CRCOSOGCONTCOTS 20,100 tons
Speed ..o‘...o..o.c;....oé...q‘.‘...0..0.00.0t.l.l..o..ooaco.o.o..o 3’+ knots
Cruising radius _at 18 Knots ..‘._oo-‘ooocq-ooooo.-o'.au.onotnon... 8000 miles

[ F'uel Oil Oap&(!ity '.oeo.oooqoooooaaoooooneooo_o...-ocooocoo 3750 metric toas

2 Enginevlayout in genersal

The main engines consist of four shafts with each shal't connected to one main
turbine by a reduction gear. Th2 enginerooms are mede up of four compartments
and one main engine is placed in each compartment. In the forward rooms are
the outer shafts and in the after rooms are the inner shafts. The cruising
turbine and its reduction gear are connected to the forward engineroom high
pressure turbine pinion gear shaft. The exhaust from the cruising turbine goes
to the after engineroom high pressure turbine., There are eight boilers and
they are distributed one in each of the eight boiler rooms.

Qa. Turbines and reduction gear (No. 1-C, Model 300, main turbine and
/No. 1=C, Model 300, main reduction gear) - the turbines and reduction
gears are as follows:

(1) There are high pressure, intermediate pressure, and low press-
ure turbines attached to each shaft and each turbine connects to
pinion gears through its respective coupling joints. Each pinion
gear meshes with a large gear wheel which is connected to the main
shaft.

(2) The astern. turbine .mechanism is contained in the low pressure
turbine housing.

(3) No. 1-A, Model 300, cruising turbine and No. 1l-A, Model 300
reduction gear are installed in both forward enginerooms and are
connected to each forward engine high pressure turbine pinion gear
shaft through adjustable mechanisms.

Rated power:

Shaft
Horsepower

Power One shaft |Total - RPM

Total rated power 38,000 |152,000 333

Total power astern . | 10,000 | 40,000 220

Standerd speed 14,000 - 150 (about)
_ ’ : {about) -

Cruising full power 17,000 - 165

Maximum cruising speed 56,000 175 outer
: - (about). shaft

' 275 inner -
shaft

Each main unit cen stand an overload of 5% of its 38,000
Permitted cruising RPM - 200.
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Under maximum cruising speed, conditions are such as to intro-
duce steam into the inner shaft main turbine while using a number of
nozzles in the crulsing turbine and the first pressure reduction
stage for full cruising power, thus allowing the inner shaft to
attain full power.

Steam consumption of main engines:

Steam Chest Steam No, of
: Pressure Steam Vacuum [(Consumption :Boil-
Power Used (kg/sq. em) |Temp.(°C} | (mm Heg)|(kg/shp/hr) jers

Total rated’ 17 ' 285 over under 4.3 8
' 700

Total rated astern 17 250 ovzz under 10.0
5

Cruising full power 17 270 over under 5.2
720

Standard ' 17 260 |over under 5.25
725

d, For rotating each main engine there is attached to esach low press-
ure turbine pinion gear an electrically operated and manuslly operated
rotating mechanism

e. --Main oondensers are single-pass surface type end there is one for
each mein engine, or a total of four., Those tn thée forward enginercom
are inboard and those in the after engineroom are outboard of the low

pressure turbine,

Drive shaft and propeller

a. Drive gnaft
(1) Shafting consicts of inner and outer shafts each having a
thrust shaft, No. 1 intermediate shaft, No. 2 intermediate shaft,

No. 3 intermadiate shaft, the stern tube shaft, end the propeller
shaft.

(2) The thrust bearing is of the Mitchel type. Pressure on the
thrust block made of white metal alloy should not exceed 20 keg/8q. cm.

(3) The outer No. 3 intermediate shaft is equipped with two
intermediate shaft bearings and the other intermediate shafts have
one each., All of the shafts bearings are self-lubricating.

b, Propeller - the diameter of the propeller is 3900 mm,
‘5, Boilers

There are eight No. 1-B, Model 300 Mark "RO" (B) boilers and the boiler rooms
are of the open type. Principel data for one boiler are as follows:

Steam pressure, steam drum, total rated POWETr ..cceececcceseso 22 kg/sq.
mll overload 0000002030 CROBsRSDL 23 kg/sq«:

superheater outlet, total rated power ...... 20 kg/sq.

full overload .cssecseee 20 kg/sq.

Steam temperature, total rated POWEr .c.cscecccocscasscecscsaccsss 300
full overload @ 0 009 0SSNSO O S 800 IVODLOOGSOESOOSS 308
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Heating surface, evaporating and superheating eeecscevescesscs 1130 sg. m

: ‘ &ir preheater 'l.......QOD.-D.'.o.'.'l.‘..'OCOI b3 Sqo m
-Burners, MoAEl 3 seecscessccccscssssseservssssnssirsecssccsncasecse eight
: Model 5 .0.D..D..l..'....l....l...b.b..‘....CO.......O..QO..I one

COnes .......-Q...........................'..................l)... Modelé
Smoke mak.ing app&ra'buS, DUNMDEY secescesescsosesscnonseccecasnssesceses one
capacity ...'.......'...‘.............. 2000 &m

.Note: Boilers No. 1 and No. 2 have an auxiliaery burner.

(2]

6. TUptakes and. stacks

Theré are two stacks, and'thevNo. 1 stack takes care of the uptakes for
boilers No. 1, 2, 3, and 4, while the No. 2 stack takes care of the uptakes
for boilers No. 5, 6, 7, and 8.

7. Vater supply system
The main feed systém shéll be a closed'system.
8. Auxiliary.machinery

The type and number of auxiliaries are as follows:

(- Those installed in the enginerooms:

Neme = . o S Type

Main circulator Axial flow, turbo-reduction
R I ... - gear drive

Main condensate pump . Centrifugal, vertical, turbo-
reduction gear

Alr ejector ~ Two-stage, triplex, steam ejection &

Lube oil pump ' Vertical, gear, turbo-reduction 8
gear

Lube oil cooling pump i, Axial flow, vertical, turbo-

reduction gear

Supply vent Horizontal, axial flow, turbo-~
R o S reduction gear : : -

Exhaust vent Electric, axial flow,‘horizon~
: tal :

Fire and bilgé pump: ' Cehtrifﬁgai, vertical, turbo=-
. reduction gear

Fire and bilge pump Electric,‘vertical,-centrifugal
Fuel oll distributing pump Electrical, gear, vertical
Lube o0il purifier. . Electric, centrifugal
Evaporétors _ Spiral tube

Drain cooler 7 Vertical

Feed watexr heater Vertical, surface

76




1 -m-'“I e
DEGLASSHIED
0il cooler Vertical, internal water,
, external-oil

Drain cooling pump o Electric, centrifugal

Combination cendensing and ZElectric
air pump

Control room vent ‘ Electric
b. Auxiliaries installed in the boiler rooms:

Main_feed pump Centrifugal, horizontal,
. turbo-~-reduction geuar

Auxiliary feed pump Reciprocating

F. D. blower Vertical, axial flow,
: turbo-reduction gear

F. 0. service pump *  Serew, vertical,.
turbo-reduction gear

Port mse fuel oil pump Electric, gear

Auxiliary blower Electric

Lube o0il and lube oil Horizontal, turbo-reduction

cooling pump - gear, oil-gear, water-centrifu-
gal

0i1 cooler Vertical, internal water, exter-
nal oil

Feud heater Vertical, surface
Fuel oll heater Vertical, bent tube

Fire and bilge pump Vertical, turbo-reduction
gear, centrifugal

Fire and bilge pump Electric, centrifugal

Control room vent Horizontal, electric

¢c. Auxiliaries outside of the machinery spaces:

Fuel oil distributing pump Horizontal, electric gear
9. Steering mechanism

The steering mechanism is the electric oil pressure plunger type. It has the
capacity to turn the rudder from full over one way to full over the other, a
70 degree turn, in 30 seconds when the maximum torque from the flow of water
at full speed ahead is 29.8 meter-tons (on each rudder) and when the maximum
at full astern is 51.2 meter-tons (on each rudder). The steering mechanism

is made up of two units, the capacity of each being described above. The

0il pressure cylinder is the two-plunger type and there is one for each rudder,
a total of two. They are located in the helm housing. In addition, there is
one manually operated pump.
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10, Anchor hoist

a. The forward anchor hoist is electrically driven thrcugh a double
reduction gear and a screw. Its capacity is such that it can 11t 45
tons at the rate of nine meters per minute.

b, The stern anchor hoist is a single action slectric mpﬁor type and
its capacity is such that it can 1ift 15.6 metric tons at a rate of nine
meters per minute.

11. Cooling system

It is equipped with two horizontal electrically operated two-stage centrifugal
type water cooll pumps with a capaclity of 00 cubic meters per hour (outlet
pressure of 10 kg sq.cm) .

12. Repair equipment

The repair equipment includes one gas welding machine (gas generating capacity
0.2 cu, m/hr) beyond the standerd table of allowances (for aircraft carriers
with a registered displacement of 30,000 or less).  Furthermore, there is
provided one axial type horizontal, electrically operated blower,

13. Engine weight
Machinery weights in metric tons are:

Main engines’ Ship No. 302’ Ship Model 5001 .'.0.0....‘..'.'.'l.e.l‘. 608
‘ Ship }Jodel 5007 88208000603 ¢s00000R000R0G S 608

Drive shaft and propellers, Ship Model 5001 esecsscescscssssacscocscss 313
Ship Model 5007 .O.ﬂ.'..ll."'....'o..... 313

Boilers, Ship Model 5001 Q,..O..'..Q....0.......0...00....I..'...‘.... 5“
N 007 .;........00..0...‘9'.0.....l‘......l.....‘.. 563
Auxiliary engines’ Ship Model 5001 .oooo.ooooocooao.oococoooo.ooocoo; 2L7
- . R 007 .I0.0000....O..'O.......'...I.O.l. 21‘1&
Uptakes and stacks, Ship Model 5001 ecceceseescsacccscscessscccanscccc 116
’ 5007 ‘..000..'...........I‘.'Q..'...l. 116

Valves, cocks, and pipes, Ship Model 5001 eececccccscscccccaccsnnscse 370
. 5007 B.l..‘I.O'.O.n.-.o..l...... 370
Misceallenous, Ship Model 500l secccoccccccasscccosccnccnsccacorocsss 197
) 007 .Qo..'..o.....e...'.nmo.o.o.oo‘oo.ol.. 197
water‘and oil,nship hlodel 5001 ........0..'..0.'...'..3.0....Q..CO... 288
' 007 .Q......0.0..-..OO..D...‘loloo;@l..'... 288

Totval, without water and Oil, Ship Model 5001 ecssesec00scccsss0esBte 2395
5007 .0....00...0.0........ 2“11

With water and oil .000000000000005001 .0...'....'0."...0‘.. 2683

) 5007 seecessseersniensecead 2699

14. Official trials

Official trials are carried out according to the regulations governing con-
_struction of ships, and the summary of their results is published by the
Chief, Navy Technical Department,

Auxiliary exhaust - according to each type of test, it is prearranged so that
the auxiliary exhaust is usually utilized in the feed heater, and if there is
any left, in the case of trial full and cruising speeds, it is piped to the
mein condenser. In other trials it is utilized in the low pressure turbine,
and agein, if there is any left, it is piped to the main condenser. In the
various tests which accompany the runs and official trial runs, the source of
water should be distilled water with a salt content of less than three partis
per million.

End of Specifications
x Kk kKX 5
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Part XI - NAGATO (BB) - MYOKO (CA NACLI Class)

DECLsincyer,

Piping plans of these vessels, which were relatively old, (MNaGATC 1920,
MYOKO 1930), wers forwarded only as a matter of secondary interest. No
specifications or test data were recovered. Note in NAGATC the auxil-
iary turbines for driving the 'center shafts at synchronous speed when
cruising on wing shafts.

Piping plans have been assigned document numbers as follows:

NavTechJap

Document No. Ship Space

ND50-1047 NAGATO * Englneroom
ND50-1048 A NAGATO Boiler room
ND50~-1024,1 ' NACHI Class (CA) Engineroom
ND50-102L .2 NACHI Class (CA) Boiler room
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ENCLOSURE (A)

1.IST OF DOCUMENTS SENT DIRECTLY TO THE BUREAU OF SHIPS

NavTechJap No.

ND50-1024
ND50-102k.1

ND50-102L.2

ND50-1025-

ND50-1025.1

ND50-1026
ND50-1027
ND50-1028
ND50-1029
ND50-1030
ND50-1031
ND50-1032
ND50-1032.1
' ND50-1032.2

ND50-1032.3
ND50-1032 .4
ND50-1032.5
ND50-1033
ND50-1034
ND50-1035

ND50-1036

Title
Engineroom piping plans, UNRYU class carrier.

Engineroom piping plans, NACHI class heavy
cruiser,

Boiler room piping plans, NACHI class heavy
crulser,

Boiler room piping plans, UNRYU class
carrier. .

New construction machinery trials, UNRYU
class carrier.

Machinery design requirements, YAMATO class
battleship.

Machinery design requirements, TERUTSUKI class
destroyer. .

" Machinery design requirements, MATSU class

destroyer escort.

Machinery design requirements, KAGERO class
destroyer.

Machinery design requirements, SHIMAKAZE
(Single ship class DD).

Machinery design requirements, UNRYU class
carrier.

Machinery design requirements, MOGAMI class
heavy cruiser.

New construction trials, Vol. I, MOGAMI
class heavy cruiser.

New. construction trials, Vol. IT, MOGAMI class
heavy crulser.

Arrangement plans, engineroom and fireroonm,
MOGAMI class heavy crulser.
Piping plans, outside of machinery spaces,

YAMATO class battleship.

Piping plans, boller rooms, YAMATO class
battleship.

Piping plans, enginerooms, YAMATO cleass
battleship.

Piping plans, enginerooms, ATAGO class heavy
cruiser.
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NavTechJap No.

ND50-1036.1
ND50-1036.2
ND50-1037
ND50-1037.1
ND50~1037.2
ND50-1038
ND50-1039
ND50-1039.1
ND50-1040

ND50-1041
ND50-1041 .1

ND50-1042

ND50-10L3
ND50-1043.1

_ ND50-10kl
ano-lohh.l‘

ND50-1045
ND50-1045.1

ND50-1046

ND50~1047

ND50-1048

ENCLOSURE (4}, continued

Title

Piping plans, boller rooms, ATAGO class heavy
cruiser.

New construction machinery trials, ATAGO class
heavy cruiser.,

Piping plans, boiler rooms, AGANO class light
cruiser.’

New construction machinery trials, AGANO class
light cruiser, Vol. I.

New construction machinery trials, AGANO class
light cruiser, Vol. II.

Piping plans, enginerooms, AGANO class light
cruiser,

Piping plans, boiler rooms, 0YODO, light
eruiser (Single ship classs.

New construction machinery trials, 0YODO,
light cruiser (Single ship class).

Piping plans, engineroom, OYODO, light
cruiser (Single ship class).

Piping plans, TERUTSUKI class destroyer.

New construction macninery triels, TERUTSUKI.
class destroyer.,

Piping plans, engineroom, TERUTSUKI class
destroyer.

Piping plans, KAGERO class destroyer.

New construction machinery trials, KAGERO class
destroyers.

Piping plans, boiler rooms, SHIMAKAZE,
(Single ship class DD).

New construction machinery trials, SHIMAKAZE,
{Single ship class DD},

Piping plans, MATSU class destroyer escort.

New construction machinery trials, MATSU
class destroyer escort.

New construction machinery trials, YAMATO
class battleship.

Piping plans, engineroom, NAGATO class
battleship.

Piping plans, engineroom, NAGATO class
battleship.
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