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Wave Resistance of a Submerged Body
in a Shallow Sea

(Paper No. 610)

By Katsuteda Sezawa, Kogokuhakushi,

Lecturer in Naval Avchitecture in Tokyo Imperial University.

In a recent paper™ I have deseribed the formation of deep-water waves
due to subaqueous shocks. The problem was important in connection with
the submarine explosion. Since the publication of that paper, it oecurred
me that it is rather interesting to solve the similar problem of a submerged
body moving horizontally. The problem of the resistance of a submerged
body in a deep water has already been studied by H. Lamb™® and T. IL
Havelock.®™ The case T have considered specially is the wave resistance of
a submerged body moving parallel to the free surface of a shallow sea.
This is, I think, more important on the power and the speed of the submarine
boats which are often oceasioned to dive along the coast. Indeed, we have
not yet found out the favourable depth of immersion at which the submerged
moving body in a shallow sea should be placed.

As this question naturally presents a great deal of mathematical difficul-
ties, it may be impossible to expect the rigorous solutions satisfying all the
conditions. When some conditions whieh have no mueh bearings on the
practical problem are disregarded. we obtain the approximate solutions
suggesting some important natures of the wave-making resistance of the
present case. The results are, thus, to give us a fairly complete view of the
resistance of a submarine boat in a shallow sea in a qualitative sense. I may
add that in mathematical caleulations we may be obliged to take idealised
cases; yet such cases will be rather important to find the characteristic
natures of. the problem. In the first place, I have taken a two-dimensional
problem in which a submerged cireular eylinder traverses perpendicular to
its axis. The complex phenomena of diverging waves which oceurs in a
three-dimensional case has not entered the analysis and therefore the pro-
blem has been much simplified. Again, a certain effect of the image on
the condition of the surface of the cylinder has been neglected, owing to
very little effect of that eondition on the wave-making resistance,

The present paper, after discussing the mathematical part (Appendix),
goes on to obtain the general schema of the relation among the veloeity of

(1) ¢“‘Formation of Deep-water Waves due to Subaqueons Shocks,’’ Jour. Soe. Nav.
Arch., Tolyo, 44 (1929).

(2) H. Lamb, 4an. di math., 21 (1913).

(3) T.H. Haveloek, Proe. Roy. Soc., 93 (1917).



9 (Paper No. 610)

the motion of a cylinder in a shallow sea, the depth of its immersion and
the resistance exerted on that body. Tt will be presently seen that in a
shallow sea of a given depth the wave-making resistance increases as the
immersion of the eylinder is decreased. A more important fact is that
in an assigned immersion of the eylinder there is one maximum of the
resistance at a certain speed of the body; this fact may be interpreted as
the interference of the free surface on the eylinder. T have also obtained an
apparently curious nature that there is no resistance at all speeds beyond
the veloeity of translation of the shallow-sea waves. This can be explained
by the fact that in such speeds the surface elevation of the water becomes
symmetrical about the vertical plane passing through the axis of the
eylinder. This tendency eomforms with the fact which is observed in the

R
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case of a voyage in a shallow canal. The above drawing is compiled
from the result of the mathematical analysis in Appendix and illustrated
as the eonfirmation of the variation of the resistance with the veloeity and
the immersion. In this ¢ denotes the velocity, £ and f are the immersion
of the eylinder and the depth of the water respectively and a gives the
radius of the eylinder, while w is its length which is supposed to be very
large. The resistance R is taken as the ordinate in a dimensionless form
by means of ¢, p, ¢ and f*. (w: length of the eylinder.)

We mayv now take some numerical example fo get the idea of the
resistance more coneretely. If we take f=i0m., a=1m. E=dm., w=
wem., then we have the maximum vesistance R=570 gr. weight. These
values will be found to be of the same ovder of magnitude as those
actually observed in model experiments. The object of my paper, however,
is not to get the quantitative estimate of the resistance, but rather to know
the pure nature of the rvesistance from the caleulation of the idealised
example.

In the actual investigation of a submerged body, the immersion £
being kept constant, we have to determine a route in the sea of a suitable

i . e
a 1E-A%

c
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depth where the vesistance of the body at a given speed becomes minimum.
1 find that for sumeh a purpose it is rather convenient to represent the
resistance curve in the manner of Fig. IT. The numerical value in this
drawing has been taken from the preceding sketch.

It appears from this diagram that the resistance of the submerged body
in all depth of the sea is maximum when the velocity of the horizontal
motion is equal to Vg€, £ being the immersion of the body. It seems that
at this speed a long trailing train of waves is considerably excited in the
form of the translation waves and some interference phenomena hetween
the free surface and the body takes place. W may also notice that for
each velocity of the moving body there is a certain value of [ which makes
the wave resistance of the body minimum. This is not without importance
on the selection of the course of a submarine boat at a submerged condition
in a shallow sea.

The foregoing considerations have been, as referred to, on a very
simple case of a submerged body. The more important problems such as
the similar-ease in three dimensions and the resistance of a body of some
other forms will appear in my future studies,

Appendix.

We have now to investigate mathematically the rvesistance of a sub-
merged moving eylinder in a water of a finite depth. Since it is very easy
to study the case where a shallow water moving with a uniform speed
impinges upon a submerged eylinder in place of the caleulation of a moving
body in a still water, we will hereafter treat of such a running stream of a
finite depth, the bottom of which is supposed to be perfectly rigid so as
to admit of no any vertical movement of the water particle at that surface.
The radius of the eylinder which is placed horizontally athwart the stream
is supposed to be very small compared with its immersion £,

k-
[
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Fig., III.
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+The velocity potential, ¢;, when we leave out the free surface, y=0,
will be obtained from the equation




&

£

(Paper No, 610) 5

g"il‘.{__iqb:.;:u‘ T S BT ettt )
T
in the form 3
3 2
di=—en(14-2 ¢ ﬂ;_z), s s nie D)
e g

where ¢ is the general velocity of the stream and r, »* denote the distances of
any point from the eylinder and its image respectively, such that .

r=Yo'+ (y+EF, =Vt g+ —EF .. ... (8)
The expression in (2) satisfies the boundary conditions ‘%‘:0 onr=a

ar

;)} 3
and ;bi_:n on y= _“‘_f-

Now we know the expressions

@ e T B ;
== { e O gin b dE, —':—:f e oin badk. .. (4)

2 2

" v o o

Henee we write

00
b= —cn:——a,’c:f e MU0 gin ky "_Hc-u,”cf
1] o

In ovder to annul the stress on the surface y=0, we superpose on the
solution (5) some other free waves ¢. satisfying the differential equation

o0

e RUOgin krdk. ..(5)

b P e (8)
di” oy
and the condition
7b: _ (7)
2y

at the bottom y=—f. The type of ¢» may be expressed by
¢s=f A(k)coshl(y+f)sinkzdi, ... .....(8)
o

where A(k) is a funection of % only.
As the surface elevation 5 is connected with the potential by the geo-
metrical condition
OB B e s s s )
o de
in whieh & =0; + g, we find
n=a’ f [e"‘f pertray A o :L:,_f} coskzdk: 4. 10
0 ac
To determine A (%) by means of the condition of the surface pressure,
let us introduce Bernoulli’s theorem such that
L ﬁ.i(ﬂ)’ et o Y
p Ty ax

If we neglect terms of the second order, the above equation gives us
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.1l= _ga-_»fm[e_m; i 8—1;(2_?’ 3] + 'A(;l:]‘3i[lh k‘f‘} coclbxdl
0 a’e

——;:—a &f [e7* 4 ¢ " ]coskakdl
i}

+cfmA(k}coshkfcos!:w?adk. i e seesd IS

0

Hence the condition of the free surface is satisfied, provided

ga-z{e""§+ gVt —A(‘k\" sinh Icf'l- +ha’t e 4 e~
a’e

+ke A(k)eoshkf=0. ....(13)

This leads to

(ﬁ‘.ﬂ"J—gm'f: : eEp W0y (14)
kc*coshlif — gsinh kf
Thus we obtain the expression of the surface elevation in the form:

o . O A O NP /)
i (cnshkf:smhkf;(c . +e ) coskzkdk. ..(15)
0 kc*cosh kf—gsinh kf
Sinee this expression of 7 is even function of w, it will be sufficient to

If we write kf=]j, this reduces to

Alk)=

take the case of x-positive.

I T . ey
n:—f —----(r: Tigug & }eos&dj
v gc.othj J
o , ke
B I . AR g )cosjf—ii... e (16)

=T
f Ze dZ, a7
¢ ZeothZ — 9

-
f & U (18)
¢ 79 tanh Z

2

taken round the contours given in the next page.
2
ptamh X ¢ (2 p00) while ko, ku,
af
2
Y _ ¢ i the case ?>gf ; and k',
4 gf
ks!, ks’,.... are the similar roots in the case ¢*<gf.

In this & is the positive real root o

Jo,....are the positive real roots of
The contour integra-

tions in question then give us, when ¢*>gf,
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3 @ ,
je~™ cos—— J i

Ep

7 sinmk,

I

jcothj—--—— jmt}—

7 - . il
f & f Jje 7 cosmj cosmj ﬂ’j'“l-ﬂ'z ka'e
o

Ho-)

=0 kﬂz_
..(19)
je~™ cos z] L2 ” e
% ¥ o= ""_'je 7 sinmy k.e 7 cosmka
e R el o i
J /_tanhj v tanj—j B e
¢ ¢ o
.(20)
and, when ¢*<gf,
. Je~™ cos = a‘:? ”
—tf.?_ 1.{ ?e cos‘mJ d_}
i ;'cothj——- " jeotj—
== ; awh’e™""sin EE':—
ke ¥ sinmk’,
4+ - E | ] . (21)
ni=1 kl‘nﬂ_‘_‘_g_{_(l_ 5‘%) if___( 9,“ )-’(—h
¢ ¢ ¢ et
je~™ cos 2L -
fm U dj=— s_bj ﬂ_ dj
¢ §— g’)" tanhj t;ff tanj—j
, - _‘-'_;ﬂ.“‘ . he ™" sin g,
> K cws:_nk n J .22
=1 Sl Qf L!f-rnﬂ 1__g:_f_'_+._.c_h!
af ¢t gf
1 .
! o
T f‘ ey
1 ~ =
ik, Dy ' b
PRy N | \
" \ tka \\
pRA® A\ \
\ l:k’ \

348 2

In this the principal values due to Cauchy are taken for

the evaluation
of the definite integrals. The indeterminateness may be avoided by inserting
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in the equation of motion small frietional terms and finally making the
coefficients due to these terms vanish.

Applying now the above formulae, we have the surface displacements
of the stream, in which ¢*>¢f, as in the following forms:

P
w kne T (L,,sm ‘Tf =i (}f COs—22 E)

. F_ € JF 7 fesa]l s
7 Jl ryerd E?“;’_Lf( ()'f) [ ] ( )
C
R (P 124
- SR S -_2 ¢ 7 [meo]...2d
;= kg_Jﬁ(]_ﬁL)
¢ o

The forms of these expressions shew that the surface of the water is
quieseent at a large distanee from the point zr=0. It follows, from the
above fact and the fact the surface elevation is symmetrical about z=0,
that no resistance is experienced by the submerged body at the speed ¢
beyond Vgf.

In a similar manner we find the surface displacement, in the case
¢*<gf, in the forms:

w klue i (L 8- g ;E 4 Qf cos "6)
e

o’

i f =L Al 2-.-_ ﬁ_(l— ’gf_-)
el o pe
£ f'_]‘_f_ .
4 (h—!—-ﬁ{ﬂ){e_?h-}eu ¥ ”’Esin.ﬁi?'_
T ¢ : f o [w>0] - ......(25)
J ?e,"+,..-_‘,l£_( g " )
g '
g o Kne7 (i'u Jsin e 9T oos® o )
S 5 AN, r ¢ _§f2&,
JS &= B qf ( hg_f‘_)
L= cx
£ -
. (h ﬁ{;){e—f LN e "}sin zh
ara T ¢

’ e B s v (28)
7 B q_f (1_;;_{:_)
¢ C

Since it appears that there eannot be a finite displacement at a large
distance on the up-stream side (x#<0), we shall superpose on the solutions
expressed by (25) and (26) some free waves of the type:

L ~=t
" (I" qf)l” e 7} ]
_mah N i et __Si“.:}__". (27)

r L+ _(’i{ (1 - —ﬂ-{—)

(&

i AR

il




87

E2)

(Paper No. 610) 9

Remembering that the first term of each right-hand side of (25) and
(26) is insensible beyond a eertain distance from the disturbance, we obtain

£ -
_ 2ma’h ¢/ { } sm:’f{i-p&c., [2>0]

. (28)

n=nil + &e.. [2< 0]
As the wave resistance of a body generating shallow-sea waves is ex-
pressed by :
297 L
3

t!., il RN |
sinh =9

c:l

where 7, is the amplitude of the surface elevation, we get the resistance in
this ease easily by putting

R:_i,gm‘-’ 1—

[ P! —E h _E_f__—i
. (h—l——‘{—{ {c 7 te 7 hl’
il 0 O S SIS . 1|
f i+ Y (1-40)
i ¢

The compiled results are illustrated in the part of the general discussion.

(1) Lamh, Hydrodynamics, § 249.
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Ueber die Bestimmung der giinstigsten Dicke des
Warmeschutzmaterials fur Dampfleitungen
des Kriegsschiffes.

(Paper No. 611)

Von Sigeru Mori,

Maschinenforschungsabteilung des Marinearsenals, Hiro.

_ I. Vorwort.

Man umbhiillt die Dampfleitungen mit Isolierungsmaterial, um den
Wirmeverlust moglichst klein zu halten. Dabei nimmt der Wirmeverlust
mif der Zunahme der Isolierungsdicke zuerst merklich, dann aber nur wenig
ab; und da das Gewicht des Isolierungsmaterials gleichzeitie zunimmt, ist
eine zu grosse Dicke nicht zweckmiissig. Es ist das Ziel der folgenden
Berechnung, die giinstigste Umbhiillungsdicke fiir Rohrleitungen an Bord
zu bestimmen,

IT.  Versuchseinrichtung und Versuchsverfahren.

Die in den Versuchen verwendeten schmiedeisernen Dampfleitungen
sind in Fig. (I) durch (ab) bezeichnet. Es ist ein Wasserabscheider (A)
angeordnet, in dem der Dampf vor Einfritt in die eigentliche Versuchs-
leitung entwiissert wird. Die Leitungsstiicke (ab) sind mit Getfiille in der
Richtung des Dampfweges gelegt; ihre Hauptabmessungen und die Dicke
der nacheinander numgehiillten Isolatoren sind wie folgt:

& Lichter | w _ | Ausserer Absolute
Lg?ffkgjr Durch- ?{;ﬁgﬂ Durch- | Dicke von Isolatoren| Art Von |Dampf-
messer melaser fiitataion fir'uck2
(cm) (em) (em) (em) cm kg/em
361 6.35 0.294 6.94 011.27 I. 9112 54 3.81
Asbestos- | 16
# 12,70 0.488 13.68 0 "7 2. 04 3.81/5.10 ks
- | ) E
¥ 20.30 0.635 21.57 0 1.91 3‘811!5.1()!6.39
361 6.35 0.294 6.94 0 iO .95 1 91 8 18 444 Fooiaiio
> 3
o 20.30 I 0.635 21.57 00, 9) 2. 22 3. 4916 04| Asbestos-
filz
Y 28.00 0.635 20.27 010 90 2. ...,. 4 76|8 .58

In jeder Reihe der Versuche wurden je drei Leitungen von ver-
schiedenen Durehmesser benutzt, und die Dicke des Isolierungsmaterials
(Asbestosdecke und Asbestosfilz) war auch verschieden. Der Dampfdruek
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war zwelerlel gewiihlt; 16 und 3 atm. entsprechend den Druckhdhen der
Frisch- und Abdampfleitungen in Praxis,

Die Temperatur des gesittigten Dampfes wurde von dem durch den
Manometer (M), Fig. (1), gezeigten Druck bestimmt.

Der Wirmeverlust in der Leitungen war durch Mengenbestimmung des
entstandenen Niederschlagwassers gemessen, und zun diesem Zwecke hatte
iede Versuchsleitung einen Wasserkollektor (W), Fig. (1); dabei war die
Wassermenge mit dem zugehorigen Klingerschen Wassergehaltzeiger aus
{lass in je zwanzie Minuten abgemessen.

Um die in der Versuchsleitung niedergeschlagene Wassermenge von
Nebenumstinden zu befreien, waren die Korrektion des Wasserkollektors
und diejenige der nicht umgehiillten Fransche erforderlich. Von diesen
zwei Korrektionen wurde die erste dadurch gemacht, dass ein *Wasser-
kollektor unmittelbar hinter dem Wasserabseheider verbunden war, und
das Niederschlagwasser desselben geeichnet wurde; die zweite war aus dem
Wirmeverlust der nackten Leitung abgeschétzt, n.zw. durch Berechnung
des verhilinisméssigen Anteils der Oberfliche der Flansche.

Bel der Durehfithrung der Versuche musste der grisste Wert auf die
Erreichung und Erhaltung des Beharrungszustandes gelegt werden. Bin
Versuch wurde erst begonnen, als die Temperaturen der Umhiillung nicht
menr #nderten, Dieser Zustand wurde in unserem Fall erst nach 2 bis
214 st. erreicht; und wihrend des Versuches wurde die Dampfspannung der
Leitungen moglichst konstant erhalfen.

ITI. Versuchsresultate.

Mit den vorstehenden Hinrichtungen wurden die Versuche ausgefiihrt,
hauptsichlich um die Abhidngigkeit des Wirmeverlustes einer Rohrleitung
von der TIsolatordicke festzustellen. Die Resultate der Messungen sind
in den Tafeln (1) bis (10) dargestellt.

Die vorstehenden Resultate lassen sich wie in den Tafeln (11} u. (12)
zusammenftassen.

1V. Berechnung und Bestimmung der ginstigsten Isolatordicke.

Es bezeichne: .
p = specizifisches Gewicht des Isolierungsmaterials,

Dy= #usserer Durchmesser der Rohrleitung in em,

D= = - des Tsolators in em,

() = stiindlicher Wirmeverlust in Kg cal. pro m. Liénge der Rohr-
leituimg bei 1°(C! Temperatur Unterschied zwischen der Oher-
fliche der Leitung und der Umgebungsluft,

n= mittelerer thermischer Wirkungsgrad von Schiffsmaschiven.

Frisechdampfleitungen :—

Das Gewicht des Tsolators ist

i
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Dieses Gewicht ist niehts anders als Energieverlust der Schiffsmaschinen.
Wenn bei Kriegsschiffe die von I Tonne Gewicht der Maschinen, Brenn-
stoff usw. gelieferte Pferdestiirke 7,5 angenommen wird, so berechnet sich
der Energieverlust N; des Isolators zu

D*~Ds* 7.5

Ny = 79 _ 100 P.8/m.,
ST I000 C 1000 /
oder mit p=0.28

N.=0.000165(D°— D¢d) P.S/m.

Es sei die mittlere Temperaturdifferenz zwischen der inneren Seite des
Isolators und dem Maschinenranm im Kriegssehiff 160°C, und ferner sei
angenommen, dass der Wirmeverlust durch den Luftstrom etwa 109 mehr
als bei ruhendem Zustand betriigt. Es verliert dann die Wirmemenge

Q'=1.1%x150x Q, Kgeal/m, st.
Dieser Energieverlust No betriot also
, 497 .
Ni= = xnx Q' P.S/m.
5% 3600 .
When wir »=0.18 setzen, so wird es
Nu=0.000285 x Q' P.S/m.

Ferner ist das Gewicht des Liiftungsanlage auf den Wirmeverlust
folglich auf die Lufterwdrmung abhiingig, um die Raumtemperatur konstant
(hochstens etwa 35°(C") zu halten. Die Luftmenge, weleche von Kesseln- u.
Maschinenréiume abgefiihrt werden soll, ist also

= Q Kg/m, st..
C(35—20)
C, bedeutet die spezifische Warme von Luft und ist gleich 0,237 gr. cal/gr.;
und (35-20) ist das Temperaturgefille zwischen DMaschinenraum und
dusserer Atmosphire. Das Volumen derselben wird sonach

- 0.586

=0.242x Q' m?,/m., st.
Also erhalten wir den Energieverlust fiir die Liiftungsanlage
Ni=0.242x—L 5 LD gt
2.21 1000
=0.00082 » Q' P.S,/m.

dabei bedeutet die Zahl 2,21 das 1 Kg. Gewicht von Gebliise, Brennstoff
usw, entsprechende Luftvolumen.

Nun koénnen wir die giinstigste Dicke des Isolierungsmaterials so
bestimmen, dass '
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Ni+No-- Ny=min.,
wobei N, N», N3 alle Funktionen von UUmhiillungsdicke sind.”

Abdampfrihren:—

Wenn keine Wirmeenergie des Abdampfes wieder benutzt werden soll,
s0 kann das Glied N. ausser Betracht stehen lassen. Sonst ist der Vorgang
der Berechnung gleich wie beim obigen Fall. Also kinnen wir die Beding-
ung fiir die giinstigste Umhiillungsdicke so schreiben, wie folgt

N+ Ny=min.

Wir haben dieselbe Dicke (hy). die die obige Formel ein Minimum
macht, durch die graphische Methode bestimmt, wie aus Fig. (2, 3, 4) w.
(5, 6, 7) ersichtlich ist. Die hier in Betracht kommenden Werte sind in S
den Zahlentafeln (13) und (14) zusammengestellt.

In Fig. (8) und (9) sind die auf diese Weise bestimmte giinstigste
Umbhiillungsdicke (k) u. zw. in Bezng auf verschiedenen Rohrabmessungen
bezeichnet, sowie die Kurve, die die Beziehung zwischen dem Wirmeverlust
und der Isolatordicke darstellt.

V. Versuchsergebnis und Schluss.

Aus den bisherigen Versuchserfahrungen Lkonnen wir die gilinstigste
Umbhiillungsdicke fiir verschiedene Leitungsdurchmesser feststellen, wie Fig.
(10) zeichnerisch darstellt.

Ohne Zweifel gilt der hier ermittelte Wert von Umbhiillungsdicke fiir
den Fall allein, wo die Annahme besteht, die wir mit unseren Kriegssehiffe
gemacht haben; aber in anderen Fille z.B. im Handelsschiff, kann man an
dieser Bestimmungsweise der Isolatordicke beliebige Anwendungen vor-
nehmen, wenn man jede geeignete Annahme macht.

Schliesslich ist der Verfasser Herrn Prof. Dr.-Ing. A. Ono, Hukuoka,
fiir seinen wertvollen Rat zu besonderem Danke verpflichtet.

(April, 1929.)

| /!‘PI

1) Man kann aueh so vorgehen, dass die Summe der Gewichte des Wirmeschutz-
materials und der Gebliise, so wie auch des Kessels, welcher zur Erzeugung des Dampfes
von der Wirmemenge Q" nitig ist, ein Minimum wird. Aber das Ergelmis der Berech-
nung wird mit dem vorliegenden Fall giinzlich iibereinstimmen.
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TAF. (1)
Niederschlagwasser
Rohrendurchmesser
| abmstss | itters | 035 | 1270w | 2030w
Zeit der Dampf- Dampf- Luft- Dicke von Asbestosdecke
Messung | spannung It.emperature' temperatur 0 0 0
| ke/em? % °¢ | 1tr/20min | ltr/20min | ltr/20min
e —— —
10-0 | 16 200 41.0 2.55 3.70 440
10—20 ' 7 (7 421 1.52 3.60 4.90
10—40 ' ” ” 42.4 1.65 3.75 4.80
1—0 | v ” 435 1.97 — —
11—20 } ” v 43.9 1.92 3.50 4.90
11—40 v ” == — —_ —
12—0 ' 4 ” - — — —
Nachm
0-20 | v » o 20 — _—
0-40 | 7 v 3.9 2.20 e =
1-0 ! v v 443 1.72 3.80 5.10
1-20 | v » 23 —_ 3.90 5.10
1-40 | v ” 23 | 240 — 5.00
2—0 | » v 19 | 188 380 s
2-20 | ” v 2.9 2.03 4.00 4380
2—40 7 v 41.8 — — 5.20
3—0 v y 114 2.27 410 —
8—20 % v 09 2.07 4.00 5.25
3—40 v v 425 1.95 3.90 4.85
4—0 v 7 425 1.98 — - Ce-
4_.-_")0 F 4 & —— PR —_— I
Mittlere -
Werte| 16 200 425 2.04 3.82 4.94
|
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TAF. (2)

Niederschlagwasser
Réhrendurchmesser
fiir=ne Absolute | Mittlere ez | 127w | 2050m
Zeit der Dampi- Dampi- Lauft- Dicke von Asbestosdecke
Messung | spannung j‘t‘.erm:ie-lz'ait11r temperatur [ 1_?01“ 1 1_ a7em s ]gicm_ .
ke/em? I % “e i Itr/20min | 1t+/20min | Itr/20min
. : i o — i I
10—0 16 [ 200 37.0 1.00 e —
0-20 | ¢ | 38.5 1.00 1.88 1.80
oty [ o Tl #- } B 0.89 1.27 1.61
11— | 4 | v | 388 0.88 1.74 216
11—20 i ¥ : “’ 42,5 0.51 1.62 2.21
11—40 ’ - | ¥ 2.6 1.05 1.70 2.05
12—0 r . — — | 1m 2.14
Nachm, l , , ] s e |
0—20 | 42.0 180 | e
o-40 | v v 127 =45 = =
1-0 o % 2.9 0.93 1.78 233
1-20 | & W 42.3 0.81 1.50 ; 1.69
1—40 : # ¥ 41.8 0.99 1.5 1.70
2—0 | ¥ 4 41.8 0.79 1.52 =
2-20 2 ¢ 414 1.13 . T —_—
2—40 | v v 109 100 | 146 1.85
3—0 | v v 414 0.84 1.66 2.00
3—20 v v 418 1.00 1.68 1.66
3—40 # ” 42.0 s | 1.40 1.51
4-0 * 4 40,0 1.00 | 1.28 142
4—20 | £ & = === = =
Mittlere
Werte 16 200 41.1 094 1.56 1.85

( .r_& "'
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\

TAF. (3)
! Niederschlagwasser
. Rohrendurchmesser
B : Absolute | Diibtlere_—ll 686% 12.70em 20.3Gew
Zeit der Dampi- Dampf- Luft- i Dicke von Asbestosdecke
| Messung spannung | temperatur | temperatur !. 1.91em 92 Hqem 3.810m
kgfem? % e _" Itr/20min | ltr/20min 1tr/20min
-VGI‘LEI.. o - | . g [ e
10—0 16 2.00 28,9 | 080 1,50 1.85
10—20 v ” 208 | 092 — 155
10—40 v ” 01 | 070 1.63 —_
11—0 " v BLO | 090 1.25 1.50
u-2 | v 314 | 080 1.25 113
11—40 v . “ =" l 1.20 —- s
12—0 | % % 809 .| — —_— S
Nachm, | |
0—20 v i ” 30.4 — = S
0—40 v v 31.0 . 0.85 1.52 1.98
1—0 v Vi 31.5 0.98 1.40 1.52
1—20 v v 819 | o087 1.20 1.60
1-40 w v | 324 082 1.20 1.47
2-0 v v 32.0 078 1.18 1.43
2~20 | 4 | 4 815 0.67 143 -
2—40 v | 318 | 076 1.22 196
3-0 v | v 323 | 0.70 1.42 187
3—20 ” l v 32.3 0.71 1.38 1.50
3—40 | v | 32.3 0.96 1.20 1.62
4—0 v v 32.3 1.16 — 1.95
4—20 y ' | — s e e
e 6 | 200 | 82 0.85 1.34 157
2, l
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TAF. (4)
Niederschlagwasser
Rohrendurchmesser
e Absolute | sitiere | 0552 Bl i .
Zeit der ﬁampf_ Dampi- ' Luft- :  Dicke von Asbestosdecke
Messung | spannung temperat-uri temperatur | 9 54em I 3.81 == 5.10°m
! kgfem? % I % | ltr/20min | Itr/20min | lér/20min.
Vorm. |
100 16 200 —_— | 0.60 ——— =—
10-20 & & 325 0.45 —_— - —
10—40 4 4 33.3 | 0.35 _ —
11—0 o ¢ 34.8 i 0.75 1.20 1.25
11—20 S v 35,5 0.75 0.90 1.00
11—40 ” # 3.59 0.90 1.05 114
12—0 # & 35.6 — 0.85 1.09
Nachm.
0—20 4 & 36.0 e 1.20 0.97
0—40 k4 - 36.5 0.90 0.95 132
1—0 | @ v 37.8 — 0.8 | 135
1-20 v ” — 08 s
1—40 Z L4 375 0.85 1.20 1.68
2—0 v v 38.0 0.80 jae | W
2—-20 4 & 37.9 0.70 1.17 i 1.30
2—40 ¢ ” 38.0 0.73 1.05 i 1.537
30 » ” 385 | 082 100 | 128
3—20 v L 38.4 0.76 1.10 ‘ 146
3—40 4 # 38.6 0.71 _ | 1.07
4—0 v v 38.9 0.71 102 | —
Mitsiore ’ ’ - | =
Werte 16 200 %67 | 073 1.05 ‘ 129

B




1)

2

TAF. (5)

(Paper No. G11)

i Niederzschlagwasser
‘ Rohrendurchmesser
Absolute | Mittlere ! g | z7om | 2s0m
Zeit der Dampi- Dampf- Luit- Dicke von Asbestosdecke
Messung spannung |femperatur | temperatur Ie S.Si‘_'-l'; w 5_1():‘" ‘ fio.‘}z";'Tl ¥
kg,r’cm““ °c o : 1tr/20min. i 1tr/20min | Itr/20min,
Vorm. = — _|_7,_ ey
10—0 16 200 33.0 0.80 = =
10-20 v y 36.4 0.80 : 1.00 1.03
10-40 ¥ ¥ 351 0.74 1.01 | 140
11-0 ’ ’ 5.5 0.74 100 | 134
11-20 4 # 36.5 0.71 0,99 142
11—40 ¥ ” %5 | @ — = ===
12—0 L4 ¥ 35.8 —_ | 1.27 E 1.92
Nachm. I !.
0—20 4 & 35.6 1.36 | 0.98 ! 1.30
0—40 = ¥ 36.3 0.84 0.65 I 1.26
1-0 ” v 36.5 0.80 e |
1-20 g = 375 0.83 0.98 1.49
1—40 # ¥ 379 0.75 1.15 1.55
20 v % 38.0 072 | 1156 | 155
220 # d 38.0 0.73 ] 0.88 1.06
2—40 o & 37.5 0.63 1.09 1.6
3—0 £ ¥ 36.8 0.62 0.93 1.27
3-20 o # 36.4 0.60 —_— _
3—40 ¥ # 37.9 0.80 1.14 1.40
4—0 ¥ & 375 0.76 1.30 1.92
4—20 # # — e _ —_—
Mittlere
Werte 16 200 36.6 l 0.78 1.03 1.42
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TAF. (6)
ll Niederschlagwasser
) | Ralll'E_l’-.‘l-d_llt‘(!]:.lm_.BSier_
Absolute ‘ Mittlere ]| 6'3‘"2 i %30“ il _23‘0001“
Zeit der | Dampi- | Dampi- : Luft- [ Bic_ke von As‘f)estosﬁl_z_ el
Messung | spanung !bempemt-urltemperatur . 0 0 ; 0
kgt/em? ‘e e | ltr/20min = ltr/20min. | ltr/20min.
Vorm. i N T == A=y | ~=
9—50 . 3 133 30.0 | 0 0 0
10-10 | * Z | 31.5 0.9 17 2.7
10—30 4 4 | 51.0 1.0 1.8 2.9
10—-50 # ¢ ! 313 1.0 1.9 29
11—10 ” v | 313 0.9 2.0 2.7
11-350 ¥ & 31.0 | 07 1.9 2.8
Nachm. II
0—30 % v = — — -
0—50 v s | 0 0.9 2.2 2.8
1-10 v v | 820 | 09 24 | 30
1-30 v L | 20 | 08 21 | 28
1—50 L & 32.0 0.8 2.0 | 2.7
2—10 | v 4 32,5 1.0 21 ! © 29
2—30 ] Bt W | 825 0.9 02 | 28
g-50 | » | # 33.0 11 28 | 30
3-10 | v v | 330 I 1.2 2.1 2.9
3—30 L # 33.0 . 0.9 1.9 26
| | |
RN R G
Mittlere [ |
Werte | 3 | 183 32.4 0.92 212 2,83
| | |
. | |
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TAF. (7)
Niederschlagwasser
Riéhrendurchmesser _
. | | Mithers |88 __M-_g_“__";" 33'00"1";
Zeit der | pampf- Dampf Luft- L Dicke von Aa_s_biei‘,.osﬁlz ]
Messung | spannung | temperatur | temperatur l. 0.95¢m |] 0.950m 0.950m
ke/em? ° ‘e | ltr/20min. | ltr/20min. | ltr/20min.
Vorm. |
10—0 | 3 133 265 0 0 0
10—20 l v ’ .o 0.6 1.0 09
0-40 | ¥ v | 25 o5 | 10 | 10
1n-0 v 4 27.0 o5 | 0.8 1.1
11—20 ! ” 4 26.5 05 | 0.8 1.0
Nachm. | ' |
0-20 | 4 ” . BE | e —
0—40 il v r | %0 0.5 0.75 1.0
1-0 | 7 " 270 | 04 055 1.1
1-20 ” ” 27.0 0.6 0.80 1.2
1-40 | v w5 | 05 1.00 1.2
2—0 ’ v 278 | 07 0.9 1.2
220 i ” % 270 | 05 09 | 11
2—40 | 4 v 270 | 0.6 075 | 1.1
s—0 | ¢ ” 270 | 04 07 | 11
3—20 | " ” 27.0 0.5 09 | 1.2
3—40 4 4 270 0.4 0.7 ' 1.0
| | :;
| | |
. |
Mittlere ‘ I
Werte | 3 1.33 27.0 051 | 0.80 112
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TAF. (8)
l Niederschlagwasser
Rohrendurchmesser
| Absolute | Mittlere | 6'35031_ ol B
 Zeit der | Dampt- Dampf- Luft- Dicke von Asbestosfilz
Messunf?" spannung lte]:.nperatl-‘lr item}'r(-ratur ]__‘.2!1'-‘m i 2 29tm 4 2,%20111 3|
kg/em? l e | °¢ ‘ lir/20min. | 1&»/20min. | ltr/20min.
Vorm, 3 _._ _!_ .___-_\l._ 5] ———— _
10—20 3 133 | 27.0 0 0 | 0
10—40 A 4« | 270 i 04 | 0.4 ‘ 0.65
11—0 v 95.0 0.4 05 | 075
11—20 72 I 075 | 08 | 18
Nachm. i
0—20 v L 27.0 - — | =
0—40 v v | = o0 | o0s | o8
=0 ” ” 270 | 060 08 | 08
1—20 £ | ¥ 27.0 0.50 | 0.6 ‘ 0.7
1—40 & 4 38.0 040 | 0.5 0.9
2—0 v v or5 | 050 | 08 | 07
2—-20 £ # 27.0 l 0.40 o7 08
2—40 & i 7, | 27.0 0.40 0.8 i 0,7
3—0 i & : v I 27.0 | 0.40 0.7 1.0
3—90 fl v # i 27.0 . 0.50 0.8 . 0.8
3—40 N v | 280 | 040 07 0.8
4—0 ” ’ 28.0 0.50 0.8 1.0
|
|
|
Mittlere ' | | :
Werte | .4 133 | 27.4 L - 047 072 0.82
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TAF. (9)

Niederschlagwasser
Riéhrendurchmesser
Abgolute Mittlere | 6.85em i o e
Zeit der Dampf- Dampi- Luft- Dicke von Asbestosfilz
Messung gpannung temperatur | temperator 3._18cm W.— 4. 76em
‘ kofem? % % I 1tr/20min, | ltr/20min. I 1tr/20min.
Vorm, ' i )
9—20 g | 138 270 | 0 0 -0
9—40 S 27.5 0.4 0.5 0.7
10—0 i w5 | 04 0.6 0.6
1020 . | 250 | 04 0.5 0.6
10—49 v " 80 | 04 0.6 0.6
11—0 v ” 28.0 04 06 | 06
11—20 2 ¥ 29.0 0.4 06 o7
Nachm. |
1—0 # 2 29.0 | 0.3 0.5 0.6
1—20 y ” %0 | 05 | 08 | ox
1—40 ” ” 29.0 04 | 07 | o8
2-0 4 ” 20.5 0.4 i 0.5 0.5
220 v y 29.0 05 | 08 0.6
2—19 y Z 29.0 o5 | o1 | oz
80 ” v 20 | 04 | 06 0.7
3—20 ” Y 290 : o5 | o7 0.7
3—40 v v 290 | 03 0.6 0.7
Mittlere | :
Werte 3 138 20.0 0.42 0.61 0.65
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TAF. (10)
Niederschlagwasser
Rohrendurchmesser
| Absolute ]| Mittlere 6'35““__L Sodee _! i
Zeit der Dampf- | Dampf- Luft- Dicke von Ashestosfilz
Messung | spannung ’temperatur temperatur 4,44¢em ] 8.04m | 8.58um
1 e | v o ltr/20min. | lte/20min. | te/20min.
Vorm. |
9-40 3 [ 133 245 . 0 0 0
10—0 Ei v ‘ 4 [ 245 0.4 0.5 0.4
10—20 | » v { 25.0 0.3 06 | 0.6
10—40 # i l 25.0 0.4 0.7 0.7
11—0 v ¥ 25.0 0.3 r 0.5 0.5
1120 v ” 25.0 05 | o8 0.9
Nachm. | i
0—40 % 4 27.0 0.2 0.2 0.1
1—0 ' ¥ # arh 0.3 0.3 03
1-20 g v 275 0.5 0.5 05
1—40 ¥ 4 27.0 04 0.6 0.5
2—0 4 ¥ 27.0 0.3 0.6 0.7
2--20 # 2 27.0 0.4 07 0.7
2—40 # 4 27.0 0.3 0.6 0.7
3—0 L i 270 0.4 0.6 0.7
3—20 & ¥ 27.0 04 0.7 0.7
3—40 # ¥ 27.0 0.3 0.5 0.7
4-0 # # 27.0 0.4 0.5 0.6 -
E
Mittlere
Werte | 3 133 27.1 037 0.56 0,61

z\g,‘-
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TAF. (11)

Durchmesser | Dicke der ‘ Nieder- Mittlere
der Ashestos- | schlag- | Wirme- | Dampf- Tuft-
Rihre decke | wasser verlust ‘ temperatur temperatur
em cm | 1tr/20min. kg.cal/m st. l % e
6.35 0 204 | 674 1| 200 25
4 1.97 0.94 ; 310 | 4 41.1
” 1.91 0.85 i 280 ” 31.2
# 2.54 0.73 ' 241 & 36.7
& 3.81 0.78 257 L 36.6
1270 | 0 3.82 | 1259 200 125
% C 197 156 | 515 v a1
# ' 2.54 1.34 . 443 v 31.2
# { 3.81 | 1.05 ! 347 C 36.7
” [ 510 1.03 340 ” 36.6
20.30 ! 0 4.94 1630 200 425
7 | 1.91 1.85 611 y 411
4 - s 157 | 518 4 812
v | 510 120 | 426 v 36.7
” 6.35 ' 142 | 469 | v 36.6
TAF. (12)

‘Durchmeszer | Dicke der Nieder- i Mittlere
der \Hemischen schlag- | Wérme- ‘ Dampi- Luft-
Réhre Asbestosfilz wasser verlust | temperatur | temperatur
cm cm 1tr/20min. kg cal/m.st, ‘ % %
6.35 0 0.92 368 | 133 32.4
v 0.95 0.51 204 7 27.0
¢ 1.91 0.47 188 " 27.4
i 318 0.42 168 ” 29.0
% 444 037 148 7 27.1
2030 -0 212 849 133 324
o 0.95 0.80 320 7 27.0
* 2.22 0.72 288 P 97 4
% 3.49 0.61 244 v 29.0
& 6.04 0.56 [ 224 ” 27.1
28.00 | 0 | 2.83 i 1164 133 324
” J' 0.95 1.12 . 448 4 27.0
" | 2.22 0.82 3928 ¥ 274
# ! 476 0.65 ' 260 % 29.0
” 8.58 0.61 5‘ 244 | ” 27.1
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Bemerkungen

oo

Dergl.

der

Fanerer| s Te]{gjgf?a‘-rlgm‘ Wiirme- | Desgl. bei
Durch- zwischen - [
messer e desre;;:an?ign- vesbost bel 160°% i 1.1xQ | 0.000165x |0.001105%
der |Asbestos- Ii‘;i'lffé‘;g 1% Unter- | | (da*—di%) o
Leitung  decke Iﬁ?ﬁg schied  Untersehied
B da:di bt @ o o
= |
cm cm G ikg.c:ﬂ,."m.s‘t-"céﬁ;:-ml-.' r;:-srﬂli; Ll p.s/m p.8/m
6.94 0 152.5 442 | 571.0 6290 | 0 0.6930
L4 1.27 153.9 2.02 | 126.0 159.0 0-00639 0-1538
% 1.91 163.8 171 | 818 89.4 | 0.01120 | 0.0986
4 2.54 158.3 152 59.7 65.7 : 0-01600 0.0726
4 3.81 155.4 1.62 502 55.4 | 0.02720 0.0612
13.68 0 1525 8.25 1151.0 1269.0 ] 0 13990
# 1.27 153.9 3.35 202.0 352.0 [ 0-0125 (1.3668
v 2.54 163.8 2.71 . 166.4 183.1 0.0272 0’-2020
4 3.81 158.3 : 2.19 | 115.0 126.8 ‘ 0.0441 0.1890
’ 5.10 184 | 2 75 | 1073 ocem 0.1180
21.57 0 1525 i 10.70 | 1518.0 1670.0 i 0 1:-8-!00
Y 191 153.9 | 398 ‘ 355.0 391.0 li 00296 0.4330
L4 3.81 163.8 . 3.7 | 209.0 230.0 I 0.0640 0.2540
4 510 1533 | 2.69 | 1730 190.5 | 0.0899 0.2105
# 6.35 155.4 ‘ 2.96 157.0 173. . 0.1170 f.:i‘1910

Absolute Dampfspannung=16 kg/ecm?
Liinge der Leilungs-strecken=361 ecm
Korrektion der Wasserableitung = 0.89 ltr/20min
Flaschen=0.191 ;

0.364 ;

0.478

ltr/20min, entsprechend den drei verschiedenen

Grissen der Rohrleitung,

’
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ZAHLENTAFEL (14)

; i'_'L 1€ mL_::'—}wLLﬂ ‘;?.,_.‘_ ,h f.{::';'l\
: s

| ;g]ggrgw | verlust bei e ‘I»Ix o | 0-000165x |0.00082x
der -Asbestos-l If?rﬁfl(lllgrg s G | ¢
Leitung| g, | ﬁ‘;ﬁﬂf};% : schied Ul‘tt-f‘[‘-‘?.l’lhicdl
& | 2 :‘Td" t,—tr Qs ¢ | @
Lo | L
_em cm ‘e t.ah'm ste ,L;r;l:.::rl.{lﬂﬁ"c iﬁ?ﬁ]& I P.Sm P.3/m
6.94 0 ;! 95.6 3.85 253.0 2781 | 0 02280
” 0.95 101.0 2.02 94.0 107.0 0.00495 | 0.0849
” 1.91 1006 1.87 69.0 66.0 0.01120 | 0.0541
’ 3.18 99.0 170 200 | 440 | 002120 | 00362
” 4.44 100.9 1.47 35.0 38.5 0.03340 | 0.0316
21.57 0 95.6 878 | 705.0 776.0 0 0.6370
v 0.95 101.0 317 | 1480 163.0 0.01420 | 0.1338
v 2.22 100.6 2,86 | 975 | 1071 | 0.03481 | 0.0880
” 3.49 99.0 246 | 550 | L 60.5 0.05780 | 0.0496
¥ 604 | 1009 992 | 4.0 | 495 | 011510 | 0.0406
29.27 0 95.6 1208 | 960 | 10600 0 0.8700
v 095 | 1010 444 248.0 273.0 0.01930 | 0.2240
” 2:92 ‘ 100.6 3.26 '! 109.0 120.0 0.04670" | 0.0984
v 1.76 ‘ 99.0 2.62 I 555 61.0 | 0.10780 | 0.0500
| s '1 100.9 242 |, 400 |40 | 0220000 | 00361
L IA‘nso;uta Dampfspannu.ng—‘% Lﬁf cm?
i 2. Lauge der Leitungs- si.recken 361 cm
Bemerkungeﬁ 3 3. Lorrel\t.mu der Wagssar@bleltung =0.24 Ltr}’ 20min
4. Derul der Flftsché,ig %‘31 0.290

lt.r "’IJ min:’ cntsprechend| den drei verschiedenen
Gt ussm dLr Rolmlgltl‘iu
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Researches on Non-Ferrous Alloys for Marine
Engineering Purposes.
(On the properties of the new alloy * Silzin Bronze ™).
(Paper No. 613)
By Tokiji Ishikawa, D. Eng.

Introduction.

The recent development of manufacturing high tension bronzes, such
as manganese-, nickel-, and aluminium-bronzes, has increased the demand for
non-ferrous alloys as marine engineering materials; and they are now exten-
sively emploved for the manufacture of articles where great strength is
required, for instance, propellers, turbine blades, and others.

However, the ordinary bronze (the so-called gun-metal) is still favoured
as material for complicated castings such as steam or sea-water valves or
varieties of pumps.

It is a well-known faet that the ordinary bronze not only has low tensile
strength, but also eontains large quantities of tin, which is rather expensive;
besides, in bronze castings the phenomenon known as ‘‘inverse segregation’
is liable to oceur, and the easting lack the uniformity of struetural con-
stituents throughout; in consequence, nnsound portions are usually found
at the interior of the casting, It is also a matter of great difficulty to obtain
a sound bronze casting which stands high hydrostatic pressures after it is
properly machined. '

In spite of these various deffects above mentioned, the ordinary bronze
still predominates in many branches of casting industry, because of its facility
of casting and of the comparatively great reliability for hydrostatie pressure
provided the outer skin of the casting is not machined off, and especially of
its considerable resistance to the corrosive action of sea-water; further, it is
suitable for machine parts exposed to steam.

On the other hand, although the constituent metals of high tension
bronzes are cheap, the articles made of these alloys may become expensive
in the end, owing to the great diffienlties of casting. This is the reason, at
least up to the present time, why they have not been substituted for the
ordinary bronze. Indeed, as no one has yvet discovered an excellent alloy
which deserves as a substitute for the ordinary bronze, so the latter, irrespec-
tive of the great loss both in weight and in cost, is still in general use.

Light aluminium alloys have recently received a considerable attention
of the naval engineer for the weight saving of warships to comply with the
Washington treaty, and their use is steadily inereasing. But unfortunately
they are inferior in tensile strength and liable to rapid corrosion in the
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usual service condition as compared with the ordinary bronze, and also
are not suitable for the parts exposed to steam. So they cannot, of course,
be substituted for bronze in anything and everything.

With the present state of things in view, an attempt is made to find
some new copper-base alloys which meet the following requirements :—

(a) Mechanical properties should be 50-percent higher than those of
gun-metal, viz.,

Tensile strength, over 32 kg/mm’,
Yield-point, over 19 kg/mm?,
Elongation, not less than 10 percent.

The other properties determined by various dynamie tests should also
be higher than those of gun-metal, at least by 50 percent or even more.

(b) The resistanece to the corrosive actions of sea-water and steam
should be higher than that of gun-metal.

(e¢) Facility of casting so as to give reliability of articles.

(d) Not to be inferior to the ordinary bronze in hardness, smallness
of expansion-coefficient, and other physico-chemical properties.

(e) To avoid the use of expensive constituent metals such as tin, nickel,
ete., and the alloys should be comparatively light and, at the same time,
most economical for marine engineering purposes.

(I) Preliminary Experiments.

At the outset, preliminary experiments on a small scale were carried
out with .a view to ascertaining approximately the effect of several third
elements on the alloys of copper and zine.

The ternary alloys containing 10, 20, 30, 40 percent of zine respectively
with either silicon, or alumininm, or irom, or manganese, or antimony, or
caleium, or cadmium, or lead, or phosphorus, or chromium, as a third ele-
ment, were prepared for hardness and bending tests first of all.

The heats for this purpose were made in a small electric tube-furnace,
in the laboratory, the weight of each charge being 70 grammes approximately.
This guantity was found sufficient to allow one chill-easting (10 mm diameter,
20mm long) for hardness test, and one sand-casting (5 mm diameter,
100 mm long) for bending test to be made. The test pieces for hardness
test were polished smoothly after filing and tested by Vickers’ diamond
hardness tester. On the other hand, the fest pieces for bending test were
not machined and bent over a radius not greater than 5 mm.

The diagrams representing the compositions and the results of hardness
and bending tests of the ternary alloys are given in Figs. 1 to 12, in which
H10, 20, H30, H40 and A10, A20, A30, A40 denote the hardness-numbers
and the bending angles for fracture of the alloys containing zine 10, 20, 30,
40 percent respectively.

1 551;
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wl) Exploratory Heats. ,

The compositions of the alloys for exploratory heats were decided from
the results obtained in the preliminary tests carried out for the purpose of a
general exploration to determine the range of useful alloys. The heats for
this purpose were made at the small foundry attached to the Metallurgical
Department in the Naval Technical Research Institute, the weight of alloy
made per heat being 9 kilogrammes approximately. This quantity was
sufficient to allow three small chill-castings and three sand-castings for test
pieces to be made. The easting moulds used in these exploratory heats are
shown in Figs. 13 and 14,

The grades of the materials used for small heats were as follows:

Name. Grade. Purity.
Copper ......ceen cathode copper ...c.iiivvneaiiiacs B!].?JS
b, L Y T I ETCe VE T ) 1 T 99.98
Manganese ...... metallic manganese ............... 99.71
V.51 1 R e R electrolytie zine ..ooccoiasoesiies 99.97
Silieon ..uuseaes mefallie GHEON. .uiuwvsm v vwmans saa 98.00
Niokal. . .oouwsrsess nickel shot .....ovniiiniininnnnns 99.75
Chromium ....... metallie echromiom ..........00. .00 96.14
TR0n: +cvwiaavissie low earbon iron .......... T.C,, 0.08; Si, 0.06;

P, 0.05; 8, 0.033,

Method of melting and easting of the alloys:—The crucibles employed
were of ‘‘Standard’ No. 10 and the process of melting adopted was as
follows :—

Copper was first melted under a layer of charcoal, next the third metal
was added and heating was eontinued until the added metal was completely
dissolved, and lastly zine was added. The erucible was then taken out of the
furnace and the molten alloy was mixed by stirring with a graphite rod.
The erucible with its contents was then allowed to cool to the desired casting
temperature, the surface being skimmed after a while. The chill-castings
were first cast then the sand-castings,

Mechanical tests on exploratory alloys:—The castings were all machined
to the dimensions of the standard tensile test piece, 50 mm in gauge length
and 14 mm in diameter.

In tables or diagrams, the higher values of the duplicate tests are given;
there were no considerable diserepancies between duplicate results. Where
these diseripancies did oeccur, they were found to be aseribed to small loeal
defects in the castings.

(II1) General Results of the Ternary Alloys Cu-Zn-X.

(1) The alloys of ternary system with 10 percent of zine.
a) Cu—Zn-Si system. In Fig. 15 (Table 1), with inereasing silicon
and decreasing copper, a decided and steady rise in ultimate stress, yield-
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point, and hardness accompanied by a fall in shrinkage will be observed.
With regard to elongation and ductility, they rise rapidly at first, pass a
maximum point, and then fall with a further inerease of silicon (above 2
percent in elongation, above 4 percent in duetility). The practical limit
appears to lie in the neighbourhood of 5 percent of silicon where an elanga-
tion of 22 percent is still retained. The chill-castings of the same group of
alloys have no distinguished difference from the sand-castines. The alloy
with 5 percent of silicon appears to fulfil the required properties mentioned
in the introduetion and seems to suggest a field for further careful study.

bh) Cu-Zn-Al system. In Fig. 16 (Table 1) it will be seen that the
variation in mechanical properties of the alloys with increasing aluminium
shows nearly a similar tendency to that of the alloys eontaining silicon except
the fact that the shrinkage does not fall at all with increasing aluminium
up to 5 percent, which leads to the difficulty of casting. The chill-castings
of these allovs present alwayvs considerably better results than the sand-
castings.

¢) Cu-Zn-Fe system, Cu—Zn—Mn system and others.

The alloys were improved very slightly by inereasing iron up to 5 per-
cent, and also by inereasing manganese up to 20 pereent, as shown in Figs.
17 and 18 (Table 1).

The addition of nickel increases both the yield-point and ultimate siress,
and decreases the elongation very slightly ; tin and phosphorus also incerease
the ultimate stress but decrease the elongation rapidly. The addition of
lead, or cadmium, or calcium decreases both the ultimate stress and elonga-
tion.

(2) Ternary alloys with 20 percent of zinc.

The effect of various third elements on the copper-zine alloy with 20
percent of zine was found to be qualitatively very similar to that of the
alloy with 10 percent of zine, but generally being more sensitive in increasing
hardness.

a) Cu-Zn-Si system.

The addition of silicon to the Cu-Zn alloy with 20 perceni of zine gives
so good mechanical properties that it nearly satisfies the rviguirements in
both the sand- and chill-cast eonditions without much difference hetween
them. The diagrams representing the curves of the ultimate stress, vield-
point, elongation, hardness, and shrinkage of the sand-eastings of these alloys
are exhibited in Fig. 19 (Table 2).

b) Cun-Zn-Al system and others.

The results of the mechanical tests on sand-eastings of the alloys
with aluminium, or iron, or manganese are shown in Figs. 20, 21, and 22
(Table 2) respectively. The chill-castings of these alloys, however, present
considerably higher results, and some alloys containing aluminium or
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manganese show such high strength and ductility as they easily satisfy the
requirements except a rapid increase of solidification shrinkage.

(3)  Ternary alloys with 30 percent of zinc.

In Figs. 23, 24, 25, and 26 (Table 3), the results of mechanical tests
on sand- castings of the ternary alloy with silicon, or aluminium, or iron,
or manganese respectively are shown. The chill-castings of these alloys give
always higher results than the sand-castings and the difference between them
is more remarkable than in the cases of the ternary alloys with 20 percent
of zine.

(4) Ternary alloys with 40 percent of zinc.

The addition of silicon, or aluminium, or iron, or manganese to the
Cu-¥n alloy with 40 percent of zine raises the ultimate stress and diminishes
the elongation. In Figs. 27, 28, 29, and 30 (Table 4), the results of the
mechanical tests on sand-castings of these alloys are shown. The chill-
castings of the same group give somewhat higher results. The shrinkage
of these alloys increases with the inereasing percentage of the added metals.

(5)  The effect of aluminiwm and iron on the ternary
alloys of Cu-Zn-Si system.

The addition of aluminium or iron to the Cn—Zn alloys always increases
their strength; hence, it may be expected to obtain better mechanical pro-
perties if they are added to the ternary alloys of Cu—-Zn-—Si system, so the
quaternary alloys have been examined with this end in view. In Tables 5
and 6, the results of the tests on sand- and chill-castings of these alloys
are given. If is to be seen that the addition of aluminium or iron produces
a great difference between sand- and chill-castings in the results of tests.
The properties of the sand-castines were rather spoiled by the addition of
them, while the strength of the chill-castings were considerably improved.

(IV) Further Study of Selected Alloys.

Looking baek upon the principal results obtained from the present
investigation, the ternary alloys of Cu—Zn-Si system which have great
advantages, chiefly consisting of a high strength and a low solidification
shrinkage, may be considered as most unseful casting alloys; this invite a
more careful study of these selected alloys. In Tables 7 and 8, the results
of the tests on these serviceable alloys of the same system are given. Among
them, the alloys with less than 20 percent of zine, which are called “*SILZIN
BRONZE’ by the anthor, will be most suitable for an alternative to gun-
metal, and alloys Nos. 11 and 17 are specially recommended for important
parts.

The influence of pouring temperature:—The pouring of alloy No. 11
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(Cu, 85; Zn, 10; Si, 5), was made at four different pouring temperatures.
The results of mechanical tests on these castings arve given in Table 9.
Some of the specimens were cast at as low temperature as possible, e.o.,
915°C which is only about 15°C above the freezing-point. Its mechanical
properties are superior in every respect to those of the specimens cast at
considerably higher temperatures.

Bars forged to 25 mm diameter :—The ingots for forging were 80 mm
diameter and on an average 500 mm long and were forged to 25 mm by
a 1/6-ton air hammer. The results of tests are given in Table 10. Up to
5.5 pereent of silicon in the base alloys up to 15 pereent of zine, the
mechanieal properties are deecidedly superior to those of the castings. The
yield-point and ultimate stress reach very high values while the elongation
and resilience are also higher than those of the chill-castings.

Specific gravity :—The specific gravities of the selected alloys were
measured at the ordinary temperature on sand-castings, chill-castings, and
bars forged to 25 mm. The results are given in grammes per cubic centi-
meter in Table 11.

Elastic modulus of the selected alloys:—These tests were carried out
on turned specimens, 14 mm in diameter and with a parallel portion
allowing 200 mm between gaunge marks. The extensions of the specimens
were read by Marten’s extensometer and readings were taken at every in-
crease of 500 kg in the actual load. The results of these tests are given
in Table 12.

It is noteworthy that the elastic moduli of these alloys are much higher
than the other ternary alloys of copper-zine base.

Bending tests on the castings:—Test pieces for bending test were
machined to the size 10 mm thick, 20 mm broad. The test piece was placed
on two supports 80 mm apart and pressed down at the eentre by a die
of a radius equal to the thickness of the test piece. The test pieces of
gun-mtal also were tested by the same manner, The results of these com-
parison tests are given in Table 13.

Repeated-bending impact tests on notched specimens:.—

These were carried out on a machine specially designed for this purpose
by Dr. T. Matsumnra (Matsumura’s alternating stress testing machine).
The specimens were turned to 15 mm diameter with a eireular grooved noteh
at the centre, the diameter at the bottom of the noteh being 12 mm.

They were placed on knife-edges 120 mm apart and struck over the
notch by a falling tup alternately at each end of a diameter. The reversals
of the specimen between successive blows were performed by means of the
motion of a link attached to the machine. The results of the test are given
in Table 14.

The resistance of these ternary alloys to repeated-bending impact is
remarkably high while that of gun-metal is very low.

Tensile tests at high temperatures:—Tensile tests at high temperatures
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were carried out on the sand-castings of alloy No. 11, gun-metal, and
forged bars of the former. A small electric tube-furnace was used and
the specimens were kept at a desired constant temperature during one hour
so as to obtain a-uniform distribution of heat along the length. The results
of these tests are given in Tables 15 and 16. The tensile strength of these
allovs appears to be well retained up to a temperature of about 300°C.
The elongation of alloy No. 11 appears to decrease as temperature rises,
attaining a minimum at a point between 400°C and 450°C, and then
increases very rapidly. '

Sea-water corrosion tests (single) :—The tests were carried out on alloys
Nos. 11 and 17. Each alloy was cast into round bars of 60 mm diameter,
80 mm long. These were machined accurately to a disk form of 50 mm
diameter, 5 mm thick, and a small hole was drilled at a point near the
periphery. These specimens were subjected to corrosion by sea-water.
Moreover, in order to compare the behaviour of these alloys with that of
other eopper alloys, each speeimen of two kinds of gun-metal was prepared.

Fach specimen was separately suspended in each beaker containing
500 e.c. of sea-water by means of a glass hook. In order to keep the speei-
mens at a constant temperature of 30°C, these beakers were kept in a large
common hot-water bath which was maintained at a desired temperature by
an electrie heater with an automatic regulator.

The specimens were taken out for examination and weighed af the
interval of a week and the sea-water was changed at the same time.

The results of the experiments are tabulated in Table 17. Each figure
denotes the loss of weight in grammes per square cm at the end of every
2 weeks. '

In Fig. 31, the actual loss of weight of the specimens is plotted against
the time of immersion. The rate of loss in weight for alloy No. 11 rapidly
decreases after 4 weeks, and alloy No. 17 shows a very small rate of loss
from the beginning. while twe gun-metals appear to lose more steadily.

It is also to be seen that the amount of loss of alloys Nos. 11 and 17
iz very small as compared with gun-metal.

The constitution and microstrueture of the alloys:—

Althongh the author hopes in the near future to make the systematie
study of the entire ternary system of (Cu-Zn-Si, yet for the time being
his investigation of the constitution of the alloys will be confined to the
determination of the freezing points and the microstructures of a few useful
alloys. In Figs. 32 and 33 the inverse rate cooling curves of the two series
of the alloys with 10 percent and 15 percent of zine are shown.

Also, the changes in the maximum solubility of silicon into the g-solution
of the Cu—Zn base alloys with inereasing content of zine, were determined
at the temperatures of 400°C and 800°C respectively. Those solubility
curves are shown in Fig. 34,

The microstructures of a few useful alloys are shown in Figs. 35 to 46.
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Conelusion.

From the results of the present investigation on the properties of
ternary alloys produced by adding various third elements to the binary
copper-zine system, it has been shown that metallic silicon and alumininm
have the most remarkable influence upon inereasing the strength of the
base alloys. But the addition of metallic aluminium- results in a high
solodification shrinkage, hence the castings would not be reliable, in other
words, while the chill-castings bring about comparatively good tensile pro-
perties, the sand-castings show rather inconsistent results, and very seldom
give excellent properties,

On the contrary, the addition of silicon decidedly reduces the shrinkage
and inereases the fluidity, except in the case of the base alloy of 60: 40 brass,
and gives very favourable properties for the production of good castings.
Both the chill- and sand-eastings also give exeellent results under tensile
or other dynamic tests without much difference between them. The facility
of casting and high malleability are the most remarkable features of this
kind of alloys. It may well be said that, in all respects, the ternary alloys
obtained by adding metallic silicon to the copper-zine alloys are the most
serviceable bronze.

Those alloys whose compositions lie in the region of zine less than 20
percent with from 4 to 5.5 percent of silicon are exceedingly suitable for
both forging and easting purposes. Particularly the results of examination
on various physical and chemical properties of these two alloys, viz., the one
containing 10 pereent of zine, 5 percent of silicon, and the other 15 percent
of zine, 4.5 percent of silicon, show that they are exceedingly superior to
gun-metal in strength, lightness, and resistances both to sea-water corrosion
and to high pressure, ete.

They can, therefore, not only be substituted for gun-metal in naval
design, but also will find a much wider field of practical application than
gun-metal because of their high strength.

Taking into consideration the cheapness of contituent metals, the low
density, and the high strength by nsing these new alloys we can save safely

over 20 percent of weight and not less than 30 percent of manutacturing

cost as compared with gun-metal castings.
The outstanding e¢haracteristies of the new alloy, ‘‘Silzin Bronze,’’ may
conveniently be summarized as follows:—
(a) Towssolidification shrinkage and the facility of both casting and
forging.
(b) Iigh tensile strength and high elastie limit together with a good
deal of elongation.
(e) High elastic modulus.
(d) High toughness and high vesistance to shock.
(e) High resistance to hydraulic pressure.

By v S
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(1)
(g)
(h)

(1)
(3)

Stability when exposed fo steam at high temperatures.

Facility of machining and brightness of its highly finished surface.
High resistance to sea-water corrosion (the cast valve-body and the

forged valve-spindle of these alloys withstand better the corro-

sion).
Relatively low density.
Cheapness of the articles made of these alloys due to the sub-

otitution of silicon and zine for expensive metals such as nickel

or tin.
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.Bending Angles of the Alloys with 10, 20, 30, 40%Zn.
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Fig, 13.
Casting Mould for Sand-Castings.
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TABLE 1
Tests on Sand-Castings.
fas | | ; | Linear
R Yield- = Ultimate| L.o"8%" |Reduetion st | Brinell | Copirac-
Point. | Stress. | 5o,y |ofArea. | (Izod). |Hardness  (shrink.-
cu | Zn kg/mm | kg/mm o 9% abr;o_i]%ed Number. agf)
si ’
9| 10| o 76 | 162 16.4 435 455 42 1.97
89! , 1 5.5 | 18.4 28.2 462 | 616 46 1.78
|
88| , 2 6.2 26,4 63.4 52.2 | 7.27 54 | 178
87| » | 3 94 34.7 474 52.2 9.20 65 | 167
8 | , | 4 148 | 438 46.4 50.8 9.36 85 i 1.33
8| »| 5 28.2 | 49.0 22,6 224 4,90 109 1.50
84| ., | 6 30.7 48.6 6.0 79 | 105 136 1.33
I —]
Al | |
sof|10| 1| 55 29.6 310 52 | e1r 4 1.95
87| ., | 3| 61 24.7 48.0 50.6 6.04 46 | 193
851w | B 7.7 24.3 50.0 52.0 6,64 49 i 1,90
83| , | 7 19.2 34.8 9.0 9.3 1.22 100 | 167
82 , | 8 31.3 41.3 14 2.0 0.25 143 | 1.52
81| , | 9 309 328 0.4 0.6 0.20 281 | 150
!
Fe .
89| 10| 1 10.0 21.0 17.6 38.0 3.81 51 | 193
g A 11.2 25.9 15.0 34.6 3.25 87 | =10
8| , | 3 11.8 29.8 24.8 35.9 2.86 65 211
8l | 7 12.1 28.0 15.2 212 2.60 69 1.93
80| , | 10 12.8 22,2 6.8 12.9 .27 66 2,00
Ma | '
86| 10| 4 ; 84 20.5 18.6 3L5 | 5.74 52 1.83
80| ,| 10| 99 24,9 23.0 32.0 6,00 54 1.60
57 (ot v |8 5 10.8 20,9 36.0 39.5 6,04 57 | 177
70| , | 20| 131 | 315 234 29.7 3.60 61 | 177
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Alloys with 10 pereent Zine. (See Tahle 1), Alloys with 10 percent Zine. (See Table 1). |
Sand-eastings. Sand-castings, |
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TABLE 2
Tests on Sand-Castings.
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Composition,
% Yield-
T T T T A e
Cu | Zn kg/mm?*
Si
80 | 20 0 4.1
i 1 6.9
s .| 2 9.2
il I 3 12,7
T 5 4 20,4
Al
79| 20 1 a7
i [ 3 7.0
76| 4 2.0
| ] 20,1
T4, (5 27.6
Fe
79| 20 1 97
TT| = 3 115
B ow 3 11.5
0] ., | 10 11.9
Mn
6| 20| 4 7.6
e 8 9.7
70| , | 10 1.7
ol o5 | TS 14.6
60 ,, | 20| 172

Ultimate
1

Stress.
kg/mm®

19.3
18.4
29.6
43.9
49.6

]
; =
e e

o
=]

Lo
=
La

5] (8]
g
o =

|

| Efﬁ?ﬁ;;_ Reduetion Irg‘g:;te : Brinell
piagn. ot A | (). Barmue

2 absorbed

38.0 52.5 5.43 31
28.0 34.9 ﬁ.éﬂ 55
38.0 44.9 8.70 60
21.6 33.4 6.20 73
9.6 10.8 145 128
36,0 51.0 G.43 38
a3.2 52.0 7.30 43
26.0 32.5 8.48 50
8.0 18.4 4.90 89
8.2 19.6 l;.‘iﬁ 128
15.0 313 3.85 o8
2.6 23.5 3.95 68
8.8 13.7 1.90 56
7.0 13.0 215 56
29.0 30.8 3.67 44
30,0 36.0 4.67 G4
32.0 324 5.05 61
14.0 22.2 6.04 70
11.0 21.6 4.65 85

Linear
Clontrae-
tion.
(Shrink-
age)

(]

1.77
1.90
1,78
1.67

" 143

1.95
2.00
2.03

2.05




Alloys with 20 percent Zine.

Sand-castings.
Fig. 19.
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Alloys with 20 percent Zine.

Sand-eastings,
Fig. 21.
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L84

TABLE 3
Tests on Sand-Castings.
e I I I B s
% Y!{jld— Ultimate | h'_?;;lf'}']: Reduetion Test Brinell tion.
_Pom'r..g Sh.'ef;r;.2 50 Tam. of Area. (Izod) HTurduess (Shrink-
ou | Zn kg/mm® | kg/mm* | * o 9% m-l.cg Number. age)
i absorbed o
Si
70 [ 30| O 4.6 20.7 508 50.3 3.72 42 1.67
69 - 1 9.3 30.3 48,0 4.7 4.95 63 1.67
685 , [ 15 125 33.9 24.0 28.4 3.60 76 1.43
68 | . | @ 18.6 32.1 5.6 0.3 1.25 107 1.33
Al i
69 | 30 1 7.5 22.4 38,0 40,0 6.90 49 1.70
68 | , | 2 104 36,3 40,6 67.0 7.30 67 1.70
ar | ., I3 271 43 | 80 16.4 2.46 107 1.70
65 | ,, | 5| 466 56,7 2.6 7.3 245 144 1.50
63 | ,, | 7 11.0 11.5 | 0.2 2.8 0.15 251 1,83
Fe ‘
69 | 30| 1 | 10,7 28,5 . 27.6 31.0 1.37 64 1.67
65| ,| 5| 126 27.4 12,0 25.0 3.20 41 177
G3 it 7 [ 11.8 25,9 20.0 21.6 4.90 67 1.60
61 » 9 128 35.2 26.0 311 2.60 81 1.58
59 R i 14,9 38.5 | 41.2 43.3 5.80 73 1.57
AMn | ‘
66 | 30| 4 ; 8.3 23.5 41.0 | 43.8 4.35 46 1.75
64| , | ® T 22.9 266 | 306 5.85 54 1.70
60 | , |10 | 189 201 | 130 | 254 3.81 65 1.67
56 s | 14 18.5 327 i .6 ‘ 12,7 1.40 87 1.77
56|, |16 | 234 30.7 ‘ 3.0 4.3 1.30 100 2.00




Alloys with 30 percent Zine.
Sand-castings.

Fig. 23.
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Fig. 25.
Wt | T
L]
3 il | | e
: 44 =3
”_E\ I [ ws | /../,.‘
3 Y*” -<__./ [ s
A3z 40 .
3 |\ H|T 2
R L -
° Y, I i Fr
111'-1:3 \%i% /‘( ; |

M.
S TR
: ) .
o
-
Hannpad Haomben

Alloys with 30 percent Zine,

Sand-castings,
Fig. 26.
ﬁ?iﬁ-.‘
e | |
—
§ fi ]
40 &
W uws |
3 = | et
giﬂ [ 4P == 40
e o £
- - <]
I . g\
’ > N
m-kg | J%s-, B | g
o7 | \T\I |
A=
% || i
i = —II :“_‘:,% — rae
$ SN ;
I il
'} | | ')/ 1] ‘§.
“% i AR w
§ 4 ! ] 3
gl = P T s W S e (W
b ! s;— =k S
= | wedagt ! g‘
- '
L 5 8 w2 e oL
Mn

{5




‘j,_,

(Paper No. 613)

TABLE 4
Tests on Sand-Castings.
s igs Linear
Cmpgzmm Yield- | Ultimate | {20"5%" |Reduetion TR2et | Beinen SR
— 7 1 |  Point. | Stress. EiiR of Area. | (Izod). | Hardness | (gpink-
Cu | Zn kg/mm® | kg/mm? 9% m-kg Number. age)
absorbed o,
8i
60 | 40| o 9.3 33.8 33.0 35.0 7.10 63 1.52
95| » | 05 175 40.6 16.0 30.0 5.10 96 1.56
59.25 ., | 0.75 247 46.3 11.0 19.6 445 117 1.66
39 | .| 1| 206 49.0 | 130 22,2 3.46 123 1.70
Al
9.5 | 40 | 0.5 160 40.3 22,6 23,9 5.00 63 170
0 | 5| 1| 2z 48.7 13.5 16,2 3.90 08 177
585 | ,, | 15 251 50.0 8.6 95.5 4.20 114 1.85
1R (S 20.8 52.2 7.8 10.3 3.80 117 1.90
Fe
58 40| 2| 133 417 35.0 36.6 8.20 78 1.67
56 | sl & | 132 42.0 92.0 26.4 6.60 80 1.67
52 | .| 8| 156 461 | 16.0 922.8 5.10 88 1.73
50 |, |10 15.2 49.4 ! 15.0 19,2 4.90 96 1.83
48 | ,, (12| 144 41.0 H 11.0 7.3 4.20 105 1.70
16 o o 47.0 ‘ 14.0 11.3 4.70 100 1.67
Mn ‘
38 | 40| 2 114 37.0 ]: 23.2 20.3 7.10 68 1.48
36 w | 4 173 30.2 | 17.0 19.9 4.27 84 1.67
565 | 55 199 44.9 15.2 19.6 3.60 100 1.70
3| .| 7] 203 46.0 7.8 12.6 2.55 110 1.89
30 |30 ‘ 32,0 39.6 3.4 3.1 1.90 136 1.93
@ |, 12| 299 32.6 2.0 2.6 135 | 140 2,16
16 ‘ i iu | 23.7 25.0 1.6 — 0.46 193 2,50
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TABLE 5  Tests on Sand-Castings.
Composition. | Linear
- b il I‘i:igld- Ultimate| Flonga- | feduc ! il C“;;@;ﬂ“'
| mut.s kSl}-eas'._. 50 mm. Avea, (Iz_(lld>' réauﬁ%zis (Shrink-
Cu | Zn | 8i kg /mm* | kg/mm 4 % I-ﬂi)smorlfnd -| age)
Al |
855 10 | 4 | 05 16.9 383 24.6 34.3 5.30 84 1.66
gl g I 1 16.6 426 | 23.0 30.8 5.74 96 1.66
ga5( | . | 15 17.8 447 19.0 22.2 5.2) 102 1.56
&l ol |2 17.0 39.0 8.8 171 3.35 112 1.55
8 | , | 45| 05 14.9 33.1 11.0 21.1 4.06 80 1.50
845 , | ., |1 29.4 435 6.6 151 | 350 145 1.50
8 | 45 | » |15 | 818 41 | 60 124 | 380 130 1.44
83.5| , - | 2 | 244 426 | T4 144 2.90 116 1.33
845| ,, |5 | 05 20.6 442 6.8 nx | ozso 122 1.66
84 » ,. I1 ‘ 27.7 44.5 ! 6.6 1 8.00 122 1.63
l.' i Fe ‘ ‘ i
8 |1 |5 |0 | 250 47.0 15.4 19.0 | 123
845| . | s 'n.si 30.9 526 | 13.0 111 | 129
@l lsl1 | %5 497 13.6 111 ‘ 122
885 ,» | » | 15| 271 | 461 | 110 8.6 | 100
8 | . | ., |2 267 | 404 ‘ 5.6 48 | 102
TABLE 6 Tests on Chill-Castings
Composition, o0 Impact
Yield- | Ultimate | 3 O'&%" |Reduction| Test | Brinell
T | ke o2 | w5 | O
Cu | . si | 5 | s % ’ absm'l?ed '
| Al I
855 10 | 4 0.5 159 | 5.0 53.0 420 7.75 106
8 | . W 1 18.5 53.8 36.6 31.6 6.43 100
85 » 15 18.6 53.5 354 3L1 6.15 114
8 | i 2 25.0 54.9 25.6 20.7 5.05 116
85 W 45 | 05 17.3 50.5 47.8 30.7 7.10 102
845| i 1 347 57.4 24.0 26.5 4.35 133
st |, = 1.3 30.0 574 20.0 23.1 4,10 130
835 , N 2 22.0 57.0 22,0 25.5 4.15 128
845| 5 0.5 32.9 54.7 16.0 17.0 2.73 135
84 » " A 315 56.8 18.0 19.6 345 132
Fe !
8 | 10 | 5 0 26.4 46.1 12.0 13.4 114
85| & 0.5 33.1 57.4 22,0 185 133
84 iz & 1 30.2 54.2 17.0 12.6 128
83.5| 5 15 20.2 50.5 8.0 7.8 122
83 5 . 2 20.3 45.9 6.4 5.5 114
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TABLE 7
Tests on Sand-Castings of Selected Alloys.

aia | 1 Linear
N R A b R e B
No. Cul zn| s kg/nm'l” k;g/!nﬁ;” ;';ﬂ;m. A;ga. m-kg. 'i\:u.mber. (&ggél)lk_
9 absorbed oy
1(98 | 38 |4 14.4 31.2 32.0 26.5 7.43 74 1.73
292 | , |5 18,0 422 224 324 2.20 117 1.66
392 | 4 |4 16.3 36.2 29.0 24.1 6.93 79 1.66
491 |, |5 921.3 41.0 20.6 25.8 4.60 03 1.60
915 | 5 |45 16.7 40.7 21,2 124 475 100 1.55
6190 | » |'s 17.5 442 | =220 30.5 2.40 104 1.53
718 | , |6 27.6 39.8 5.6 8.1 2.30 1921 1.43
g (875 7.5|5 21.3 463 | 240 | 279 2.70 109 1.58
0|8 |10 |4 14.8 43.8 46.4 i 50.8 930 | 8 1.55
10 (855 | » |45 18.3 45.7 3.0 | 250 6.95 04 1.50
11 (85 | » |5 28.2 49.0 226 | 924 4.90 109 1.50
12 (845 » |55 32.0 51.7 124 | 161 2.35 136 1.50
13 835 [ 125 4 17.7 45.6 354 | 319 6.30 o4 143
14 (825] , |35 34,2 54.9 160 | 209 3.95 120 143
15 (82 | , |55 32,7 44.6 4.6 2.8 1.26 185 120
16 (81 |15 |4 19.9 50.4 27.0 35.9 6.53 100 143
17 1805 ), |45 31.3 53.2 22.8 19.4 5.25 122 1.33
18 (80 | ,, |5 34.0 50.5 11.0 14.0 3.05 124 1.30 e
19 |77 |20 |3 12.7 41.9 44.0 35.1 7.55 73 1.53 _
a0 (76 | , |4 28.4 49.6 0.6 10.8 145 128 1,43
o1 |68.5 |30 |15 12.7 34.3 23.6 30.0 3.60 77 143
22 (68 | ,, |2 18.6 32.5 6.0 10.6 1.28 107 1.33
23 |59.5 | 40 | 0.5 17.4 40.1 160 | 301 5,10 96 1.56
24 (59.25| , | 073 247 46.3 1.0 | 196 445 | 110 1.66
25 (50 | ., |1 0.6 48,7 13.0 ; 22.2 3.46 ! 123 | 170




(X,

4

TABLE 8
Tests on Chill-Castings of Selected Alloys.

(Paper No. 613)

Composition.

Alloy|
No.

Cu
1|93
2192
3|92
4 | 91
5 | 90.5
6 | 90
7| 89
8 | 87.5
9 | 86
10 | 85.5
11 | 85

12 | 845
13 | 83.5
14 | 825
15 | 82
16 | 81
17 | 80.5
18 | 80
19 | 77
20 | 76
21 | 68.5
22 | 68
23 | 595
24 | 59.25
25 | 59

Zn

=
19
It

e
37

L
o

&

(]

0.5

0.75

Yield-
Point.
kg/mm*

121
-20.1
14.9
194
15.8
20.7
21.0
214

147

Ultimate
Stress,
kg/mm*
42,2
40,9
43.8
46,5
40.6
43.6
33.2

E!?}Tﬁ: Reduetion Il’%z:td Brinell
s, e A | B
% * absorbed

54.0 425 9.40 78
154 19.8 3.00 109
51.0 33.0 7.93 77
23.6 31.0 4.70 100
31.0 1901 6.97 87
18.0 20.3 3.25 109
11.0 10.8 3.20 114
234 20.3 4.24 107
51.2 441 9.70 87
36.1 37.1 7.60 99
27.0 20.8 4.55 118
14.0 13.7 2.10 136
220 19.8 6.15 87
140 13.8 0.90 125
12.0 13.8 1.35 136
38.0 23.5 6.50 104
240 21.8 5.93 123
140 13.8 2.80 128
48,7 44.8 6.45 83
6.0 85 0.75 139
208 30.5 3.69 81
16.6 20.6 1.48 102
30.0 271 5.90 109
12, 19.0 4.66 119
12.0 16.7 4,10 121
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Mechanical Tests on the Casting of Alloy No. 11 (Cu 85; Zn 10; 8i 5)

Poured at different temperatures.

! Impact
Pouring | Yield- | Ultimate | Elongation Reduetion| Test Brinell
Temp. Point. | Stress. on 50 mm. | of Area. | (Izod)., | Hardness| Condition
2k kg/mm* | kg/mm® % o | mkg Number,
| absorbed |
1,080 25.7 483 21.2 27.0 4,80 iy SR
Casting
070 25.8 48.9 20. 24.1 4.25 122 a8
945 27.3 402 21.2 20,7 4,60 125 3
915 28.4 49.0 17.0 23.4 | 4.30 125 0
= : | Chill-
. of 0 | A ]
1,030 _ 20.3 53.9 26,2 313 | 4,60 124 Casting
270 244 024 22, 24.5 4.80 124 .
o045 21.6 52.6 21,2 228 | 4,62 125 e
915 21.1 56,1 28.0 26,0 | .00 125 4
TABLE 10
Tests on Forged Bars (25 mm dia.)
Clomposition. E TImpact
All % Yield- Tltimate | Elongation Brinell | Test
ng Point. Stress, on 50 min. Hardness i (Izod)
- - kg/mm?* kg/mm* % Number. m-kg
Cu | Zn | Si absorbed
88 7.5 4.5 129 40.7 56.8 72 8.57
8 875 » 5 32.2 a7l 32,6 128 5.02
87 1 3.5 37.8 63.0 18.7 154 3.12
86.5| 6 41.1 61.2 9.6 159 117
9 86 | 10 4 18.7 40.6 60.2 89 8.51
10 83.5| 5, 4.5 20.4 47.7 42,8 93 7.80
11 83 - 5 38.3 66.8 28.0 148 5.70
2 85| ,, 3.5 34.4 60.9 17.4 147 3.90
16 81 15 4 18.7 4.1 48.0 100 847
17 85| w» 4.5 36.2 66.5 20.7 135 5.32
18 80 i 5 38.0 61.0 20.6 154 3.12
9.5 . 5.5 40.3 524 12.0 178 0.93
78 20 2 14.6 41.5 69.4 76 10.89
19 |77 ] , | 8 15.9 51.6 51.6 100 6.60
7651 3.5 18.1 52,7 32,0 101 [ 6.00
20 76 5 + 251 D26 12.6 138 1.70
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Specific Gravities.

TABLE 11

(Paper No. 613)

Compgjition. Speeifie Gravity.
Alloy No. | STt =i
Cu Zn Sand-Casting Chill-Casting Forged Bars
Si

9 . 86 10 4 8.39 8.38 8.39

10 85.5 % 4.5 8,28 8.32 8.33

11 85 . 5 8.25 8.27 8,98
12 84.5 i 55 | 8.24 8.24 8.25
16 81 15 4 | 8.30 8.29 8.33
17 80.5 3 4.5 8.26 8.26 8.28
18 80 Py 5 8.23 8.23 82,4
19 T . 20 3 | 8.54 8.34 8.36

20 6 | o 4 i 8.95 8.23 8.96

e
G.M. 88 2 10 | 470 8.7
TABLE 12
Compgfition' i Elastic Modulus in kg/em®.
No. —
Cun Zn =i ‘ Sand-Casting Chill-Casting
== [

9 | 86 i0 | 4 1,012,500 873,000
10 ; 85.5 W 4.5 | 1,063,500 997,600
11 | 8 & 5 ; 1,086.000 1,033,000
12 | 845 = 55 | 1,105,700 1,066,000
17 | 80.5 15 4.5 1,121,181 1,037,333

Cu Zn Sn |
G, 88 2 10 : 961,000 043,000
|




TABLE 13
Bending Tests on the Céstij_lgs.

(Paper No. 613)

Composition, _
Alloy % ?533_‘ Deflection. | E:Eld:;% I ‘?J‘e‘ghl:ntt“ !
Moo o] | R | | memea | |
g : |
Qi I' i '
9 86 10 4 1,290 25.3 88 38 Sand-Casting
10 83.5| o 4.5 1,650 19.6 74 98 o
1|8 | » | 5 1,460 13.2 47 47 5
12 845 5.5 2,840 8.2 24 24 W
16 [ 81 |15 | 4 1,780 266 | 67 113 "
17 | 805 » | 45| 1,8%5 23.6 90 9 A
1818 | .| 5| 120 56 | 11 17 5
Sn
GM. (88 | 2 |10 | % 10.6 33 33 )
Si l
9 |8 |10 | 4 1,630 30.0 70 180 Chill-Casting
10 | 85| , | 45| 1,80 17.0 68 125 -
1|8 5. 5 1,810 20.7 78 78 i
12 | 845| , | 55| 1,040 144 43 ! 43 -
16 81 15 4 2,250 30.0 ll 70 158 -
17 | sos| ,, | 45| 1,830 24,8 90 90 ,,
18 /8 | ., | 5| 160 12.2 32 39 "
R |
Sn |
GM |8 | 2 |10 1,000 15.3 | 36 36 | 2

( | Y
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TABLE 14

Repeated-Bending Impact Tests on Notehed
Specimens of Selected Alloys, & Gun-Metal.
(No. of blow per min., 60)

C‘““p?_; ition. I = 1 Number of Blows for Fracture,
Alloy No. : illt“}‘:ﬁ]vuaf
Cu | Zn | Aaem Sand-Casting | Chill-Casting
e 1 | e A0
[ s
9 86 10 4 20 7,308 5,046
e (R ] 23 6,093 4,342
5 I| w1l e | 30 5,593 3,832
10 855 | 45 20 © 11,738 8,512
S0 o 25 7,212 5,281
., 5 0 30 5,700 1,698
11 83 7 5 ‘ 20 11,816 10,568
" ; .| 25 6,444 6417
» ” 4 30 2,593 5,708
12 84.5 5> 5.5 ! 20 | 8,766 9,876
» » i ‘ 25 4,923 5,405
., ” . 30 1,211 2,802
16 81 15 7 20 8,678 7,887
i 5 :: 25 5,773 2,049
% Ul 30 3,811 2,403
17| 805 o7 s '1 45 | 20 ' 13,007 11,472
‘ I . 1 25 8,251 8,020
i (R il 30 5,237 5,314
18 30 | " 5 | 20 8,037 7,918
= " " 25 5,916 3,976
r . 5 30 3,333 3,044
Sn
GM 38 2 10 20 049 51
> A s 25 213 43
| T o 30 107 33
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TABLE 15
Tensile Tests on Sand-Casting at High Temperatures.
Composition. |
% Temperature Ultimate Elongation Reduetion
Alloy No. |—— — (One hour), Stress. on 50 mm, of Area.
Cu 7n i o) ! kg/mm?® % %
[
Si ’
11 85 10 3 100 49.0 28, 20.3
” » M » 150 45,3 22, 22,0
” 5 el B3 =200 44.6 21.2 17.7
» o » » 250 42.0 16.5 13.7
2 » » 2 300 36.8 13.8 8.5
» » » - 330 33.0 8.8 7.6
» ” » £1) 400 23.2 7.2 6.1
» » » » 450 20.6 7.2 47
| si
G.M. 88 2] 10 150 27.0 25.2 16.9
» » » » 200 26.5 22,2 18.2
» » ” ‘ . 250 22.6 12.7 81
» » w | 300 20,2 16.0 17.7
@ W S 350 ‘195 12,0 11.0
5 sl wl & 400 17.5 10.6 7.0
" " m ‘ ” 4350 15.0. 9.4 4.9

Tensile Tests

TABLE 16

on Forged Bars of Alloy No. 11 at High Temperatnres.

Composition. ) |
] Temperature Yield-Point Ultimate | Elongation | Reduetion
T ——  (One hour). |- ]“,' {; -t Stress. on 50 min, of Area,
a0 g/ M kg/muf 96 EU
Cu I' Zn ‘ Si it |
85 ‘ 0| 5 W | 800 | 63.00 | 308 28,0
e . 130 4.2 | 61.00 | 28,4 22,9
| » » 200 | 41.5 57.10 | 223 19.0
" : " » 300 | 890 46.25 12,0 137
a1 ” i 400 24.8 29.60 a.8 2.0
|

4 ‘ - ” 500 | 8.5 11.80 56,0 3.9
" » » 600 ‘ 26 | 543 | 620 80.0
” " » 00 | k5 | 243 | @50 80.6
» - i 800 | 0.3 0.50 ‘ 56.2 56.7

I T
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Fig. 32. Fig. 33.
Inverse Rate Cooling Curve. Inverse Rate Cooling Curve.
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Maximum Solubility Curves of Silicon into  e- Selution of Cu-Zn—Si System.
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% 100 dinms.
Alloy No. 10 (10%%Zn, 4.5%S1)

Fig. 35. Sand-casting, Fig. 36. Chill-casting.

Alloy No. 11 (10%Z4n, 5.0981)
Fig. 37. Sand-casting. Fig. 38. Chill-easting.

Alloy No. 12 (109%Zn, 5.5%8i)

Fig. 39. Sand-casting. Fig. 40.
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% 100 diams.
Alloy No. 16 (15%Zn, 4.0951)
Fig. 41. Sand-casting. Fig. 42, Chill-casting.

Alloy No. 17 (15%%n, 4.5%81)
Sand-casting. Fig. 44. Chill-casting.
oy N - _
- Alloy No. 18 (15%%n, 5.0%51)
"

Fig. 45. Sand-casting. Pig. 46. Chill-casting.
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On the Scantling of Hull Materials of-Rolled Steel
(Paper No. 621)

By Teruo Ono, Kogukushi,
Surveyor to Teikoku Kaigyi Kyokai

(The Imperial Japanese Marine Corporation).

Introduction.

The structural members of the hull of a ship may be classified into
the following three groups.

(1) Longitudinal Member, which contributes chiefly to the longi-
tudinal strength of the hull structure.

(2) Transverse Member, which contributes chiefly to the transverse
strength of the hull structure.

(3) Local Member, which lies either longitudinally or transversely
and acts chiefly for the purpose of stiffening or supporting a part of the
hull. Struetural members of this group are assumed to have no direet
conneelion with the strengths of the hull strueture as a whole.

The scantling of the structural member belonging to Group (1) is
usnally determined by experience on the bases of the length and dranght
of the ship. The seantling of the structural members belonging to Groups
(2) and (3) are usually determined on the bases of loads and stresses. The
scantling of forgings and castings suech as stem, bar keel and stern frame,
and that of the struetural members fitted for strengthening against panting,
blow of ice ete. should be better determined by experience.

In cases where the seantling of struetural members is determined on
the bases of loads and stresses, it is usual to assume same value of the
working siress so far as the structural use of the material remains same.
This does not, however, hold good in all cases. If there is no need to make
any provosion for the wasting of materials, then same value of the working
stress may undoubtedly be adopted in all cases. In actual cases, account
should be taken more or less of the effeet of the wasting of materials. It
is here intended to examine the extent of the wasting of rolled steel ex-
perienced in actual ships, and to consider the necessary extent of provision
ior the wasting, and further to investigate how the scantling of structural
members of the hull of a ship is thereby affected.

Factor of Safety.
The working stress of a material is dependent on the factor of safety.
Although the factor of safety is defined in different ways, its value varies
according to,
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(1) Nature of stresses,

(2) Quality of workmanship,

(3) Acecuracy of caleulations and judgments,

(4) TReliability of material,

(5) Liability to wasting on aceount of corrosion as well as wear and

tear.

When the size of struetural members is decided on the basiy of same
value of the working stress, the eross section of the struetural members
contains over the whole area considerations for all the elements ennmerated
above. The elements (1), (2), (3) and (4) are inseparable in their nature
and it is right to fix the value of thé factor of safety aggregately for them.
But the element (5) has quite a different aspect from the others, Really
corrosion and wear and tear of materials take place simply on the surface
and therefore the effeet of this element has to be determind in a different
way.

Extent of the Wasting of Rolled Steel experienced
in Actual Ships, and the Preparatory Thicknes<es
required in order to pro id: for the Wasting.

Here as a thing of course, structural members are assumed to have
been carefully protected by some sorts of coating.

The wasting can be measured by the reduetion of the thickness of the
material. The extent of the reduction of the thickness of rolled steel ex-
perienced in actual ships is shown in Table I. The Table is founded on
the data obtained from the test hole results on occasion of the survey for
frechboard assignment. Test holes were drilled in the hull material of various
ships of 10 to 28 years of age. Unfortunately the reduction of the thiek-
ness in plates and sectional materials other than those mentioned in the
Table could not be aseertained owing to the lack of data. But it ean be
deduced without great fault from the data of the plates and sectional
materials for similar use and in similar locality.

The" word ‘‘Average’” in the Table is used to mean ‘‘the Average
Extent of the Probable Reduction in 25 years,”’

{ &

. \f}x
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TABLE 1.

The Reduction of the Thickness of Rolled Steel on account of Wasting,

| Reduetion of Thickness in ineh

Ttem —
:‘ Least Greatest Average
T R 7o S ‘ .02 07 05
Strake below Sheer strake ............... [ 0 .10 .08
Side plating . ......viuiuiinrininarnnnnnn .02 | 07 06
Bottom plating exeept Keel plate ......... 01 ! 07 05
Inner bottom plating .......coovvvvnnnn.n | .02 g 05 04
Centre givder plate .......oiiiniiinnnnnn | O1 ' 05 05
Exposed deek platings; I |
When ungheathed .o | 0 ' 10 05
When sheathed ......coviveeiinnn.n. 0 ! .02 01
Unsheathed Jower deck plating and Water- ‘
tight bulkhead plating ............... 0 10 04
Hold frames; |
Bulh BREle: coormng el e R | 05 08 06
Chamnel! wqesr s i | ? a0 .08
Built frame; [
Frame: uaesris e ’ 04 12 .06
Reverse: frame i vs o .09 12 10

Hereafter the term “‘PrEPARATORY THICKNESS® is used to mean ‘the
Thickness to be provided beforehand for the Wasting on account of Corro-
sion and Wear and Tear.” '

It is very difficult in general to distinguish between the reduetion of
thickness on account of corrosion and that on aceount of wear and tear,
and therefore the provision is considered for both of them inclusively.
Further provision, however, should be made for materials which are located
in boiler space, ¢oal bunker or bilge ete., as the eorrosion in such quarters
are excessive.

Of course the extent of the wasting varies according to the kind of
cargoes, the service of ships and the method of maintainance and also depends
on the quality of the material and the locality of the struetural members.
The structural members, such as frames, beams ete. which are compact in
size, accessible and visible, may often be inspected, and their thickness be
examined when deemed neeessary. On the other hand, the reduction of
the thickness of the structural members, such as side platings, watertight
bulkhead platings efe. which are wide spreading in area and are not easily
accessible although visible, is apt to eseape the eye of the surveyor. The
extent of the provision for wasting may differ according to the .aut.hm‘s,
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The author’s view is developed in the following Table. The preparatory
thickness for plates has been assumed equal to three times the average
value of the reduction of the thickness shown in Table I, while as that
for sectional materials the average value of the reduction set forth in the
same table has been taken in its entirety.

TABLE II.
Preparatory Thicknesses.

{Further provision

Preparatory pRags
Item . thiﬁ%fll A ] B m .J.tﬁ;'ﬁfﬂh;j%roﬂel‘
nidh space efe.

Flat plate keel, and TIntercostal plate of deck

et G 27 ' =
Side plating in the vieinity of fhe load water line 24 —
Tnner bottom plating under hatch when not pro- :

teeted By eoilling ::inw o emeee s s ae ek ‘ .20 —_—
Bottom plating except flat plate keel ........... 18 “f?}é;;?;ﬁ)! -
Side plating other than that in the vicinity of the 5

load waber Iine Iissssesnaisnamninimees s A8 .06

Keelson plate, Single bottom floor, Plate of web
frame, and Intercostal plates of side stringer i

and horvizontal girder .............ciiiiiin, 18 [ .08
Sheer strake of the superstructure deck, and Centre |

girder plate of double bottom ................ 15 ! .08
TUnsheathed exposed deck plating ............... A5 | .02
Solid floor plate, Side girder plate and Brackes '

plate in the double bottom ................... 15 16
Inner bottom plating .......covevineiienennn. A2 i 16
Unsheathed lower deck plating, and Bracket plate |

outside the double bottom ................... 12 -I .06
Watertight bulkhead plating ................... — 2 et )
Sheathed deck plating ......cviiiviininnnniunn 04 02
Angle for reverse frame of side frame .......... -10 a0
Angles and Bulb angles for main frame of side

frame, and for reverse frame and strut of

skeleton Hoar cowanvvaanamimesiae 06 | .06
Angle and Bulb angle for frame of skeleton floor -06 I 04
Channels for side frame, reverse frame and strut

of skeleton floor, face bars on web frame and

sitle Stringur” [ e na e | 08 .08
Channel for frame of skeleton floor ............. i 08 06
Angles and Bulb angles for deck heam and bulk-

head sfiffener ouiiiie i sl i vasasemes 04 2
Channels for deck beam and hulkhead stiffener.. | .06 .02
Face bars on deck girder and horizontal girder.. .04 .02
Plate and Section of built pillar  .............. .04 =

1Y
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Ratio of the Moduli of Resistance of Two Sets of
Compound Girders which are of Similar Form in
Cross Section but have Composing Members of
Different Thicknesses.

Ilere the percentage ratio of the moduli of resistance of the cross
section of the following two sets of compound girders is considered.

Girder (A).

In the case of the girder of this sef, it is assumed that both the plate
and sectional material are provided with the preparatory thickness.

Girder (13).

In the case of the girder of this set, it is assumed that the plate is
provided with two thirds of the preparatory thickness, and the sectional
material with no preparatory thickness at all. In short, the girder (B)
is lesser in thickness than the girder (A) by an amount equal to the average
value of the reduction of the thickness set forth in Table I.

When caleulating the modulus of resistance of girders, the following
assumptions have been made.

1. The effective width of platings which belong to the ‘‘Longitudinal
Member’ and serve at the same time as the belt of the transverse ring of
the hull structure, is assumed as follows.

a. In the case of girders such as side frame, web frame, floor girder
of single bottom, and deck beam,
Width equal to the standard frame spacing.
The standard frame spacing for full seantling ship is generally

7

expressed by the following formula;
s=-0.025L-17, which need not be less than 21 inches in
o, case of ships which are less than 160 feet in length,
td where s==standard frame spacing in inches,
Li=length of ship in feet.
b. In the case of girders such as deck girder, side stringer ete.,
Width equal to 80 times the thickness of the plating including the
preparatory thickness.
2. The effective width of waterticht bulkhead plating ete. is assumed
as follows.
c. In the case of stiffeners,
Width equal to the spacing of the stiffener or 30 inches whichever
is the less,
d. In the case of supporting girders,
Width equal to 80 times the thickness of the plating including the
preparatory thickness.
3. No account is taken of the effect of rivet holes.
4. Short attachment angles of the slotted girder is totally disregarded
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in the caleulation, and no acecount is taken of the effect of the slot.
The avarage values of the percentage ratio of the modulus of resistance
of the girder (B) to that of the girder (A) arve shown in Tables IIT A to C.

TABLE IIL
Average Values of the Percentage Ratio of the Moduli of
Resistance.
A. Hold frame, Frame and Reverse frame of skeleton floor. and Beam of
exposed unsheathed strength deck.®

Ttem Pereentuge Ratio

Oridingry. -angles wowmwielanmes i cedes S S 89
Balhangles tons bsu i mrarraaisieg §8 dnch angey, s o2
t.'-}l_-;» inch flange .... o4

(# inch flanges ..... 83

Ghannely wopivissanE vl - 315 ineh flanges . ... 84
|-L inel flanges ..... 83

Built frames of two angles (3 inch fAanges ,.... v
of different thicknesses ............ 4315 ineh flanges . ... 82
|-!. ineh flanges ..... 86

The thickness of the deck plating iz assumed to be not less than what is necessary
in way of deck opening.

B. Bulkhead stiffener, and Deck beam other than that given in A.

—
Ttem Percentage Ratio
(G EFERMTR Lo glrh £ 1 SRR O SRy {Thi" plating ...... 86
Thick plating ..... 93
Bodh AR v merrdin e e s s { Thin ‘plating . .o | =
[ Thick plating ..... . 97
Channels o cimsvsmma e Ve {Thiu plating ...... ' =
Thick plating ..... { 93
C. Web frame, Side stringer, Horizontal girder and Deck girder.
Ttem | Percentage Ratio

{Thiu deck plating

Thick deck plating | a5
41 ¢ |
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Examples of Modified Scantlings.

As has been shown in Tables TII A to C, the percentage ratio of the
modulus of resistance of the girder (B) to that of the girder (A) varies
roughly from 75 to 95. It is of an extreme importance to decide the lower
limit of the ratio, or reciprocally to estimate the upper limit of the working
stress of rolled steel allowable in the case of the girder (B). It should be
noted that the majority of the hold frames, which happened to be examined
with respect to the reduetion of the thickness and showed remarkable reduc-
tions, were those of the built type of the moderate depth of girder consisting
of two angles of equal thickness, and therefore 83 may safely be taken as
the lower limit of the percentage ratio.

The ultimate tensile strength of rolled steel for ship construction may
in general be assumed at 28 tons per square inch and a factor of safety
of 4 may withont delay be used for this value of the ultimate strength.
These give a working stress of 7 tons per square inch. Then the working
stress of rolled steel allowable in the case of the girder (B) may be assumed
at 7-=—83=840 tons per square inch. This value of the working stress
should be modified in the ease of the girder (A) in aceordance with the
following formula.

Modified working stress ol rolled steel allowable in the case of the
girder (A)=840xv in tons per square inch,
where v=pereentage ratio given in Table IIT A to C.

Tt is not quite clear what would be the working stress of rolled steel
assumed by Classification Societies, although it can be guessed to a certain
extent, in determining the table secantlings of the struetural members of
the hull. In the following examples. the scantlings of struetural members
in aceordance with the requirements of the Rules of the two well known
Classifications Societies are added for the sake of reference and comparison.

Abbreviations ““B. C.”” and ‘L. R.”" are used to denote ‘“The British
R

Corporation Register’ and ““Lloyvd’s Register’ respectively.
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. Conelusion.

1. The preparatory thickness for hull materials of rolled steel should
be suitably decided in aceordance with the structural use of the materials
and their locality in the hull, as well as with the kind of cargoes, and the
predestinated service and life of the ship.

Experience shows that the preparatory thickness for the bottom plating
may be somewhat less, while that for the side platings situated in the vieinity
of the load water line and in the boiler space, coal bunker, bilge ete. should
be considerably greater than that for the side plating in general.

2. In cases where the scantlings of struetural members are determined
on the bases of loads and stresses, the preparatory thickness should be dealt
with as an independent element different from the thickness which is neees-
sary in order to afford the requisite strength of the structures. This will

- inevitably cause certain deviation of the scantling of structural members,
when compared with that which has been determined using same value of
the working stress irrespective of the size of structural members.

3. As the result of observing the performance of various struectural
members in old ships found to stand still well after more than half a genera-
tion from the date of build, it is gathered that the value of the working
stress of rolled steel may be assumed at a higher standard, probably 10% to
20% higher, than that usually assumed. But this does not necessarily result
in the reduction of the scantlings of structural members of rolled steel in
aceneral,

4, Tt is usnal in the practical design of hull construction to assume the
value of the working stress of materials for the sections which include the
preparatory thickness. 1In such cases, the value of the working stress should
be suitably modified in proportion to the thickness ineluded.

The end.

"'A'\!,'f
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Model Experiments on the Elastic Stability of
Closed and Cross-Stiffened Circular
Cylinders under Uniform
External Pressure.

(Paper No. 651)

By Viscount Takesada Tokugawa,

Constructor-Commander, 1.J.N.

Abstraet.

In this paper a method is developed for caleulating the eollapsing pressure of closed
and eross-stiffened cireular eylinders under uniform external pressure. Evidently, there
are two distinet cnses; viz—(I) where the frames remain intact and the shell alone
eollapses; (II) where hoth the shell and frames eollapse hodily. So far as T am aware,
the latter case has not yet been dealt with. The following arve the formulae deduced.

For case (I):—

8
E i
- D St 8 1 (AN s g W1
= n2—1+ioc’[(n+tx)3—r31 o ){(“’""’" (n’-l—tx")‘}-]

in which p; is the collapsing pressure, s the thickness, D the mean dianmeter, ! the unsup-
ported axial length of the eylinder, ¥ Young’s modulus, o Poisson’s ratio, n the number
of lobes,

D
i3

% is an empirieal constant and is ealled the ¢¢ frame factor.”’ In the forgoing expression
the value of # is to be taken so that the whole number which, for given values of 5, D, and
I, will make p, 2 minimum,
For case (II):—
8

D et 2 i 2 {2mr-1)
[ngmz}z 3 1_102 (%) 8 {(nwrof)n ”L‘l :oﬁ)ﬂ }J¢ D*z' n?—1),

where " is the length of a bay, n the number of lobes into which the circumference of the
shell in common with frames divides, # and 7 are the factors dependent on the huilt-up
section, I is the moment of inertia of the section of a frame proper,

- D

=

7

'ﬂ'
=k ’

E

Pe= ni—1+%c?

L is the total length of the cylinder.

These formulae have been confirmed to agree very well with experiment and the
results obtained are collected together in the form of eurves; in- addition o nomogram
ready for immediate applieation to any particular problem is appended.

Introduection.

The study deseribed below is a sequel to, and an extension of, my
report “‘Model Experiments on the Elastie Stability of Submarine Pressure-
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Hulls’’ submitted to the Japanese Naval Department on Nov. 10, 1928*
The main objeet of this paper is twofold—first, to investigate the nature
of the so-called ‘‘frame factor’’ involved in my formula; second, to obtain
the formula for the eritical pressure when both the shell and frames collapse
as a body. So far as I am aware practically nothing is known about the
latter case. It should be emphasized that all statement and conclusions are
advanced on my sole responsibility, and ecarry no official sanction.

Taking this opportunity, I express my gratitude for:.—

(i) That all the expenses of this research were defrayed by a gldfﬂt
from the Naval Department.

(ii) That full facilities for the execution of this research have been
most kindly afforded by the Naval Technical Research Institute.

(iii) The unfailing collaboration and suggestion of my colleague
officers, as well as the faithful assistance of the men in my charge.

Part I. Theoretical.

1. An Application of the Formula for Short Cylinders to the caleula-
tion of the Collapsing Pressure of the Shell between Frames of Closed and
Cross-stiffened Cylinders. According to the size of the stiffener, the closed
and cross-stiffened eylinder will be collapsed in two ways: if stiffeners are
large and strong enough, the collapse oceurs at the shell between frames
while the frames remain intact; and if stiffeners arve slender, both the
shell and frames collapse bodily. Moreover, the shape of stiffeners and
the mode of fixing the stiffeners to the shell will affect the value of the
collapsing pressure.

In this section the case where the shell alone collapse will be con-
sidered, and as a starting point the following formula®* is taken:—

' E-L.

L 2er 2 1 ( 8 )J{ 2 243
1 __ "D [ 2 .2 Vs
(1) P w—14+3o? [(ﬂf_i_mz)g'l_ 31— \ D n* o)

_ a'@ef-1) ]_']
(2o )
the notation has already been explained in the abstract.
It is to be noted that the introduction of the ““frame factor’ k, which
is to be determined by experiment, into
T f )
!

enables us to apply the formula to the case of cross-stiffened cylinders.

o= k

* From Oet., 1925 till Mareh, 1926, an extended experiment with models, 1.2~
1.6 m, in dia., was contmu-‘lllv earried out at the Kure Naval Dockyard.

#% T dedueed this formula a few vears ago and fully expldmeﬂ in my xeport cited
hefore, but as this report is not published, the mathematical analysns is given in Note I,

»
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Any rational formula, however. is based on certain ideal assumption which
can never be realized in practice. For this reason a purely theoretical
formula is likely to give results in excess of those determined by experi-
ment. As a correction for the reduction in strength due to imperfections
which violate our ideal assumptions, we have introduced the ‘‘frame factor’
k. For the practical application of the formula, the cases may be divided
as follows :—

(a) When ¢ is comparable to n, and n is as large as b or even larger,
unity may be neglected against »* or le” in the denominator n?—1--1a”;
further (s/D)® being very small, the second term in the brackets [ !
of less importance, so that the second term n*(2n*—1)/(n*+a*)? in the
braces { | may be neglected against the first term (n®+@?)® Thus, taking
o=0.3 for mild steel [e=04 for brass], consequently %(1— ¢2)1=0.73
[0.794 for brass], we have

7 “
. D R
(2) = < 0. 3( ) n? or.”:l
: & n’+£roc'[(n rod) A D et

(b) When ¢ is rather small compared with n, and (s/D)? being very
small, o in the braces may be neglected against unity or »%.  Thus, we have

8
o D ._ 20! 2 s
3) w LD | 40, 73( ) Wt—1 ]
L2 P .‘.—l'i-goi Ll\r.‘ —!—Ot’.i D (n )

The former is especially important for the practical application such as
the design of submarine pressure-hulls, so that a nomogram of (2) is pre-
pared for ready use as shown in PL 1.

% Since having developed my theoretical formula I noticed that Prof. J. Preseott,
in his ‘‘ Appplied Elastieity,”” 1924, dealt with the problem taking the end-thrust into
account, His formula runs as follows:—

I'..ce ‘?_

o 1+—( ) .

where a=3iwD/I. But it is fo be unoted that his treatment is different in details from
mine; moreover, the main object of the present work is te determine the correction-factor
in the deduced formula which fits closely experimental data.

In the next place, since presenting my report to the Naval Depnrt.ment ‘Tov 10
1928, I find that the same problem introducing the effeet of end thrn.;;t has heen con-
sidered by von Mises in the Paper ‘‘Der kritische Aussendruck fuer allseits helastete
zylindrische Roehre,”” ‘Festschrift Prof. Dr, A, Stodola zum 70 Geburtstag,’ 1929. pp.
415-43¢. His formula incidently agrees in form with (2) except that his @ does not
involve the ‘‘frame faetor’’ L. Then, he proceeds to apply his formula to the results
obtained in the Danzig experiment, 1918, with models of submarine pressure-hulls, But
T cannot quite agree with his way of application, To the best of my Dbelief it is more
reasonable to introduce a constant 7 into the formula. '

F
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First, if there is no end thrust, the term Jeo® in #*—1-4 Le” disappears
and %k in o becomes 1; the formula then becomes quite similar to that
appeared in the previous paper of R. von Mises,* except that the latter
including one more term of less importance,

Second, in (3) if we negleet moreover e® and Zo” against unity or »2,
and put 2=1, viz.,, no end thrust and no distorsion at ends. we can arrive
at Sonthwell ’s** or Love’st formula.

Third, if the eylinder is infinitely long, then putting /=0 in « and
n=2,1 we arrive at the classical formula due to Bryan

. C
(4) D=3 _

3

7

22

s 2 i.e., the so-called ‘‘eylindrical rigidity.”” Again, for

=

the ‘‘flexual rigidity,’’ putting £ I in place of , in which I is the moment
of inertia of the eross-section, we arrive at Lévy’s formula®** which is used
to caleulate the eritical pressure of a thin cireular ring, ie.,

where C =27
7

(5) m=321
or more generally,*
(6) pa::-%xgﬂibz——-l).

*  ¢“Die kritische Aussendruck der zylindrische Roehre,’’ Z.V.D.I, vol. 38, No. 19,
1914, pp. 750-755. The formula:—

8
ELX
D et 2 1 i o(2n*—1.3Xn>~1)
= & AT W W e s
Pe= a1 L v oy T 3 1- a-”(D) {{n, s 4o }]

*#%  Southwell, R. V., *“On the Collapse of Tubes by External Pressure,’’ Phil. Mag.,
vol. 25, 1913, pp. 689-698.

o
- D [20 (DY 2 =]
B=m 1L g) 310.2( )(" 1)
where C is a constant depending on the type of constraints at the ends of the eylinder.
t Love, A. E. H., ““The Mathematical Theory of Elasticity,”’ 4th. Ed., p. 574

P
D 20: 2

T lety el
This is a slight extension of the above formula, by putting €=%7', whieh corresponds
to only the type of comstraints; if the ends are kept ecireular without restrieting the
slope of the cylinder wall, ¢ may be determined theoretically.

i Tt is well known that very long eylinders tend to collapse into the two-lobed form.

¢ Bryan, G. H,, ““ Application of the Energy Test to the Collapse of a1 Long Thin
Pipe under External Pressure,’’ Cambridge Phil. Soe. Proe., vol. VI, Part V, 1889,
pp. 287-292.

5% Lévy, M., ‘“Mémoire sur un nouveau cas intégrable du probléme de 1’élastique
et 1'une de ses application,”’ J. de Math. (Liouville), Ser. 3, to 10, 1884, pp. 7—42,

* See my earlier paper, Jour. of the Jap. Soe. of N. A., No. 45, Oct., 1925,

=
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2. Bodily Collapse of Closed and Cross-stiffened Circular Cylinders
under External Pressure. The bays at both ends are subjected to an
unknown amount of load through the end covers. Except these two bays,
any one bay may be considered as a built-up structure consisting of the
shell and the frame as shown in Fig. 1.

A

2 i O A
o LZ%/?%;,/%,;/?// j{,@/////%: "
T * {

= L e

gy o
= “VZQ‘_}
o e SR i

Fi1G. 1.

Referring to the figure, let » be the mean radius of the cylinder, o
the distance from the outer surface of the shell to the neutral axis of the
section of the built-up structure, we have

S— s+ Flu+s9)
sl'+ F
where F is the sectional area of the frame proper, » the distance from the
inner surface of the shell to the neutral axis of the section of the frame
proper. On the other hand, as the thickness is small compared with the
diameter, the equation of equilibrium may at once be obtained from the
figure as follows:—

pirl' =fisl' +fF,

where f; is the average hoop-stress produced in the shell, fo that in the
frame. Hence

25 .« 2F
7 P e
(7 m=h o Mo
where fi=Eiy/(1—0c?), fo=En,. If 5 and 22 be the eritical peripheral
contractions at instant of bodily collapse, it follows that

. 1 [ oc"(l—?-’_) i (%)2{(?1:4_&2)3_ n'(2n*=1) H,

nw—1410* | (n*4o?) (4 oPf

where o=mnr/L, and that

-=__i{ l%( _iﬂ_i ;
= 1+ 5 8 = -123, say.

&
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m=($)-(n2— 1),

» 2 . L
iy =mn’+(8—5+v)“:’¢u 7, say,

y=14+ (\—~8+v)g

hl
where i, is the radius of gyration of the section of the frame proper about
the axis passing through its centre of figure and parallel to the eylinder
axis, Ilence

B
2s D r 2 2 A (.c;)‘-‘ -t N
8 s e e —— ) B{n" +«
) B D #w-14+id* | W+ 8 1—c*\ D {
n"(‘)n —-1) l:’
(n+ o)
F “Uﬂ T
) Ja I f’ m'—1).
SQubstituting (8) and (9) in (7), finally we obtain
10 = N T R (—) (n* 4 e)?
) 5 i (B [L-:i.‘+o¢‘)“+ 8 1—¢* \.D ‘8{k 4
n'(2n2—1) } SET ;
P ; + =1),
(’ﬂ?—l—oﬁ‘)z —| b.iﬂ' 2
where mr
c=—
L
U5 4 Fots)
—+Lws
s
4 sl+F

B=1+ 12( -2,

&

y= 1+ —{s S4v).

Part II. Model Experiment.

3. Outline of a Large-Scale Exrperiment with Steel Models. From
Oct., 1925 till March, 1926, an extended experiment with steel models of
large-scale was continually carried out at the Kure Naval Dockyard with
a view to obtaining the data necessary for designing the submarine pressure-
hull. The total number of models tested was 45, which was divided into
6 series. The influence on the collapsing pressure of steel models has been
studied, (1) when the frame spaece is varied, (2) when three different sizes
are chosen, but similarly constructed, (3) when the shell joint is welded
or riveted with double straps, (4) when the frame scantlings are slightly

L)
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varied, (5) when the shell is of oval section, (6) when frames of special
dimensions are fitted, ete. Unfortunately, I am not at liberty to disclose
the details of the experimental results, but the conclusions arrived at with
reference to the formula already cited may be summarized as follows:—

(i) For frameless eylinders both ends of which are kept ecircular
without restricting the slope of the eylinder wall, the calculated collapsing
pressure agrees exactly with the observed provided that the hoop stress
does not exceed the proportional limit of the material.

(ii) For cross-stiffened eylinders, the ‘‘frame factor’ Ik is introdueced
in the formula and % is ealeulated reversely by inserting actual data; it
is found that if the models arve similar, the value of & is practically con-
stant independent of the frame space, of the absolute size of the models,
and, to a certain extent, independent of the size of frames. The observed
number of lobes is found to be in good agreement with that of the caleulated
from the formula involving k. Therefore, if the aectual mean thickness
of the eylinder shell of standavd workmanship is measured prior to the
test, then the value of k& will probably be obtained as practically constant.
However, in the similarity test carried out in 1918 at Danzig by the
German Navy, it was observed that the smaller was the model, the
smaller was the collapsing pressure compared with the ecaleulated. This
diserepancy has been attributed to the faet that the imprecision of con-
struetion will weaken move its resistance in the case of smaller models.
Also by R. von Mises® it is attributed to the fact- that the smaller is the
model, the more is impaired its eircularity at the time when the shell is
welded, and the less is attained the uniformity of material; consequently
the collapsing pressure falls short of that caleulated. In my belief, how-
ever, the law of similitude helds even in this ease if the thickness of the
shell be carefully measured and k& be caleulated inversely. In the published
datat of Danzig experiment, the thiclkmesses of plates are given in round
number; but this will never be the case with commercial thin steel plates
if carefully measured. Moreover, considering the mode of manufacture,
the proportional limit of the thin plate is eomparatively high, so that the
collapsing pressure of the small models which frames closely spaced must

.comparatively be higher.

(iii) According to the experiment, the ratio of the collapsing pressure
observed to the caleulated decreases linearly from the point where the
corresponding hoop stress exceeds the proportional limit of the material
to the point where the stress-failure takes place.

(iv) The formula for caleulating the collapsing pressures of oval
eylinders is also obtained.

* In his recent paper already cited.

+ Sanden, K. V. & K. Guenther, ‘‘Ueber des Festigkeitsproblem quersteifter
Hollzylinder unter allseitig gleichmaessigen Aeussendruck.’’ Werft—Reederei—Hafen,
Vol. I, No. 8§, 9, 10; Vol. II. No. 17. (1920-’21).
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(v) There were a few instances observed in which the cylinder
collapsed bodily, i.e., both the shell and frames as a whole, but at time I
could not suceeed in accounting for this case.

4. A Small-Scale Exzperiment with Brass Models conducted at the
Naval Technical Research Institute. Having obtained the necessary data
for designing submarine pressure-hulls from the Kure experiment, I have
proceeded to carry out the experiment with small-scale models to obtain
more detailed informations at the Naval Technical Research Institute.
Brass models were used in the present experiment because of the diffienlty in
obtaining small-scale steel models of homogeneous quality. The standard
dimensions of the models are as follows:—10cm. in diameter, 0.5 mm. in
thickness, stiffeners are generally of rectangular section, its breath being
3mm. Cold drawn brass tubes of ordinary commercial thickness were
carefully machined down to the dimensions above prescribed with frames
of rectangular section, so that the shell and frames are of the body. As
the measurement of thickness of the shell plays an important part, each
‘shell is measured at 8 points on the circumference equal distance apart,
4 points each lengthwise, i.e., 32 points in all, and the average value of
these measurements is used in the caleulation; the variation in thickmess
from the average did not exceed 5 per cent. The general arrangement of
experimental apparatus may easily be gathered from Plate I1I1. The pres-
sure was raised at a rate of 2kg. per square em. per minute, and the
following are the mean value of the physical qualities of brass tubes.—

Young’s modulus 1,070,000 kg./em =
Proportional limit 1,200 kg./em *
Ultimate strength 4,360 ke. /em =
Yield-point not observed clearly
Elongation over 5 em. 387

The particulars of models are as follows:—

(i) Series H.*—These are frameless models and the object of the
experiment with this series is to precisely measure the fall of the ratio
of the observed collapsing pressure to the caleulated upwards from the
corresponding hoop-stress execeeds the proportional limit of the material.
The ends were kept cireular without restricting the slope of the eylinder
wall, full particulars are given in Pl IV.

(ii) Series J—These are cross-stiffened eylinders and of the par
ticulars as follows:—

Frame space in mm. 36,--80, 25, 20, 15.
Free span in mm. 32, 27, 22, 17, 12
Mark of series Ji1, Jo, Ja, Js, Js.

Nine models were made for each series, and keeping the breadth of stiffener

* The numbering of the series has been made to run continuounsly from the pre-

vious experiment,

)
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constant, 3 mm., and the depth d was varied as 5, 4, 3, 2, 1.5, 1.25, 1.0,
75, Smm. from Model 1 to 9. These models were intended to find
the criterion which indicates up to what size of frames the shall alone
collapses and the frames remain intact, below what size of frames both
the shall and frames collapse bodily; and in addition, to determine the
effect of frame space on this eriterion.

(iii) Series K.—These are intended to study the effect of the frames
on the collapsing pressure of the shell by comparing the models having
stiffeners of 4 mm. deep with II 7, 8, 12, 13, 14, 15, 16, 18, 20, which have
rigid ends alone and no stiffener. JMost of the models were not made
specially, the data were used from the results of the models which belong
to Model No. 2 of J; to J5, and in addition, K7, K8, K12, K20 were made
afresh. They are ecalled K7.8, 12, 13, 14, 16, 18, 20, the unsupported length
between frames of each model being made correspondingly equal to that of
H (see column 11 PL IV, ef. Models No. 2, J, —J;, PL VI).

5. Conclusions derived from the Results obtained in the Experiment
with Series I, J and others. Looking over the obtained resulis given in
Pl IV —-XII, we may conclude as follows:—

(i) TUnless the hoop stress exceeds the proportional limit of the.
material, the ecollapsing pressure and the number of lobes observed are
in good agreement with those caleulated from (2) for frameless eylinders,
even in the experiment with brass models.

(ii) Over the range upwards from where the hoop stress reaches the
proportional limit of the material to where the axial stress reaches the
yield-point and the so-called pure elastic breakdown takes place, the ratio
of the collapsing pressure observed to that of caleulated is plotted against
the length of the eylinder, and it is found that they hold a linear relation
as shown in PL V.*

(iii) When pure elastie break-down takes place, the eylinder is hulged
in as one groove along the eircumference,

(iv) In the region where the hoop stress exceeds the proportional
limit, yet does mot reach the pure elastic breakdown, the form of lobe
becomes irregular and presents some wavy form.

(v) Within the limits of experiment, up to (iy/r)=0.0072 for (s/D)
=0.005, the shell alone collapses, below that value the model eollapses
bodily; and aceording as the decrease in frame space collapsion tends to
oceur in the case where deeper frames are provided (see PL VIII).

(vi) The value of the eollapsing pressure of the shell between frames
agrees very well with that of the frameless model fixed rigidly at both
ends if the total length of which is made equal to the frame spaces of
the former. TIn other words, when shell alone collapses, k=1 for the model
whose shell and the frames are of one body, as is observed in the case of

#*

Handbueh der Physik, Bd. VI, (1928) p. 301, and Geckeler, J. W., ZS8. f.
angew. Math, u. Mech,, 1928, Oct, Bd. VIL p. 341.
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frameless models; that is to say, such frames reinforce the shell as equally
as rigid ends before the limiting condition. in whieh bodily collapse takes
place, is reached.

vii) - Tt is manifest from the results of Series J, that the formula for
bodily collapse (10) is exactly in consistence with experiment before the
hoop stress reaches the proportional limit of the material. If the said
stress exceeds the proportional limit, a correction is meeded (see PL IX).

(viii) In Series J, it is found that k=1; that is to say. the ideal
conditions assumed in theory are practically realized. This faet is also
observed to be realized in the ecase of small-seale eylinder with stiffeners,
when the surface of contact of both is exactly fitted and then riveted. On
the other hand, the resulls of the experiment with large-scale cross-stiffened
models conducted at Kure show that always & <1; namely, the reduction in
strength due to imperfections which violate the ideal assumptions is observed.
A cylinder eonsisting of the shell and frames of separate pieces must neces-
sarily be fitted together by some means or other. In this course of manu-
facture, the surfaces of contact of both being never found to be geometrically
true and similar,, they are bound to conform each other and adapt them-
selves and in consequence the true circularity of the model along frame lines
g impaired. This fact probably accounts for the variation of Z.

Some instances of riveted eylinders in which &<<1 may be cited as
follows :—

(Compare to PL XI & XIT,)

) ’
E 2 P () — = ! Frame
2= D 8 1 L ] I bxd
&3 Observed | Caleulated | +._ . fy
S8 L2t e e : £ kg./em? kg./em” Ratio | | e

| S r— —_ I- — _; ——

10 | 021 |32 | 187 | 246q11) | 46 | 72 | 73 |
j% #: 0254 2.7 137 | 239 (11) 3.90 (13) 0613 | 635
(1
= & 0288 2.2 Q.7 4.43 (12) 6.78 (14) 653 | .68 | -
1 [ b e
g i 0252 s B 7T 4,36 (12) 6,43 (15) BTT | 708 | ,l‘f_
o} | =
< 4 0253 2 5.7 6.40(14-].5)i 9.82 (17) 693 T3 g
=z Y = Ao MO : O | I
< 0225 | 07 | 37 s.hs(l,lmr) 14.42(19-20) 552 | 65 | s
&% [ | |

B = al ; .t aass =

10 | .0504 | 12 | 5.7 ss.ss(_tﬁg;r ) 60.35 (13) | 797 | S

© 10 L0258 ar | 119 2.04 | 5.39 a78
ba | | | o8
B | 7 |o2s2 |17 | 77 | 323 | 12.01 .269 79
m (=1 | | i

© 1 7 | o250 | 12 | 5T | 555 ‘ 18.05 308 |
.g These models are consisted of the shell and frames of separate pieces fitted

‘Es together by 1.5 mm, taek rvivets spaced some 10 dia. apart, and the frames
é are finished 0.50 mm. less than the shell.
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But we have yet to ascertain whether %k is dependent on the absolute
value of s by future experiment. Nevertheless, according to the results
of the large-scale model-experiment, it is found that the value of %k is at
least independent of s/D, [, and frame size to a certain extent.

(ix) In the case where bodily collapse takes place, the further research
whether the effect of frame factor is more marked for riveted cross-stiffened
eylinder than for the case above cited is still wanting.

The investigation on the mode of collapse of cross-stiffened cylinders
from the standpoint of vibration, may be of interest. In connexion with
this, T have observed a phenomenon in the cource of experiment that if
a cross stiffened eylinder fiilled with water is lightly hammered from outside,
the number of sets of waves on the water surface is found to be twice as
many that of the lobes into which the shell collapses under nniform externat
pressure, Fiz. 4, Pl II, shows an instance.

Note I. Derivation of the Formula.

In what follows, an attempt will be made to derive a formula which
may be a better guide than any other existing formula for practical design
of submarine pressure-hulls.

In the first place, we assume, that the end constraint tends to maintain
the ecireularity of the eylinder at the sections reinforced by stiffening
frames, without restricting the slope of the eylinder wall; but the combined
effect of radial and end pressures will be taken into account. In the
second place, we distinguish, as nusual, two configurations: (1) the position
of equilibriwm, in which the eylinder remain eireular and merely suffers
contraetions; this is the configuration of investigating the stability; and
(2) a configuration of infinitesimal displacement from this.

It is evident, from the mnature of the problem, that all the stress-
resultants and stress-couples except that axial and hoop stresses are zero
for the first configuration. Adopting the notation shown in Fig, 2, the
equations of equilibrinm are -

7 3(’\1?] :0’
cx
]
AT _o
or

[T:]+ pr=0,
where the symboles in brackets indicate the stress-resultants for the first
confignration: [7,] is equal to the constant end thrust P’; [Ts] the hoop
compression pit:—vig.,
[T4] =P,
[T 2] =—pr.
In proceeding to the second configuration, we have now to suppose
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that a small additional displacement is superposed upon the displacement
answering to the first configuration. Let T4, Ny, 81, T2 Na, Ss be the
stress resultants, and G, Hy, G2, H> be the stress-couples caleulated from
this displacement as shown in Fig., 2. Then we have
v [T1]4+T1=—P"'+1T4,
[To] 4+ To=—pr+Ts,
where Ty, T are infinitesimal increments due to distortion.
In a similar manner to the method which Prof. Love® adopted, we have
for the stress-resultants,

o, 0% 7 ),

o rop dxodp  dx _;;
1 7 2 e
(i) 0% .?&#ix..i_”_"i.pfzo,
ox 7P VN
_3N 1 .__3N 2 .112_ - —agdf P - P (w + E “{f—) —0
or  rop o oxf 7 op*
and for the stress-couples,
i ? T -
_6_}_'&—_1_ _’( -.({‘ "'—A\I-:D,
‘ ox rod
(ii) 4 8G, " oH, — Nu=0,
ax rogp
Hy4 (814 8:)r=0,
where v, w are displacement-components of a point on the middle surface
of the eylinder wall in the directions of ¢, » (positive if inward).
Further, from the third equation of (ii), we have
(iii) S &
.?' -\-“-

from the condition of symmetrical loading,
(iv) — He=H, =1, say;**
Irom the first and second equation of (ii),

N oG,  AH. 0Gy 0H
Mo — — o S,
ox régp v réd
AT._.__@_}__”J@—’: _ﬁ _a_pﬁ_’
ox roP o 1o
Now, differentiate N;, Ns with respect to # and ¢ respectively, and
substitute these values and (iv) in (i), then it follows:—

* Love, A, E. H., Mathematical Theory of Elasticity, 4th Ed., pp. 571 et seq.
#%  Love, Le., p. 530.
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ILIUSTRATION OF THE ASSUMED DISFLACEMENTS WHEN §

13
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aT, a8, o )( e 8-1{'):0

ox 1o drop  ox
o8 , 8Ty , 1 0H 08G: «+ &
— ——p=0,

ov) w10 v b 2 ont

G4 +3 o H +l8262+ —ﬂ(fw+ Fw +fr_3r9”w)

oz i o ) ep® 2 oz
In obtaining these equations,

prpm’_pr
2y %

has been taken; because the eylinder under consideration is closed at ends
and is, in consequence, subjected to a uniform hydraulic pressure, p all
over the outer surfaces.

On the other hand, from the stress-strain relation of a thin shell,
we have

oF ( P
T,= lifi’_ (El"‘l'o’ez\J—C ! f ok +—l::—(—;£——’lb')}!
' 2Eh au _'1_(@-_ )
Ts= 1ot (e;,-]—a-e;)—c-} Py FE  \ag w e,
_2 ENW ¢(1—0) e 1 (dw | v
3140 ) 3 \oxdp o
: . Iih (1—c) [fv 1 &u h ‘w |, v )]_
Vi Si=—" p=-—"— o j—Ft——" ; R !
) e 2 low T 2 o ]
S;..:ﬁ._&:_.{ll*o_'\’ g4 20 4 1 O P &"w 4o )}’
7 2 ( 8z 8q5 3\ dwdd  dx
D B a1, {aw oo, do
G A = O e T A o T B0
\ G 2 ]bh (x2+m¢:; :——(‘? { a:i., + L ;(;:é 4 do )},
2] —o

where €;, ez are the axial and radial contraction; 7, @, k., k2, the shde, the
rotation, the changes of curvature in the radial and axial directions
respeetively ; and
‘ ,— 2Eh _ Es

1—o* l—0o

Further, in the expression for the hoop stress-resultant
's:;m":—ﬂEh, (€24 0ey),
1—6"

if we put

€24 o€ =7,
which can be regarded as the ‘‘peripheral contraction’’ of the shell, then
we have
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(vii) g5 8

1-c* 7 r

In equation (v) we are to substitute the values given by equation (vi)
and (vii). We assume as expressions for the components of displacement
of the forms (see Fig. 3.)

w="1" sin m x sin nd,
=T cos m & oS N,

w=TW cos m & sin ne,

where » is the number of lohes into which the circumference divides at
the moment of collapse,

m=5r" -
l
in which % is the ‘‘frame-factor’” that is to be determined from the ex-
periments, I the unsupported axial length of the eylinder.

It is, however, apparent that circularity of the eylinder at the edges
of stiffeners i.e., at #===3I, cannot be realized in the built-up construetion
such as submarine pressure-hulls, Thus the value of & must be other than
unity (in the present case k<<1); nevertheless, in all other theories, it is
usually assumed that k=1 and v =w=0 at 2 ===1l:—viz., both ends main-
tain the perfect civeularity of the same radius under pressure.

Adopting this moedification and putting £=5h%/3%, equations (v) become

(m+1 o on )U (l+0’+n_1—)0'nzg) mn_ 1
7 ; 7

+(0'+’?—]:€ E) m W=0,

=

J{ Tm’ + +£?;+.Mﬂf§+ n* E}‘V

1+0' mi U
2 2 2 7

2 P

(viiij 0
+(??’ + 2" m n’g’-{-—’g’)W—

n

2

aTm rr
L i ( 2=g
;L + 3

)m {L-Loe1p-1

4 M E 4 2mnE + ' } W=0.
>

7

The elimination of U, ¥, W from these equations lead to a determinantal
equation determining % in terms of », &, m, n. This equation may simplified
by observing that » must be small of order (#/h) (p/E), and we may there-
fore approximate by omitting terms of the order 3* or 5. We may also
omit ferms containing &?; but, instead of the case treated by Love, we
retain the terms containing mé&, in which am is of the orderl/l; because !
may sometimes be rather small in the present case.
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The determinantal equation is then

(m 1l-c n* [H—a‘) mn. (lna-) mn® LI o_ﬁ___(l_:q’] mn® E+£l-f; L
1- 2 r r # 2 r r )
(1+o‘) mn 1 o l1-g) , n* n S—a
G % m - - ) { m? -+ }E+ 7 'r"+( 3
b n? = 2
i—— —-f—{{"-—a“)m n+'—"}§ —’_2-+(Im*r2+ 2mn? —!-—)E { nr 1)+?g }

and, when we develope the determinant, neglectmg terms of the orders
mentioned above, and dividing throughout by (1—e)m*/2r% and putting
mr=a, we find

(ot L) 22

2 2
(4o n'2n°=1) , (e+ 70’ _(c+15n*  (2¢° —14) . 4 }__
g i o 20 R e e
or approximately
1 (1—cHe? s ni(2n—1) H
X = o) —————— ¢ |.
5/ R e [(n+ *) +| g ? (0 + o)
By the help of (vii), we have
OEh 7 A
= - L and f=——=
1oy 4 f=ga=ap

Substituting these values in (x), we finally obtain the equation giving the
critical value of p consistent with stability, in terms of the thickness, the
mean diameter, the unsupported axial length, and elastic constants of the
material as follows:—

8

: D 2

(xi) Pr=——— [ a0
n =143 | (n? -{-o* %

2 1 (.a' )2 i oem At 2nt=1) }
_ L £ L o Bt
il 3 1—o*\ D {(n o) (n* +c*)® } :

Note II. The Use of the Nomogram.

Referring to the nomogram in Pl I, we see a net work (m, kD/l),
composed of two systems of fieured curves (n), (kD/l) erossing cach other.
If we take any point on this net work, a curve of both systems will pass
through this point, and we may assign to the point a value of both (n)
and of (kD/l) taking the values from the curves of the systems (n),
(kD/l) which intersect in the point. The point has thus in a sense two
values and ig usually termed a binary point.

Suppose that we want to know the ca]laiasing pressure of a cylinder
whose s, D, | are given. First of all, taking a suitable value of the ‘‘frame-
factor’ k and we caleulate kD /1, s/D.

For instance assume:—

I
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s/D=0.0025, kD/l=5.0.

Now, the tangent passing through 0.0025 on the right-hand (s/D) secale to
the (kD/I) curve marked 5.0, will eut the (f) seale at 1950, which gives
the hoop stress corresponding to the required pressure. In reading the (f)
scale, if Young’s modulus of the material is 2,150,000 kg./em.?, then the
figure on the right-hand side of the scale must be taken as is done in the
present problem; but if E=2,000,000 keg./em.?, the left-hand side. As has
already been stated, the touching point of the (kD/l) curve is a binary
point, so that the (n) curve marked 15 crossing this point gives the value
of number of lobes.

On the other hand, if the straight line joining the point 1950 obtained
on the (f) scale and 0.0025 on the oblique (s/D) seale is produced, then the
straight line will cut the (p,) scale at 10 kg./em.?, the required pressure.
In reading this scale, a similar attention has to be paid for the value of E.

Strietly speaking, the method explained above is an approximation;
theoretically the binary point must be so chosen as to give the least value
of p for the (kD/l) curve assigned. For practical purpose, however, the
approximation method is quite accurate enough.
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PLATE VI.

PHOTOGRAPHIC VIEWS OF THE MODELS AFTER COLLAPSE - I,

(Paper No, 651)

MODEL s L
NO. mm. CMm.
H-22 +502 0.3
H-21 .505 (8 %5
H-20 .501 0.7
H-19 . 504 1.0
H-18 - 503 1.2
H-17 .505 1.5
H-16 =511 1,7
B-13 .505 S.2
B-7 .489 5.0
H-4 515 7.5

THE MODELS.

FOR ALL

D=10 cm,

OBSERVED
Br
Kg./em”. i
NOT
63.70 CLEAR
45.77 "
42.89 "
55.89 "
33.61 X3
25,59 14
24.12 135-14
15.40 10
10.41 8
7.87 €
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ANALYSIS OF THE RESULTS OF THE EXPERIMENTS - Ii. PLATE VII.
| |
MODEL | ARETHED Jy ! Ja I3 T Is 5
FREE SPAN | 8 2
I o 1 mm. 32 | 27 22 17 12 ,é E
msnﬁ.lbﬁg‘l‘ﬂ"?? = O
b Sy .7 | 11.7 12.2 1.7 11.7
. 2 mm. .495 509 515 511 508
| P, kg, om? 15.61 17.58 20.04 268.83 34.80
+ s =) 2 (10} 10 (10) 9 (11) 2 {12) 11 (13)
| RATIG .B80 788 666 .18 L8573 g
a  mm. 512 .510 .515 .617 516 §
| ®, lg./cnl 15.05 17.72 20.55 25,52 34,52 §
S n 9 (10) 9 (10) 9 (11) 10 (12) 12 (13) 2
RATIO .75 783 .882 .620 .542 E
a
s mm. 511 487 .515 488 473 E
P, kg./fom? 16.03 16.94 20,53 25.80 51.85
s ® n 9 (10) 11 (20-11) 9 (11) 8 (12) | 13 (13-14) E
RATIO 832 .820 .882 .598 .625 o
8 mm. 1504 496 «528 .B03 513 §
P, kg./omd 18.89 19.33 20.95 25.38 35.01
¢ € n 9 {10) 11 (1p-11) 9 (11) 9 (12) 13 (13)
i RETTO .854 .89l 647 .861 554
] | g mm. =503 - 508 .524 « 514 .BO7
| P, kg./oml 15.06 18.21 20.04 27.35 32.89
I 9 (10) |10-11 (10-11)| 9-10 (11) 12 (12) 5 (2)
RATIO 812 792 630 L871 .902
a mm. .490 489 .503 L4099 .494
= | P, kg./omi 15.76 18,21 22,01 26.93 31.38
n 5 (4) 5 (4) 5 (4) 5 (4) 2-5 (4)
RATIO .g62 .B73 .089 1.080 1.131 .
s mm. 1521 .50 520 482 .495 %
P. kg,/em? 13.96 15.54 17.51 19.47 23,06 é
T . 5 (4) 64 | 514 6 (@) sw |3
11 RATIO 1.096 887 | 1.017 1.04¢ 1.080 g
| s mm. .498 e84 | 486 .493 487 s
P, kg./om 9.85 12,16 i 12.80 14.90 14.96 4
8 S B 6 (4) 56 (5) 6-6 (5) 5 (5) 5 (4)
RATIO 1.097 1.18 1.122 1.103 978
I s mm. 514 510 | .518 L4599 +516
Py kg./cm? 6.95 7.68 8.79 9.98 11.ee
b oo 5 (5} & (5) 5 (5) & (5) 6 (5)
RATIO 1070 | 993 | 1.076 1.180 1.153
8= MEAN THICKNESS ACTUALLY MEASURED.

P = COLLAPSING PRESSURE OBSERVED.

n= NUMBER OF LOBES OBSERVED (CALCULATED).
& THE RATIC OF THE PRESSURE OBSERVED TO CALCULATED.
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PLATE X - A.

PHOTOGRAPHIC VIEWS OF THE MODELS AFTER COLLAPSE - II. (4)

Jp- 1 J- 3 J;=- 6
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PLATE X-B.

PHOTOGRAPHIC VIEWS OF THE MODELS AFTER COLLAPSE - II. (B)
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On the After-War Development of the Ships
of the Imperial Navy

(Paper No. 632)

By Yuzuru Hiraga, D. Eng.,
Constructor Vice-Admiral, 1J.N,

Introduction

It was after the two wars of 1894-1895 and 1904-1905 that the
Empire of Japan was, for the first time, ranked with the Great Powers of
Burope and America, and since then the patriotism and esprit de corps
of the nation has brought abont the prosperity of the present day. During
this period, our shipbuilding industry has also undergone several changes,
that is to say, prior to the 1904-1905 War the principal warships of our
navy were all built at the leading countries in Europe and America, and
we were merely on the stage of learning the shipbuilding technic from
these ships.

Indeed, it was during the 1904-1905 War the design and construction
of eapital ships were, for the first time, undertaken in this country and
sinee then a great stride was made, and during the period between the
end of that War and the beginning of the Great-War, battleships of
Kawachi and Fuso classes, cruisers of Chikuma class and destroyers of
Umikaze and Sakura classes were designed and econstructed with satis-
factory results, exhibiting a decided advance in our warship desien and
construetion.

During this period, the battle-cruiser Kongo was ordered from the
Vickers’, England, by way of introdueing the latest technie to our ships,
which was followed by the orders for two ships placed on the Mitsubishi
vard and Kawasaki vard to augment the resources for building capital
ships in this country. The experience gained in building these ships no
doubt helped in a large measure to establish a new era in the general
shipbuilding history of this country. The outbreak of the Great-War was
an opportunity te realize our warship design on various types of ships
which may bhe looked upon as our navy-type, and by the time of Armistice,
the battleships Nagato class, Kaga class, the cruisers Tenryn and Kuma
classes, and the aireraft carrier Ilosho had been designed and constructed.
After the Great-War, the designs for the battle-cruisers Amagi class, the
battleships Kii class were completed, also the designs for the eruiser Yubari
and cruisers Furutaka eclass were completed. At the same time many
specialities were brought in the designs of destroyers and submarines.

As a matter of fact, all these advances in design and construction
are the fruit of the instruetions and advices given by the technical men
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of the leading countries of BWurope and America on vdrious occasions
and different opportunities, for whieh the author and his colleagues are
always more than gratified, and which enabled them fo undertake that
great shipbuilding programme known as the Eight-Eight Programme
through the knowledge and experiences thus gained.

Truly, it was this programme that influenced a great advance in design
and construction, and both navy and private yards in co-operation exerted
their best effort for carrying out this great programme.

Table 1 shows the condition of the navy of that time in a concrete
form. Tt will be seen that in Oectober, 1921, ie., just before the Wash-
ington Conference, the number of the warships under construction was
53 and the ageregate displacement amounted to 338,157 tons ineluding
5 eapital ships of 196,000 tons, showing the great activity of warship build-
ing, Further, from the fact that the greater part of materials with the
exception of a small percentage of steel materials, armour plates, corticene,
ete. which was obtained from abroad, were of home productions. it will
not be difficult to judge how greatly this shipbuilding programme has
contributed towards the development of general engineering industry of
this country.

Again, it should be particularly noted that all whe were concerned
in earrying outf this programme whether of navy or private yards, bearing
in mind the rising prices brought about by the Great-War and the inerease
of building cost due to the great dimensions of ships, exercised a possible
ceonomy in both design and construction, and the designs of the Yubari
and Furutaka were, in a way, the results of these efforts, that is to say, the
designs for a least possible building cost by adopting a smallest possible
ship in place of a costly large ship, but with equally good tactical units,

The signing of the Washington Treaty (1922). however, suddenly
cancelled the Eight-Hight Programme, and the building of capital ships
was stopped. When an active step was taken for the proper allotment
of aireraft carriers, none of which was completed at that time and auxiliary
ships which beeame deficient due to a heavy depletion of capital ships,
the effort already exercised in obtaining a powerful ship in smallest possible
dimensions for the reduction of expenditure eame nicely in for the tonnage
limit of the Washington Treaty. The result was that the eruisers Yubari
of 3,100 tons and Furutaka class of 7,100 tons for which the designs were
completed before the Treaty, were the first eruisers built after the Treaty.

Following the Furutaka class, eruisers of 10,000-ton class, destroyers
of 1,700-ton class, submarines of various classes, as well as aireraft carriers
converted from disearded capital ships, ete. were completed, all these ships
were designed with the same idea as the Furutaka class in economy and
tactical quality, therefore, in general they may be rightly accepted as com-
paratively powerful ships for their dimensions.

Table 2 is the list of warships under construetion at present (March,
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1929). It will be seen that there are cruisers and other auxiliary ships,
30 in all, and of an aggregate displacement of 104,837 tons. In comparing
these with 53 ships of 338,187-ton displacement in Table 1, it will be easy
to see the large curtailment of the shipbuilding programme and the great
reduction of the national expenditure.

So far the course of development of the ships of the Imperial Navy
has been ontlined, and it remains now to describe the history of the design
and special featnres of ships of different classes under each heading.

I. Capital Ships

Before going into the deseription of the outline history of eapital ship
construetion, an attention might be drawn te the faet that the Tsukuba
which was designed during the 1904-1905 War, was the first battle-eruiser
carrying 12-ineh guns in the world. Also the Aki with four 12-inch guns
and twelve 10-ineh guns was one of the most powerful battleships of that
time. After a few years, the Kongo which was built at the Vickers’,
England, carried 14-inch guns while 1314 inches were the greatest calibre
then adopted in other Naval Powers. Further, the Fuso class which was
designed in the navy after the Kawachi class earried, in addition to an
adequate defensive power and a speed of 22145-23 knots, twelve 14-inch
guns,

Thus it will be seen that even before the Great-War, our navy was
always foHowing a progressive course in the design of capital ships.

Nagato Class
(Plate I, Fig. 1, Table 4)

In 1915, the second year of the Great-War, the first ship of the four
Fuso eclass having been completed, it was the high time to prepare for the
design of next battleships and it was decided to adopt the 16-inch guns
against the 15-inch guns of other Naval Powers. About that time, the
report of the Jutland Engagement (Julyv, 1916) was received and the
result of a careful study of the lessons obtained in that great sea battle
was to alter the design by inereasing the displacement, speed and defensive
power, and this new design was completed in September of the same year
and the building was commenced in the next year (1917).

The principal features of the battleship Nagato are :—

(1) DISPIASEIENT o i v oo sreicatseras s * 33,800 tons
ROy, Shead MRl AR e Bt e 23 knots
€3) Bums sl s asaasn Eight 16 inches

(4) First eapital ship of the Tmperial Navy engined with all-geared turbines

and with boilers for both oil hurning and mixed hurning.
L

Also improvements were made in fire-control, including the adoption
of the tower mast in place of the usual tripod mast.
In these and many other respeets, the ship may be said to have made
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an epoch in the annals of the capital ship building of the Imperial Navy.

The Nagato was completed at the Kure yard in November, 1920, and._is
the first eapital ship carrying 16-inch guns in the world.

Her sister ship Mutsu was completed at the Yokosuka yard in November
of the next wyear. The Washington Conference was then sitting and her
destiny was an object of important debatement, however the fact that her
retention was ultimately accepted on condition that United States was
authorized to complete two ships of the Maryland class and Great Britain
to build two new ships (the Nelson class), formed one of the notable records
in the naval history of the world.

These sister ships were satisfactory in their power, speed, and gun

trials, as well as in their seaworthiness, and may be faken as successful
ships of this class.

Kaga Class
In 1918, that is eighteen months after the design for the Nagato class
was made, the design for the battleships Kaga and Tosa was completed.
These are the third and fourth ships of the Eight-Eight Programme, and
are of 89,900 tons against 33,800 tons of the Nagato class.
The particulars of these ships are:—

AETE 2 60 2 1 1 L O Lo ot 8 . 0 715'-0"
Wit Byeaath IWETE) - Lomisa s N EaeRa i 100°-0"
PIaBE o i R e R R R A 309"
THEDTROBIIBILT ooumsmnss v emos s G e e s 80 S 39,900 tons
) 6117 A 23 knots
FENERIN BNNE s E E E T o 10sc16"
Armament { Secondary guns ....... . i.iiiiieaans ) 20 55"
% | 4%3" (AAG.)
Torpedo tubesd’ . :iveiim s 881"

and they were provided with efficient side and deck armours, along with
sufficient torpedo protections; therefore, although the speed is the same,
these ships are more powerful than the Nagato class.

It was, while this design was going on or thereabout, that, judging
from the designs of the recent eapital ships, the necessity and advantage
of inereasing the ship’s beam became a predominant question, and further,
there was every possibility of this being realized mueh sooner than ex-
pected. On the other hand, while it is not a diffieult matter to lengthen
docks or building berths, the extension of breadth means a radical change
or it may mean an entive reconstruction of docks and building berths, This
is one of the important factors to be borne in mind to meet the inereased
dimensions, and sufficient and proper considerations were taken in the
facilities of the naval yards at that time.

In 1920, the building of the Kaga was commenced at the Kawasaki yvard
and the Tosa at the Mitsubishi yard. Nagasaki.

The time when the preparations for building of these two ships were
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made was about the busiest time of merchant ship building as the effect
of the Great-War, and great diffienlty was experienced in obtaining the
supply of both material and labour. In order to follow the pre-arranged
course of work, both naval and private authorities grudged no pains and
exerted their best efforts for the progress of the work.

Indeed, in looking back over that time, whosoever had anything to
do with the work then would still recall a certain thrill on the striving
and struggling conditions of the shipbuilding yards of these days.

In spite of these difficulties, these two ships were launched (November
and December, 1921) when the Washington Conference was sitting, and
as is well known, the decision of the Conference cancelled these two ships,
so that direetly after launching, they were placed on the surplus list, the
same procedure as being taken in the battleship Washington of the U. 8.
Navy.

Amagi Cluass, cte.

The drafting of the design for the new battle-cruisers was commenced
after that of the Kaga and the Tosa, and was completed in 1919, the year
after the completion of the battleship design.

These new ships were named Amagi, Akagi, Takao, and Atago, and
were the quartet battle-cruisers of the Hight-Eight Programme. The first
two were laid down in 1920, but by the Washington Treaty they were
rendered surplus before launching, and their existence as would-be battle-
cruisers was thus abruptly terminated.

The design particulars of these ships were :—

TUEBEAB D, oo e R T I D R SRS 770’-0"
Max; Breadth: (Wl o s 101°-0"
T L A 310"
IHEPIACEIIGIE o vova e v enis e oinis oin saimnsinnsssslssiase s 41,200 tons
Spesll. L e R T R 28.5 knots
MEIE. BIEIRY v ciisats i oss aeevrdr e oo 4 e 10 % 16"
Armament 4 Secondary guus .......i.iiiiieisaeeaas { 1izg,,) (AAG)
Porpedo fubes vuvsvisesismsne sy 13

Besides those alveady mentioned. the design for the battleships Kii
and Owari was completed prior to the Washington Conference, these ships
were of 42,600-ton displacement and were the 9th and 10th ships of the
Eight-Eight Programme.

There were still six more capital .‘-;ilipl.'-i of the Eight-Eight Programme,
but these were only under eonsideration then, and if the Washington Treaty
were not signed and these six eapital ships materialized, it is not difficult to
surmise that the displacement would have been still further inereased with
corresponding inerease in their building cost.

The Tmperial Navy after the Washington Conference, so far as the
capital ships are concerned, is practically in the state of complete inter-
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mission, only a preparatory investigation for the 35,000-ton ship which is
to be laid down towards the end of 1931, being proceeding.

Reconstruction of Capital Ships
Directly after the Washington (onference, an investigation for the
reconstruetion of the eapital ships then in commission was*taken up within
the restriction of 3,000-ton increase of displacement and other treaty-limits,
The battle-cruiser Haruna is the first ship reconstrueted. TIn her case,
the under-water protection was increased by adding blisters for the defence
of submarine-attacks, and the above-water protection by adding suitable
provisions to the decks for the defence of air-attacks.
The Kirishima is the second ship, now under reconstruction, and will

be followed by other battle-cruisers and battleships one after another as

the eirecumstances permit.

IT. Aireraft Carriers
Hosho
(Plate 1T, Fig. 2, Table 4)

The Hosho is the first aireraft carrier in our navy. Her design was
made in 1918 and she was completed in 1922,

Notwithstanding her displacement of only 9,500 tons, and though this
was our first attempt at this class of ships, she might be regarded as a sue-
cessful ship in design and construction. The special features are that
the length and breadth of the landing deck are made as long and broad
as possible, and in order to give a eclear deck, the funnels are led up along
.the starboard side with a further provision for folding them down outhoard
when necessary, and also the Sperry-stabilizer is installed.

Regarding the Sperry-stabilizer fitted in this ship, there were minor
troubles now and then for a few vears after the installation, but this
was wholly due to the unfamiliarity of men with this appliance. Tt is now
in a good working order, answering well in using it in fairly rough seas,
and from the experiences obtained in this ship, it is confirmed that the
installation of the Sperry-stabilizer in the small type of airveraft carrier
such as the Hosho would allow aviation without any difficulty under pre-
vailing rough weather. The weight of the gyro for the Iosho is 136 tons
all and the total weight of the installation is 190 tons, that is, about 2% of
the displacement.

Akagi
(Plate II, Fig. 3, Table 4)
The battle-eruisers Amagi and Akaei of 41,200 tons rendered surplus
by the Washington Treaty, were converted into aireraft carriers.
In both ships as a battle-eruiser, the greater part of the protective deck
was finished. DLeaving the lower portion untouched, the protective deck
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and its adjacent parts were reconstructed. The upper part was entirely
altered in design for conversion into an aireraft earrier.

The principal features taken into consideration in this conversion
were :—

(1) To ensure a suitable metacentric height due to alteration of the
draft from 31 ft, to 22 ft., moreover, to reduce the weight in the reconstrue-
tion of the protective deck and its adjacent parts, the breadth was reduced
from the original 101 ft. to about 92 ft.; further, not to impair the propeller
efficiency, as much trim by the stern as practicable was given.

(2) The faeility for the landing of aireraft was the primary aim in
designing the upper arrangement, for which purpose, the funnels were
carried outside on the starboard side, their height being kept below the
level of the deck, so as to have the landing deck entirely free from any
projections or obstacles.

v (3) Space forward of the landing deck, and also space forward of
the forecastle deck were arranged as flying-off decks,

(4) Ten 8-inch guns and twelve 4.7-inch A.A. guns were suitably
disposed so as not to interfere with landing and flying off.

(5) Tendency for the greater height of the hull above the water line
from the nature of the design was restrained as far as practicable,

The design was completed in the summer of 1923,

The Amagi which was on the building berth at the Yokosuka yard
was practically destroyed by the great earthquake in the autumn of the
same year, by the collapse of her building berth, and as it was hopeless
to restore her, she was scrapped. and only the work of the Akagi then
under reconstruction at the Rure yard was proeceeded with. At the same
time, it was decided to replace the Amagi by converting the Kaga on the
serap-list into an aireraft carrier. The Akagi was completed in 1927 and
was directly put in commission, and the results have been found very
satisfactory.

Kaga
(Table 4)

The Kaga was designed entirely on the same principle as the Akagi
and there is no marked difference between them, exeept that only the Kaga
is slower by a few knots and her landing deck is a little shorter. The lead
of the funnel was afterward altered and led to go astern along the under-
side of the landing deck. Further consideration will, however, be necessary
as to the best position and Iead of the funnel in this class of ships.

» The Kaga, in all her trials, was satisfactory, as was the case with the
Akagi. In these two ships there is pratieally nothing wanting as to their
value in the qualities of the aireraft carrier; the size and arrangement
of the future aireraft carrier will, nevertheless, require further considera-
tions.



ITI. Cruisers

Tenryu Class
(Plate IIT, Fig. 4, Table 4)

The Tenryu and Tatsuta class which appeared after the erniser Chikuma
(4,950-ton displacement) designed in 1909, is, as already stated in the In-
troduection, the pioneer class of recent eruisers of the Imperial Navy.

In their outside appearance, they may come under the category of the
protected flotilla leader. The design was made in 1915 and the Tenryu
was completed in 1919.. The structures of these ships are of lighter
scantlings compared with the Chikuma.

They are light cruisers of 3,500-ton displacement and a high speed of
31 Lknots, with a suitable steaming radius and an adequate defensive power,
carrving four 5.5-inch guns and six torpedo tubes. i

Kuma Class
(Plate I1I, Fig. 5, Table 4)

After the Tenryn class, the Kuma class was designed in 1916. They
are of H,500-ton displacement and 33-knot speed, with an armament of seven
5.5-inch guns and eight torpedo tubes, and also with adequate radius of
action and defensive power.

They are high speed cruisers of, so to speak, a magnified form of the
Tenryu elass.

Fourteen ships of this design were completed during 1920-1925, giving
the same satisfactory results as in the Tenryu class.

After this class, the design of the light eruiser Yubari was completed
in August, 1921, and further that of the Furutaka class was completed in
Oetober, 1921.

Yubari
(Plate 111, Fig. 6, Table 4)

During the years 1920-1921, it was necessary to eurtail the expenditure
to an extreme limit to ensure the completion of the Eight-Eight Programme.

The Yubari is of a special type ecruiser designed under this cireum-
stanee with a view to coping with the Kuma class in speed, offensive and
defensive power, and radius of action, in spite of a smaller ship.

Notwithstanding her displacement of only 3,100 tons, that is, less than
GO per cent. of 5,500 tons of the Iluma class and correspondingly with the
building cost of a little over 60 per cent. only of the latter ship, she carries
six 5.5-inch guns and four torpedo tubes in the middle line making her
offensive power equal to that of the Kuma class, and not in the least inferior
in speed, radius of action, and defensive power.
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At the beginning of this design there was much discussion as to the
practical possibility of emabling the ship of this small dimension to have

. sufficient seaworthiness and habitability, and also to provide a sufficiently

strong working platform for guns and torpedo tubes, though theoretically
there might be no question as to the possibility of the design. However it was
decided to have one ship built, more or less, by way of experiment.

With this object in view, the construetion of the Yubari was commeneed
in 1922, directly after the Washington Conference. The work was urged on
and she was completed in only ene year. Judging from the results of severe
official trials and of actual service in commission, there is no denial that she
has satisfactorily fulfilled the object of the design in her speed, as well as her
offensive and defensive power, and also in seaworthiness and habitability.

Furutaka Class
(Plate IV, Figs. 7-8, Table 4)

The design subsequent to that of the Yubari is the eruiser Furutaka
class which was commenced in 1921, before the Washington Conference.

Although the taetical requirement then was to have cruisers of about
10,000-ton displacement with 8-inch guns, such ships were not embodied in
the Hight-Eight Programme ; besides, on account of economy their realization
was regarded as nearly impossible. But from a technical point of view, it
was considered that there is no reason whatever to take 10,000-ton displace-
ment as a necessary minimum limit for earrying 8-inch guns and a study
was taken up for a medinm-gized cruiser having displacement as small as
practicable and earrying a suitable number of 8-inech guns, at the same time
possessing all the necessary qualities for a high speed eruiser. In the autumn
of the same year, a definite plan was decided upon and a ship with 7,500-ton
displacement (corresponding to the standard displacement of 7,100 tons of
the Washington Treaty) was found to fulfil all the requirements in the form
of the Furutaka class,

In the next year, direetly after the Washington Conference, on the
formation of the Cruiser Repletion Programme, it was decided to build four
ships of this class, and their construction were directly commenced. The
Furutaka, the first ship of these quartet eruisers, was completed in 1926
and was followed by the Kako, Aoba, and Kinukasa.

An armament of six 8-ineh guns and twelve torpedo tubes, a speed of
33 Iknots. efficient side and deck protections, a watertight compartment for
each set of engines, and a large radius of action are the noteworthy features
of the class.

Bearing in mind that the displacement is only 7,500 tons, the design
was made before the Washineton (onference, and both trial and service
results have been satisfactory, perhaps this class may be regarded without
prejudice as the pioneer of the modern light ernisers carrying 8-inch guns,
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Myoko Class

(Plate IV, Fig. 9, Table 4)

The Myoko class is the first cruiser designed to the ‘‘standard’ of
10,000 tons direetly after the Washington Treaty.

The Myoko was designed in 1923, and her construetion was commenced
at the Yokosuka yard in 1924 ; since then, elosely one after another, 8 ships
of this class were laid down at the Yokosuka, Kure, Kobe, and Nagasalki
vards. The first ship completed was the Nachi and was commissioned in
November, 1928, and three of her sister ships will be completed very soon.

These ships have an armament of ten S-inch guns and twelve torpedo
tubes (eight tubes for later four ships), a speed of 33 knots, and a radius
of action almost as extensive as a larvge eruiser. They have efficient side
and deck protections. The watertight subdivisions are particularly reliable
by the partition of a separate compartment for each set of engines and
practically one for each boiler. On the whole, judging from the details of
the design, it will be quite proper to look upon this class as the magnified
Furutaka.

The first ship Nachi has already completed a series of striet trials, and,
from the results obtained up to the date, she has proved satisfactorily to
have all the requisite qualities of a large sized cruiser.

IV. Summary of the Present-Day Cruiser Design
(Table 3)

The designs of the eruisers Yubari, Furutaka, Myoko, etc. are almost
on the same basic line, and. as the description of principal features of these
designs will serve to show the general trend of warship construction of the
Imperial Navy, that of the Furutaka will be taken as an example.

Length,—Needless to say, of the principal dimensions and form of a
ship, the length is the most important factor in the design of a ship. The
extension of length means the reduction in the power and weight of
machinery for the same displacement and the same speed, but it will increase
the weight of hull and fittings, and further, the corresponding decrease of
breadth and draft will obviously impair the seagoing ¢uality. Also in all
other respects, except the advantage in propulsion there will be nothing
gained by inereasing the length; therelfore the selection of a suitable length
plays the most important part of the design. In designing the Furutaka
as a high speed cruiser of the latest type, mueh greater length than the
general practice was seleeted, that is, for the displacement of 7,500 tons in
the normal condition, the length p.p. is 580°—0", breadth in W.L. 50—9.5",
draft 15'-3.7” with the ratio of length to breadth 11.4, and also the ratio of
length to a eube root of volume of displacement 9 against about 10 and 8.5
respectively in the cruisers of other Naval Powers (Furutaka-the depth at
side being 33’-014”, the length 17.5 times the depth).
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_ Therefore, leaving out the questions of advantage and disadvantage of
long length to other qualities, but speaking only on the propulsion, the fact
that the required speed was attained with a comparatively low power weli
justifies us in the selection of these proportions in the Furutaka. Moreover,
by the effort of engineer-designers, the weight of machinery was reduced
to about 53 S.H.P. per ton of the machinery which made the design more
favourable fo high speed.

Although it is a matter of minor importance, it should be stated here
that the mixed burning system was adopted in some of the boilers in this
case owing to the peculiar situation of this country.

Weight of Hull and Fittings—The difference in the weight of hull and
fittings between the ships of the same type and the same displacement is
quite unavoidable aceording to the principal dimensions, particularly to the
length and the details of the internal arrangement, but practically there are
general standards in respect of the displacement according to the class of
ships, and 48-50% for present-day light cruisers, 38409, for destroyers
and 33-35%for capital ships may be taken as general averages.

The causes of these differences in percentage according to the class of
warships are of exceedingly complicated nature and cannot be defined in a
simple form ; however they may be principally due to:—

(a) Great variation in speed according to the elass of warships.

(b) Relation between the speed and displacement, principal dimensions,

particularly the length.

(e¢) Mutual relation between the displacement and prineipal dimen-

sions, also freeboard.

(d) Existence or non-existence of protective plates, their thickness,

their arrangement, and their utilization to the structures.

(e) Quality of material used in construction.

(f) Power and size of armament and machinery, and amount of fuels.

(g) Area of habitable division.

(h) Factors of safety in the design of structure and fittings, the time-

limit of utility, care and attention of men on board, ete.

But the most important question is that, while the displacement of a
light eruiser comes about between those of a destroyer and a capital ship,
yet the ratio of hull and fittings to displacement assumes the abnormal figure
of 48-50%, quite outside the range of 407 of destroyers and 35% of capital
ships. This was quite sufficient to form a strong belief that there must still
be an ample room left for an improvement in this direction. As the result
of thorough investigations to verify this belief, a great reduction in weight
was effectively carried out in the design of the Furutaka, without imparing
the integrity of the struetural strength, for in spite of her great length and
heavy armament of six 8-inch guns, ete. which are all against the general
principle of the ship design, the percentage was brought down nearer to that;
of destroyers, and enabled the ship to have high speed, efficient armament
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and protection at a moderate displacement.

Although it is not possible here to go into all the details of reduction
in the weight of hull and fittings, yet one or two points which could be
Judged from her outside appearance will be explained; on looking at the
broadside of this ship, it will be noticed that there is much freedom taken
in dealing with the shape of the upper deck. This was done to avoid the
unnecessary height for main guns, as well as to reduce the hull weight
without impairing the requisite height of the upper deck in relation to the
equipment of the ship. The greater percentage of the material used for the
side and deck protections is mon-cemented armour plates, which were, in
addition to their main function of protection, freely and efficiently utilized
in the structural strength of the hull.

The materials for the hull construction are as usmal of high tensile
and mild steels, and no special material was used, the average cost per ton
of material being thus of usual average, but the labour per ton of material
was slightly higher on account of the careful workmanship and complicated
nature of the work. On the other hand, if the percentage of weight to dis-
placement had not been reduced by the reduction of the hull weight, the dis-
placement of this ship with her speed, armament. and protection would have
been inereased by quite 1,000 tons over above her displacement of 7,500 tons,
and a slight inerease in the labour would be only a fraction in eomparison
with the inerease in cost due to a greater displacement.

Corrosion—A considerable attention was also given to the corrosion
in this ship; for instance, a certain percentage of the struetural materials
was galvanized.

Vibration—It is well known that, of recent years, the problem to
prevent the vibration in a high speed ship forms one of the important studies
in the ship design.

In one of the former cruisers, the vibration of the lower deck directly
above the propellers was in such an extent as to cause much discomfort to
the men in that vicinity. It was impossible to use a vibrograph on that
deck.

In the Furutaka, the vibration is practically nil, so that men off duty
on the lower deck directly above the propellers were observed reading news-
papers with ease. There is still less vibration on the structure of hull as a
whole,

Generally speaking, the maximum amplitude is not more than about
0.5 mm., as is shown in Table 3(c¢), that is, about 14-14 of those of the former
eruisers.

Oscillation.—There is no doubt that a superiority of seaworthiness is
one of the essential qualities in cruisers. It is alzso well known that the
standard to judge the seaworthiness is the periodic time of rolling.

Table 3 (A) shows the data relating to the rolling of the present-day
principal warships of the Imperial Navy.
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Again, from this table and other facts, the period of oscillation on the
basis of the displacement is shown by a curve in the Table 3 (B). On
account of the variation in elasses from ecapital ships to destroyers, there is
no reason to hold that the eurve should be a fair one, however it will serve
to show the general trend of the change of period with the change of dis-
placement in the present-day principal warships.

Further, according to this eurve, the period for a present-day ecruiser
having the displacement of the Furutaka may be taken as somewhere about
12.5 seconds, but the aectual period obtained from the rolling experiment
carried out with the Furutaka with 3.25 ft. metacentric height is as much as
13.7 seconds. Again, the Yubari, according to this enrve, should have about
11 seconds for her displacement, but actually her period is as good as 12.7
seconds.

For these ships, Table 3 (B) is prepared and in comparing it with the
Table 3 (A), it will easily be seen that the periods of the ships of the later
design are all longer, the reason for attaining these results, despite their
large metacentrie height, is due to large radins of gyration, that is to say,
satisfactory effects of bilge keels and ship’s form, proper distributions of
protection and armament and several other matters in the design.

In fact, the ships of the Furutaka class have an exceptionally long
period of oscillation on the sea, so that they are unanimously pronounced
as very easy ships and as good as large warships in a seaway, and moreover
their upper decks arve always kept dry. They have also given satisfaction
in easiness of steering and turning qualities. .

Before the Furutaka class, the Yubari of 3,100 tons has given already
every satisfaction in her hull and equipment weight, vibration, oscillation,
seaworthiness, ete. After the Furntaka class, the Nachi of 10,000 tons was
already eompleted, and the actual records of power, speed, gun trials, ete.
show every satisfaction in all these qualities.

V. Destroyers
Second ('lass Destroyers
(Plate V, Fig. 10, Table 4)

The outbreak of the Great-War and our participation in the War as
one of the allied Powers necessitated the hurried econstruetion of the
second class destroyers (1914). Ten of the Sakura class built in 1911 were
then constructed (these are the Kaba class, of 665-ton displacement and
31-knot speed) and followed by four of the Momo class of 835-ton displace-
ment and 31.5-knot speed, and six of the Nara class of 850-ton displacement
and 31.5-knot speed. These were constructed closely one after another and
in 1918 the construetion of the Momi class was commenced. It may be men-
tioned that, in passing, the twelve destroyers of the Kaba class above referred
to weve built, during the War, in this country for an allied Power.
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The Momi class of 850~ 900-ton displacement are the first medium-
sized destroyers of our navy fitted with oil burning boilers and all-geared
turbines, and twenty-one of them were constructed one after another,
Further, eight of the improved type the Wakatake class were constructed.
Of these, the Momi class was taken up as the standard of our second eclass
destroyers and was acknowledged to have all the qualities appropriate to
this class.

After 1924, the construction of the second class destroyers was brought
to an end, and only the first class destroyers were thereafter constructed.

First ("lass Destroyers
(Plate V, Fig. 11, Table 4)

Following the Umikaze and Yamakaze which were constructed in 1911,
the Isokaze class (displacement 1,227 tons and speed 34 knots) and the
Kawakaze class (displecement 1.300 tons and speed 34 knots) were designed
during 1915-1916, and four of the former class and two of the latter were
constructed, these being followed by the design of the Minekaze class.

The ships of the Minekaze class were the pioneer first class destroyers
of our navy fitted with oil burning boilers and all-geared turbines, as in
the case of the Momi class of the second class, and this class was taken up
as the standard type of the first class destroyers and fifteen of them were
constructed.

By 1927, with a little improvement, nine of the Kamikaze class and
twelve of the Mutsuki elass were construeted.

Large Destroyers, Fubuki Class ’
(Plate V, Fig. 12, Table 4)
The latest design sinee that of the 1,445-ton first class destroyver is the
Fubuki class. Already nine of this class were completed and fifteen are
about to be completed. The displacement is 1,850 tons, the armament con-
sists of six 4.7-inch guns and nine torpedo tubes, and the speed is 34 knots.
The first ship of this class was completed in October, 1928 and her
trial results and actual behaviour up to the present have fully Juatlﬁed the
design.

VI. Submarines
Second Class Submarines
(Plate VI, Fig. 13, Table 4)
The submarines are at present classified as the ‘‘Ha’’ class (old type),
““Ro’’ elass (medium type), and ““1’’ class (Ial'o'er type) ; those of the ““Ro’’
class are the second class submarines.
In 1915, the first submarine boat of medium type was designed in the

o)




9 )

kf‘ )

No. 652 15

navy, and the ““Ro’" 11 and ‘““Ro’” 12 (old 19 and 20, surface displacement
720 tons, surface speed 18 knots) were constructed after this design in 1919.

Sinee, by 1927, as many as twenty-two boats of this type and improved
type were completed. Of these, eighteen were built at the naval yards and
four at the Kawasaki yard.

It has already been mentioned here and there in this paper regarding
the valuable services rendered by several private yards in the construetion
of warships, but their services are particularly prominent in the submarine
construetions for working in parallel with those of the medium type of the
navy ; during 1920-1922 the Kawasaki yvard completed five of their so-called
“F7type modelled after the Italian Fiat type, and during 1920-1927 the
Mitsubishi yard, Kobe, completed eighteen of their so-called “‘L’’-type
modelled after the English Vickers’ type, and all of them are in service
now as the second class submarines.

First Class Submarines
(Plate VI, Figs. 14-19, Table 4)

All of ““I"" Submarines are the first class submarines, they are all
large ones of more than 1,000 tons, including ecruiser-submarines, fleet-
submarines, minelayer submarines, ete. and truly they form a group of
the best submarines of the Imperial Navy.

The technical lessons of the Great-War are apparent in this line too,
particularly in the design *‘I’” 1-4 (surface displacement 1,970 tons) and
“177 21-24 (surface displacement 1,150 tons). All of these were constructed
at the Kawasaki yard, and they are considered as the most practical types
of this elass. The ““I’’ 51 (one), ““I"” 52 (one), ““I’? 53 (four completed
and five under construetion), *‘I’" 61 (three completed and two under con-
struction) are the high speed submarines of surface displacement 1,400—
1.650 tons. These may be regarded as of the direct lineage of submarines
after the designs of our navy. All of these, except two which were built
at the Mitsubishi vard, Kobe, were completed at the naval yards, and in
respect of their structures, armament, qualities above and below water, they
are considered as suceessful submarines of the day.

VII. Special Service Ships
(Plate VII, Figs. 20-22, Table 4)

From the experiences obtained by the Gerat-War, a proper allotment
of so-called naval auxiliary vessels became an urgent neeessity, and as a
temporary means, a considerable number of old warships were converted
into minelayers or minesweepers or submarine depdt ships.

Recently, the following ships were specially designed for the purpose,
and some were already completed and some are under construction.
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Class Completed Under Construction
Gun boat Ataka
Gun boat (shallow draft) Four of Seta class Atami & Futami
Submarine depét ship Jingei & Chogei

( Itsukushima, Shirataka,

Minelayer Katsuriki 1TSL1]J‘I'EIIE P T

Minesweeper Nos. 1-6
Minesweepers are generally similar in their structures fo destroyers, armed
suitably and each fitted with a pair of paravanes.

Conclusion

In the foregoings, the author has attempted to deseribe the general
course of the After-War Development of the Ships of the Imperial Navy, as
well as to explain the characteristic features of various classes of warships
in detail.

In short, the warship technie, shipbuilding and kindered industries of
this country were proeressing with a great stride on account of the great
Eight-Hight Shipbuilding Programme, but as the direct consequence of the
Washington Treaty, a.sudden intermission of eapital ship building appeared,
for a time, to impede their progressive course. The mnecessity of proper
allotment of auxiliary warships has, however, allowed them to eontinue their
original course of development.

~Lastly, the author desires to acknowledge his great indebtedness to
Constructor Commander, Visceount T. Tokugawa, IJ.N. for his painstaking
assistance in preparing this paper.
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TABLE 2. WARSHIPS UNDER CONSTRUCTION, AS REPORTED MAR.1929,

TYPE
oF
SHIPS| pyamr GUN BOATS & TOTAL
DESTROYEKS. | SUBMARINES. SPECIAL
CRUISERS. SERVICE VESSELS. ) STANDARD
BUTLDER WUNBER.| pygplaCEMENT.
YOKOSUEA D.Y. 2 1 3 21,650
KURE D.Y. 1 3 4 14,950
SASEHO D.Y. 2 | 1 3 5.050
MAIZURU D.Y. 2 | 2 3,400 ”
z ]
IN DOCEYARDS. 12 45,050
MITSUBISHI S.Y.
(NAGASAKI) 2 2 20,000
MITSUBISHI S.Y. g 3.300
(KOBE) 2 2 .
KAWASAKI 5.Y. 2 1 3 21,970
YOKOHAMA S.Y. 1 T 2 2,143
ASANO 5.Y.
URAGA 5.Y. 2 1 3 5,340
ISHIEAWAJIMA S.Y 1 1 2 3,024
T
HARIMA S.Y. £
i |
TAMA S.Y. [ 1 1 167
OSAKA 5.Y. 1 1 443
FUJINAGATA S.Y. 2 2 5,400
IN FRIVATE SHIFYARDS 18 59,787
NUMBER 7 10 8 5 30
TOTAL
DISPLACEMENT| 70,000 17,000 13,520 4,317 104,837
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TABLE 3.

{A) ROLLING PERIODS. ETc. OF RECENT WARSHIPS

RADIUS OF GYRATION
LISPLACEMENT WATURAL PERIOD. | METACENTRIC e SHIF'S WALP wer 1w _
T O SLps. | A e fonrs| (OCMPLETE; HEIGHT. rer BREADTH. ¥=C X(PALF BREADTH)
MERTED. 21 oM z?sen,_,m
Tonz Secohds Ft. Ft. Ft.
CAPITAL SHIP ? 30,600 - 53,800 15 - 16 5.0 30.3 - 32.3 47 - 47.5 0.65 0.68
sbout
LIGHT GCRULSER. %| 5,870 (€,475) n. 2.9 8.0 23.4 0.77
m?ﬁgn— i = (&,256) 12.1 5.1 5.2 23.4 0.82
DESTROYER. %| 1,345 (1,328} 8 2.4 1.9 14.85 0.81

()

(B} ROLLING PERIODS, erc. OF THE LATEST CRUISERS
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TABLE 4. PARTICULARS OF RECENT WARSHIPS. MAR.1920,
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Ship’s Log and Speed Indicator.
(Paper No. 666)

By Seizo Shimizu.

There are several kinds of the ship’s log and speed indicator. By the
principle of these instruments they are divided into two classes. The
mechanical log such as the common patent log and Holbus log belongs to the
first elass. The pressure log such as Sal log, Navigator log, Pouline log
(in Sweden) and Pitot meter log (in U, 8. A.) belong to the second class,

The logs of the first elass indicate the ship’s speed by the rotational
speed of a serew and the distance trevelled of the ship by counting the
number of rotations of the serew by means of a mechanieal or of an electrical
device. But it is well known fact that the indication of the logs in this
class are not aceurate, .

The logs of the second class measure the ship’s speed by the pressure
in the Pitot tube installed at the turning centre of the bottom of the ship.
In these instruments, the counter force to the pressure is eiher an elastie
foree of a metal plate or gravity. In Sal log. Pouline log and Navigator
log, the counter force being elastic, the speed of ship is indicated by means
of a lever system and an eleetrical device; and in Pitot meter log the counter
force being the gravity, the speed of ship is indicated by means of a
mechanical and an eleetrical devices which is regulated -by the rising of
a bouy in mercury trough corresponding the speed pressure of the ship.

In the logs of the second class the speed of the ship is proportional
to the square root of the speed pressure produced in the Pitot tube. Then
above all the logs in this class are so deviced as to indicate the square root
of the speed pressure mechanically or electrically. Hence the speed meter
has not uniform seale and is unreliable at low speed for some one,

When the speed of the ship is not indieated by the meter of the uniform
seale its integration with respeet to the time or the indication of the length
of the passage of the ship whieh has run with variable speed of wide range
from low to high will be not accurate,

The present instrument is made by an application of the principle of
Dines Anemometer,

It comprises an enclosed container having a speeially shaped buoy
floating in mercury therein. The buoy rises in an amount which is pro-
portional to the square root of the speed pressure. It is dynamieally correct.
The speed of the ship may be indicated by an electric current or an electrie
potential difference corresponding to the motion ef the buoy. Hence the
S;peed is indicated with an wuniform scale and the indication of the log is
correct whatever its speed may be.
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Construection

The construction of the ship’s log and speed indicator and the arrange-
ment with its aceessories are shown in Fig. 1. In the figure Q is a Pitot
tube projecting from the bottom of the ship as near as possible to the ship’s
turning centre and is provided with two separate passageways, one adapted
to be acted upon by the static pressure of the water, and the other by the
kineti¢ pressure of the water.

These passageways respectively communicate through water pipes Ps
and P, with different enclosed vessels A constructed of metal or glas.s and
partly filled with water. In each of these vessels A. the space above the

water contains air, and air pipes are provided leading from these air spaces,

in the vessels A to different parts of an enclosed cylindrical container B
in which there is Dines buoy C floating in a definite quantity of mercury.

The mercury container B is supported in any desired position in the
hull of the ship by means of gimbals or a spring suspension, so that the
container B is always vertical.

The air pipes leading from the vessels A are arranged so that one
communicates with the space above the mercury in the container B, while
the other communicates with the inside of the buoy C. !

The water in the vessels A is initially adjusted as hereinafter deseribed,
so that it will come to a certain definite height at the time when the pressure
in the two passageways leading from the Pitot tube is the same.

The buoy C is a eylinder which has a float G of an iverted bell shape aft
its upper part and all the parts are constructed of iron plates, and the
air space of the float is filled with mercury. At its top an additional weight
is attached so that it just sinks to the upper verge of the curved part of the
float in the mercury.

The surface of the float is a surface of rotation of a curve AP shown
in accompanying diagram about the axis OX and the equation of the curve is

x:%(g*—:]””\..... .................. (1)
where d, is the inner radius of the eylinder of the buoy, and K is a constant
which determines a rising amount of the buoy proportional to the ship’s
speed.

The length of the float is determined according to the maximum speed
of the ship.

The full explanation of the principle of the buoy is given by ‘‘Mathe-
matische untersuchung und verbesserung der winddriickregistrier apparate
system ‘‘Dines’’ von Aurel V. Biicky, Physikalisehe Zeitschrift 10 Jahrgang
No. 25, 1909, pp. 1008.”’

This buoy will be raised from its initial position through a height pro-
portional to the square root of the pressure difference between the separate
passageways in the Pitot tube Q, the initial position being understood to

[ 7E)
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be that which corresponds to the pressures in the two separate passageways
being the same.

Henee the dimension of the apparatus and the rising amount of the
buoy due to the ship’s speed can be designed arbitrarily by taking the
proper values of the constants K and d, in the equation (1).

The upper end of the buoy C
having a metalic contact T which makes sliding contact with an electrical
resistance S,

A eylindrieal casing J is attached to the top of the mercury container
B to accommodate the rod E and resistance S, said casing being made
airtight to prevent leakage of air from or into it, which would affect the
container B. The resistance S is insulated from the casing J and from the
container B.

The movable contact T and the resistance S are electrically connected
so that they form a Ayrton & Mather’s universal shunt. Maintaing the
main current from the sonrce as a constant an ammeter M can read such
a eurrent that will vary dirvectly as the height through which the vod E is
raised from its initial position.

When there is no pressure difference between the inside and outside
of the buoy C the contact T is located at the lowest end of the electrical
resistance S so that no current passes throngh ammeter M. Hence it will
be seen that the current through the ammeter M is proportional to the square
root of the pressure difference between the two passageways of the Pitot
tube Q, and therefore this current through the ammeter M is proportional
to the velocity of the sea water relative to Pitot tube Q, i.e., the current

carries an electrically insulated rod L,

through M is proportional to the speed of the ship.

An ampere-hour meter R may be inserted in series with the ammeter
M so as to direetly indicate the distance travelled by the ship, i.e., it serves
as log. The electrical connection may be indicated in Fig. 1.

In the figure V is an eleetric source of eonstant voltage, while W may
be an electrical resistance to regulate the main current,

The motion of the contact T changes the electrical resistance of the
cirecuit and this must be avoided by compensating it or by other device so
that the main eurrent remains unchanged for any position of the contact T.
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The ampere-hour meter R may be arranged to by itself directly indicate
the distance travelled of the ship more over as shown in the diagram Fig. 3
the ampere-hour meter R may control counting or indicating train L through
a relay and separate driving battery., Thus, by means of an electromagnet
inserted in the relay ecireuit, the first or primary driving wheel of the
integrating train I may be moved through one tooth every time that the
rotor of the ampere-hour meter causes a making or breaking of the electric
eurrent of the said relay cireuit.

K’ represents a change over switch, when the instrument is in use to
indicate the ship’s veloeity, this switch K’ is connected to the terminal 1.
But when it is required to adjust the instrument for instance when the
eurrent is thought to be incorrect, the switech K’ is connected to the terminal
2 and the resistance W is so adjusted as to give a correct indication to the
ammeter M, '

N is a thin wooden plate which prevents the disturbance of the water
surface ean be caused by the oscillation of the ship.

A number of stop cocks D; are provided within the water pipe and
air pipe lines for facilitating repair in case of damage.

Also for convenience of adjustment and repair, the two water pipes
are connected by a branch pipe which is normally closed by a stop cock D,
and the two air pipes ave also connected by a similar branch pipe normally
closed by another stop cock D.

Kach of these branch pipes is communicated with outside through
openings H” and H and stop cocks D2 and Da. These stop cocks D2" and
D> are also normally closed.

To adjust the water level in the vessels A when the log is in action,
four of the stop cocks D, are closed so as to cut off the communication of
the vessels A from the Pitot tube () and also from the container B.

The stop eocks D are then opened and also the stop cocks D, and Dy’
g0 that air passes in through D and water escapes through D.". Stop cocks
D and D2’ are closed after the water in the vessels A is adjusted to a certain
predetermined level.

Also the two stop cocks Dy which are in air pipes are then opened,
the stop cocks Dy in the water pipes remaining closed, while the stop ecocks
D in the branch pipes remain open. The quantity of mercury in the con-
tainer B is then adjusted so that the buoy C is brought to a certain pre-
determined level, which level corresponds to the ease of no current through
the ammeter M. Mercury is added or withdrawn as required through the
side pipe K which is provided with a stop cock.

In order to reduce the quantity of mercury required, the container
B is provided with a hollow double wall F (see Fig. 1) in its lower part
at which the buoy has a smaller diameter, while guide pulleys are provided
therewith for facilitating the vertical movement of the buoy C within the
container B.

(V. x1
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Experiments
The relation between ship’s speed and pressure difference between the
separate passagways in the Pitot tube is represented by the equation
LAl A T S R ST (2)
where P, Pressure difference in the Pitot tube;
V, Ship’s speed;
C, A constant depending on to the Pitot tube.

An apparatus of the above principle was made for the experiment by
assuming €'=0.88 in equation (2). The measuring range was from zero to
22 knots, and the buoy of it was designed to float up one centimeter per
knot.

The dimension of the log was shown in Fig. 4. The arrangement of
the experiments was shown in Fig. 5. The water tank. S was designed
s0 as to move vertically up and down by means of rope H and qulley Q to
give any amount of hydraulic pressure to the air ¢chamber D from the tank,
The pressure being introduced to the container B from the said chamber,
the buoy F in the container B is raised. Consequently, by shifting over
the coil of universal shunt P the contact point T attached at the head of
the rod E, gives an electric eurrent in the ammeter A (speed indicator)
and ampere-hour meter R (fravelled distanee indieator) which were con-
nected in series. The electrie sonree to supply the eurrent was 100 volts.
W is the regulating resistance and I junction box. A coil used as the
universal shunt was made of a copper wire of 2 mm. in dia. and the length
and diameter of the eoil were 22 em. and 1.5 em. respectively for which
whole range can be read to 22 knots.

Now, in this experiment, inspection was carefully made as to whether
or not the current and speed hold a linear relation. For this purpose the
merenry pressure gauge (+ was connected to the container B so as to be
able to take direct reading of the speed by means of speed scale attached
to the gauge, besides the pressure scale as shown in the Fig. 5. The pressure
was given in the eontainer B by raising the water tank S and readings of the
speed in the pressure gauge and an electric current in the ammeter wera
taken simultaneously. In the other experiment, keeping the pressure in
the log as constant for some time interval, the readings of the ampere-hour
in the ampere-hour meter were taken.

Results of the Experiments

1. Relation between change of speed pressure and shifting amount
of the buoy is shown in the following Table 1. )
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TABLE 1.
Speedinkuot | oI | ey e,
2.4 .’ 24.3 Il 25.0
43 45.3 447
71 73.0 72.7
9.0 92.7 93.0
10.6 109.7 109.0
12.1 124.7 123.0
13.9 142,0 142,0
16.0 163.0 163.0

2. Relations between change of speed pressure and readings of ammeter
and ampere-hour meter were carefully tested with an ammeter of max.
current 1.5 amperes of The Weston Co., as speed indicator, and an ampere-
hour meter of max. current 1.5 amperes of The Ferranti Co., as a log.
Changes of speed pressure were given by the water tank S to the container B
and readings of the ammeter and ampere-hour meter at every time were
taken. This process was repeated several times. The relation between
speed pressure and ampere meter reading was found so that it holds good
a linear relation. Testing by ampere-hour meter requires a long time on
account of time integral of the speed, hence, readings of the log for several
speeds were taken under different conditions, viz., at normal condition, 30°
inelined condition, and in oseillating state, for an hour at each case. The
results of these experiments were obtained as shown in the Table 2, and in

TABLE 2.

Speed 6.8 Knots | 12 Knots 15.1 Knots
| Oscillating ' ' e
Position | Amplitude 30°, 208 Tiall | e
of Log |  witha Ship’s Period | 30° Tnelined | Nl
| _ Period =20 sec. e |
Timein | Ampere-hour ! 1o Ampere-hour 2 Ampere-hour | i
minute | meter reading | g, meter reading Ane. | meter reading | il
| e ins —
! — e . =
o 73256 | i Ta204 I 23 73353 | 19
15| 73263 ; 7 73307 | 12 | 73374 | 18
1 | |
30 § 73270 | T 73319 1 1 73392 lIfSETg
43 . 73277 i i 73332 | 12 73411 19
a0 73285 . =il 73344 i 73430
| Sum 29 | Sum 50 ‘ Sum 75
|

Fig. 6 and 7, and readings of ampere-hour meter were found to be held
unexpectedly accurate as in the case of normal condition even the cases of
bad conditions of the log in the ship.

.1

(5
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Comparison of the Present Log with Sal-log

by Means of Volt-meter.

The experiments were carried out by an application of a volt meter as
the speed indicator in accordance with the Sal-log in which the volt meter
is used. In the present case, the speed pressure are given in common fo
both logs, but independent speed pressure was given to only the Sal-log
above 20-knots and at each case volt meter reading was taken. The results
of the experiments for the present log were obtained as shown in Fig. §
and those for the Sal-log as shown by a eurve in Fig. 9. The curve re-
markably deviates from a straight line, while the results of the author’s
present log are represented by an exaect straight line through the origin
showing that there accurately holds the linear relation even at low speed
near zero.

Summary

1. Speed of the ship eauses a motion of a buoy in a mercury trough and
the buoy being made by the principle of ‘*Dines’’ Anemometer its displace-
ment is proportional to the ship’s speed.

2. Pressures of sea water caused by ship’s speeds are transmitted with
air into the log body.

3. Motion of the buoy gives an electrie current or volt proportional to
the ship’s speed by means of Ayrton & Mather’s universal shunt.

4. Ship’s speed is indicated by any number of ammeters connected in
series or voltmeters in parallel simultaneously.

5. Distance travelled by ship is indicated by an ampere-hour meter
exactly for all range of speed is guaranteed to the log.

6. All adjustments of the log are made simply by means of an electrie
regulating rheostat in the main current and the change over switeh arranged
in the eireuit.

The author wishes to express his sincere thanks to Prof. T. Okada,
Director of the central Meterological Observatory, Tokyo, for his valuable
advice for the researvch of this apparatus and to Captain C. Kato for his
kindness in earrying out the experiments under his direction.

The End.
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Fig. 3
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Dimension of Log Used
in the Experiments.

FlGg, 5
F

", 1
333 —

. B

e

o™
: f BUELF (]
0 IE
& E 3
I £
0
o
oy
}
£ ,,‘g“;[
p H

r-—B 26
Il_ ‘]I'
[ r3

[

N’

i




m

SPE

-

BED IN ENOTS

il
1

FlG. 6

(Paper No. 666)

PLATE III.

v
¥ //
1o
| .
| | A4
= o.l a2 .3 o4 o5 o.c o7 2.8 2.9 e
CURRENT N AMMPERE
a FOR INCREADING SPEEDS
= Fer DECHE ADING SPEEDS
Fia 1T
* TRAVELLED DISTANCE METER (AMPERE-HOUR METER)
ERRoR UNDER 2%
150
o =! =
2
[¢]
T
; dh
lc'IEJ =) +
g | o=
> | 1 4
< | |
I =
z N ' P
e T
so i
: e
-
+ et
9 —
o —
/"’/ - —
&5 |
1o 15 2o

SPEED IN KNOTS



SPEED N knoTs

SPEED IN KnoTs

(Paper No. 666)

PLATE 1V.

Fla. o

VOLTMETER AS SPEED \NDICATOR

20 |
|
| |
I_ /
5 1 rd
] | A
-
T
e i ‘:-u/
| A
/’/
W
ufd/ T
5 e
N
/.!
e
e
i
A L
v '|
5 |
o5 | I 5 2 25
Ve LT
VOoLT S
Fla, 9
e I
"
4o [
.\M'/
—
//
//
o e
/7
o 2 G 6= B =R 12.=




)

)

La Limitation des Armements Envisagée
du Point de Vue Technique.

(Paper No. 691)

Far André Lamouche, Ingénieur en Chef du Génie Maritime, France.

.

1.— Préambule.

Le probléme de la limitation des armements navals est assez important et
assez complexe pour exiger la collaboration de tous ceux qui, par lear connais-
sances ou par leurs fonctions, peuvent contribuer & faciliter la solution rationnelle
et équitable de ce problome. ;

Le technicien, en particulier, ne peut se désintéresser de cette question. Son
devoir est de déblayer le plus possible le terrain: d’apporter aux experts navals et
aux hommes pelitiques des éléments aussi clairs et aussi bien classéds que possi-
ble, pour éviter que la complexité technique du probléme vienne encore aggraver
les difficultés d’ordre militaire et politigue.

La premiére limitation, fixée par la Convention de Washington, était basée
sur des caractdres quantitatifs bruts: tonnage et ealibre de Uartillerie.  De avis
4 peu prés unanime, des bhases nouvelles doivent étre trouvées, pour tenir compte
de certaing facteurs qualitatifs dont dépend la valeur technigue et militaire du
batiment de combat.

La question gue l'expert et le négociateur peuvent actuellement poser au
technicien est donc la suivante: :

Avez-vous un moyen de tenir compte, dans l'appréciation générale d’'un
navire de guerre, de toutes ses qualités principales ? Existe-t-il, entre ces diverses
galités, une commune mesure gui puisse servir de base & une comparaison
scientifique et & une classification rationnelle ?

La présente étude n'est qu’une contribution 4 la solution de ce probléme.

2.—DBases d'une classification rotionnelle.

Une classification est dite “ rationnelle” lorsqu’elle fait appel & un petit

nombre de caractbres communs & ensemble des éléments qu'on se propose de
classer, et de telle maniére que chacun de ces éléments puisse étre défini par une
combination ou une proportion déterminéde entre ces caractdéres fondamentaux.

Ces caractéres seront iei les qualitéds principales du bétiment de combat.
On a classé autrefois ces qualités en qualités offensives et qualités défensivos:

Ces deux notions ont pu se présenter sous une forme assez simple, avant la
guerre, car le duel était alors considéré comme circonserit, & peu prés, entre le
cannon et la cuirasge. Si Pon essaie de 'approfondir aujourd’hui, on constate
au contraire qu’elle se complique: 1°) du fait de la multiplication rapide, en
variété et en puissance, des engins offensifs dirigés contre le batiment de. ligne,
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et des sujétions qui en résultent pour sa protection; 2°) du fait que ces notions
un peu simplistes ne tiennent pas explicitement compte de facteurs stratégiques
et tactiques aussi importants que la vitesse, le rayon d’action, les qualités nauti-
ques, la résistance de la coque, ete.

8i l'on veut aboutir & une classification rationnelle des navires de guerre,
il est nécessaire de faire intervenir toutes les qualités essentielles, militaires
et techniques du bitiment. Et l'on s’apercoit alors qu’elles peuvent se grou-
per en deux catégories, qu’on peut appeler qualités actives d'une part, et qualités
résistantes d’autre part. Les premidres comprendront notamment armement, la
vitesse, les qualités manceuvridres, les qualités de puissance et de souplesse des
différentes installations. Les autres comprennent la résistance dela coque, la
protection, la flottabilité et la stabilité, les qualités nautiques, le rayon d’ac-
tion, Papprovisionnement en munitions, les qualités d’endm'ancq‘ des diverses
installations.

Les premidres représentent, aux points de vue technique et militaire & la
fois des qualités d’intensité; les dernidres des qualités de capacité ou de durée.

Cette division a d’ailleurs une base scientifigue: les qualités actives cor-
respondent & de I'énergie cinétique, les qualités résistantes & de I’énergie poten-
tielle.

Cette classification des qualités dtant supposée admise, les batiments de
combat seront classés & leur tour d’apres la part faite, dans leur coneeption, aux
qualités actives d’une part, aux gualités résistantes d’autre part.

On voit immédiatement, alors: 1°) que le capital-ship est précisément le

type de bitiment dans la coneeption duquel on s’est toujours efforcé de réaliser
Véguilibre le plus harmonieux entre les qualités actives et les qualités résistantes.
2°) que les batiments de combat se rangent trés régulidrement, suivant une pro-
portion ecroissante entre les qualités actives et les qualités résistantes, dans Vordre
suivant:

Maonitor,

Cuirassé lent,

Cuirassé rapide,

Croiseur de bataille,

Croiseur cuirassé,

Croiseur protégé,

Croiseur léger, éclairenr,

Contre-torpilleur, destroyer,

Torpilleur,

Vedette rapide, M.A.8.V

(1) La liste ci-dessus ne fait pas expressément mention des types particuliers de bati-
ments de combat nés de la spécialisation de certaines qualités aclives ou résistantes,
notamment des porte-avions et des sous-marines.  On peut cependant les infroduire dans
cette classification, en constituant des sons-groupes.

Les divers Porte-avions constrnits ou aménagés’ jusqn’a ce jour ne sont en effef que
des croiseurs de bataille, des cunirassés, des croiseurs-cuirassés, des croiseurs légers, sur
lesquels Partillerie principale a été remplacée par des avions. Il parait rationnel (an moins
A titre provisoire) de les répartir dans celles des catégories susdites anxqelles les apparente

"
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3.—Le corollaire technique du principe d’ Archimede.

11 reste, pour arriver & une définition préeise dun type de batiment déter-
miné, et & une classification rationnelle de ces types, & exprimer numériquement,
en fonetion d'une méme unité, importance qui a été donnée, dans sa constitu-
tion, & chacune des grandes qualités actives ou résistantes.

(Mest ce que tend & réaliser, dans une certaine mesure, l'expression de ces
différents facteurs en unités de poids (bilan des poids), ou encore, pour psrmet-
tre la comparaison, en pourcentages du déplacement. Mais & ’heure actuelle
ces donndes numériques ne se prétent pas, en général, & une comparaison suffisam-
ment précise, en raison d’une part des types trés variables des installations; en
raison d’autre part de Iarbitraire qui régne sur le mode de classification ou de
groupement des poids. Bt cette difficulté s'accentuera & mesure que la techni-
que ira se différenciant devantage.

Il est done désirable d’arriver 4 exprimer les différentes qualités actives
résistantes d’un biAtiment en fonetion dune unité telle, que cette expression
résume plus exactement et plus compldtement que ne peut le faire un simple
poids U'importance ou lefficacité militaire et technique, & la fois, gu’on a voulu
attribuer 4 chaque installation.

Or ce mode d’évaluation nous sera fourni par la loi trds générale qui a régi
toute Vévolution des constructions navales, et qui n'est en définitive que le corol-
laire technique du principe d’Archiméde.

Qu'il s’agisse de 1'énergie résistante de la coque, de 'énergie résistante des
blindages; quil &’agisse de la puissance propulsive de 'appareil moteur, de la
puissance destructive de lartillerie, toute 1'évolution des constructions navales a
été régie, techniquement, par cette loi générale, qui est la conséquence directe
du principe d’Archimdde: la réduction systématique du poids de I'unité d’énergie
(ou de 'unité de puissance) coneentrée dans les diverses installations,

Les progrés successifs de 'archifecture navale, en effet, qu’ils aient consisté
dans Vinvention de procédés nouveaux ou dans le perfectionnement des solutions
déja appliquées, ont toujours été caractérisés par la tendance & faire, pour toutes les

lenr type général, en constitnant’senlement dans chacune d’elles un sous-gronpe caractérisé
par eefibe importante particularité d’ordre militaire et technique & la fois.

Quant aux sous-marins, leur arme principale étant la torpille, ils se trouvent logique-
ment rattachés au groupe des torpillears, la vitesse plus faible étant compensée dans ce cas,
aux points de vue offensif et défensif a la fois, par Veffet de surprise et par immunité
spéeial que confére aux sous-marins la possibilité de simmerger. Dans ce gronpe général
dea torpilleurs, ils constitueront seulement un ou plusieurs sous-groupes bien distincts.
(Les grands sons-marins de croisidre daus lesquels "artillerie reprendrait la prépondérance
formeraient un sous-groupe des croiseurs légers).

Le fait de parvenir ainsi, par des conventions raisonnées, & faire entrer dans une
classification unique fous les types de batiments de combat, n'empécherait bien entendn
nullement, lors d'une nouvelle limitation internationale, de détailler cette limitation par
groupes et sons-groupes, selon les types que 'on croirait devoir & ce moment-1a contingenter
abéparément. : !
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catégories de navires, des batiments dans lesquels, aprés avoir amélioré le plus
possible les qualités de la matiére et le rendement des appareils, on tendait fata-
lement & réduire‘ progressivement les coefficients de séeurité, qui ne représentent
autre chose que des marges de puissance ou de résistance. Or ces deux éiapes
de Dlévolution générale des constructions navales se ramenaient bien l'une et
Vautre & la diminution systématique, pour les diverses installations, du poids de
J'unité d’énergie active ou résistante effectivement utilisée.

Leg limitations de tonnages et de calibres fixées & Washington n’ont fait
qu’intensifier cette tendance générale. La Convention de Washington a trans-
formé la course & la quantité en course & la qualité. Mais il est bien évident
qu’il ne faut pas prendre ici opposition entre “ quantité ” et “ qualité ” au sens
absolu que Iui donnent les philosophes. Cette opposition signifie simplement
que la valeur technique et militaire des diverses installations d'un batiment est
de meins en moins fidélement exprimée par des chiffres bruts, tels que déplace-
ments ou calibres, échantillons de coque ou épaisseur de euirasse, poids totaux
d’appareils moteurs ou de combustible. I faut, par deld ces caractéristiques
purement nominales, connaitre le poids unitaire (le poids par unité d’énergie ou
de puissance) des installations correspondantes. La course & la qualité, clest
finalement la course au rendement de 1'unité de poids de matidre: la course &
I'utilisation énergétique du kilogramme de navire.

11 était inévitable, d’ailleurs, qu'une telle tendandance fiit portée au plus
haut degré par les Marines les plus strictement limitées quant & la guantité
seule. Clest bien ce que confirme la publication des caractéristiques des biiti-
ments récemment mis en chantier en Allemagne. Cet aceroissent extréme du
rendement énergétique de chaque tonne de navire, qui fait le plus grand honneur
4 la science et 3 lindustrie allemande, n’est d’ailleurs obtenu, dans ce cas,
qu'aux prix de sacrifices financiers qui ne peuvent étre considérés que comme
un luxe isolé. La course & la qualité, si elle se généralisait & ce degré exception-
nel d’intensité, devrait 8tre limitée comme la course & la quantité.

Quoi qu’il en soit, le corollaire technique due principe d’Archimdde, dont
Pimportance et la généralité ont ét6 mises en évidence ci-dessus, va nous fournir
Jes éléments nécessaires pour tenir compte avec préeision du facteur “qualité,”
dans la classification rationnelle des bitiments de eombat. Il peut permettre
d’apporter plus de clarté, tant dans U'étude des projets de batiment, que dans
les discussions relatives aux limitations futures des armements navals.

4.—DBilan des poids et bilan énergétique.

Ainsi qu’on I'a rappelé plus haut, le bilan des poids est insuffisant, non seule-
ment pour caractériser la valeur technigque et militaire du bétiment, mais méme
pour permettre de définir avee précision la classe & laquelle il appartient. I1
faut connaitre en outre, non seulement le mode de groupement des poids partiels,
.qui difftre dans les diverses Marines, mais aussi le type des différentes installa-

tions.
Au point de vue technique, ces diverses installations se trouvent définies de
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facon beaucoup plus précise par Ies poids unitaires qui leur correspondent. Si
Ton rapporte ces poids unitaires, d’aprds ce qui a été vu plus haut, & des carac-
téristiques de puissance ou d’énergie, le mode de définition complet ainsi adopté
pour les batiments de eombat fournira finalement une expression de lear valeur
technique et militaire & la fois.

Pour cela, il faut établir, concurremment avee le bilan des poids, le bilan
énergétique complet des btiments de guerre.

Ce bilan énergétique sera établi d’abord a posteriori, pour les btiments
antérieurement construits. On déduira de 13, par la voie statistique, des coeffi-
cients qui ultérieurement permettront d’établir approximativement & lavance le
bilan estimé des batiments nouveaux & construire, exactement comme cela s'est
fait pour le bilan des poids.

Ce bilan énergétique ne sera nullement destiné & remplacer le bilan des
poids, ni le difficile balancement des caractéristiques de toutes sortes auquel
donne lieu, plus généralement, 1’élaboration progressive d’un projet de navire.
11 apportera seulement un élément de plus & cette discussion si difficile, en ex-
plicitant certains facteurs qui demeurent & I'heure actuelle trop implicites, trop
purement qualitatifs surtout, échappant ainsi & une discussion quantitative
précise de Vensemble du projet.

T1 fournira une tradaction mutuelle des caractéristiques militaires d’utilisa-
tion d’une part, et des caractéristiques technigues de construetion d’autre part.
Il préeisera numériguement le mécanisme des échanges (bénéfices dun cdté,
sacrifices de l'autre) auxquels on doit procéder, au cours de la préparation et de
la discussion d'un projet de navire.

A titre d’indication, voici une des formes sous lesquelles il semble que ce
bilan énergétique puisse se présenter utilement.

On partira de la méme relation fondamentale gue pour équation des poids:

D :.l}p’
qui exprime simplement que le déplacement est égal & la somme des poids
élémentaires entrant dans la congtruction du bitiment.

Mais au lien d’exprimer ces poids ¢ en fonetion du déplacement, on les
décomposera en deux facteurs: 'un représentant, une donnde militaire d’utilisa-
tion, ’autre un eoefficient technique de construction. '

L’identité d’oft 1’on est parti se présentera done sous la forme:
=3Xip.

Les quantités » représenteront les données du programme (vitesse, rayon
d’action, armement, approvisionnement en munitions, protection, ete.). Ces
données seront, ainsi qu’il a été dit plus haut, traduites sous la forme qui résume
le plus complétement leur efficacité, c’est-i-dire en unités de puissance ou
d’énergie.

Les quantités i ne seront pas autre chose dds lors que les poids unitaires,
gelon la conception générale qui en a été donnée ci-dessus: poids par unité de
puissance ou d’énergie, active ou résistante selon le cas.

On sera conduit, en définitive, & une forme nouvelle de ’équation de dé-
placement, qui pourra dtre discutée en elle-méme si le déplacement est fixé a pri-
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ori., Dansg le cas contraire, elle sera établie et discutée concurremment avee 1’é-
quation de déplacement sous sa forme habituelle.

On peut rema quer d’ailleurs que, dans la pratigue, c¢’est bien de cette
manidre que Von procdde, mais en considérant isolément les installations sur
lesguelles on veut faire porter tel saecrifice ou tel bénéfice, et en rapportant les
“ poids nnitaires 7 & des unités différentes sslon les installations envisagées.

La présente étude tend seulement & préciser et & unifier la méthode, en
substituant & ces balancements igolés un bilan d’ensemble,

11 reste & donner quelques exemples de la maniére dont on peut former ex-
plicitement les différents termes de ce bilan énergétique. Notons, & ce propos,
quwil y a un avantage important & présenter ce bilan sous la forme indiquée ci-
dessus, ¢’est-i-dire en partant de termes exprimés en unité de poids: c'est que
Pon peut se contenter de déeomposer en facteurs d’énergie oun de puissance ceux
de ces termes pour lesquels on sait effectuer cette opération avee nne précigion
suffisante, & 1’époque considérée, Pour les termes, au contraire, qui, soit défini-
tivement par leur nature (personnel, vivres, ete.), soit provisoirement du fait que
I’étude de Vutilisation énergétique moyenne de 'unité de poids de matidre est

encore insuffisamment avanecde, ces termes peuvent rester exprimés en unités de

poids, sans détruire ’homogénéité de la relation qui traduit le bilan énergétique.

La vitesse et le rayon d’action sont évidemment les caractéristiques
auxquelles s'applique de la facon la plus immédiate la conception présentée
ci-dessus.

Les poids unitaires sont iei respectivement, le poids par cheval de 'appareil |

moteur et évaporatoire, et le poids par cheval-heure du combustible consommé
par cet appareil & une allure donnde. L’accroissement ininterrompu de la puis-
sance massique des appareils d'une part, de leur rendement énergétique d’autre
part pour un combustible donné, le choix méme de ce combustible enfin, ont
entrainé la réduction progressive de ces deux poids unitaires, par unité de
puissance et par unité d’énergie,

S8i Vi est la vitesse maxima prévue an programme ou résultant d’une
premidre estimation; V,, la vitesse tactique principale (celle qui détermine
Papprovisionnement total en combustible), et 4. la distance franchissable cor-
respondante; F; et Fi, les puissances qui corregpondent & V; et Vo, on aura ici:

m=F; pa= —%;Ag—.

Quant aux facteurs 21 et s, le premier sera le poids par cheval de 'appareil
moteur et évaporatoire, le second le poids de combustible consommé par cheval-
heure & la vitesse V.

Dans le cas de larmement, et de lartillerie notamment, il est aisé de
mettre en évidence deux caractéristiques de puissance et d’énergie aussi impor-
tantes que dans le cas de la propulsion, et de les décomposer en facteurs d'utili-
sation et facteurs de construetion, comme ci-dossus.

&i, pour l'artillerie principale par exemple, on appelle:

N, le nombre de pidees;
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p, le poids du projectile;
v, la vitesse initiale;
ny, le nombre de coups tiré par pidce et par minute;
s, le nombre de coups par pidee ecorrespondant & Uapprovisionnement total.
Le facteur de puissance correspondant sera:
Nog pv°
29 i
Et le facteur d’énergie (qui correspondrait exactement, au point de wvue
militaire et au point de vue technique 4 la foig, au rayon d’action dans le cas de
la propulsion) sera:

Hs=—

__ Nng p?

[a=
29

Les coefficients de construction correspondants 2, et )s seront ici encore des
poids nnitaires, rapportés & Vunité de puissance dans le premier cas, & Punité
d’énergie dans le second cas.

On aurait 4 faire des ealeuls analogues pour la coque, pour la protection,

ete.

On peut encore présenter le bilan énergétique sous une forme différente, se
prétant & un résumé historique trés condensé de I’dvolution des principaux types
de navires de guerre.

Cette nouvelle présentation ne sera donnée iel qu'a titre purement indicatif
et approximatif. Il serait nécessaire, pour Iui conférer une précision suffisante,
d’affecter & ce travail un nombreux personnel dessinateur ou caleulateur. On
pourrait conceveir que ce travail fiit exdeutd et tenn & jour par un Bureau inter-
national permanent d’étude et de contrdle, qu’il fandra sans doute eréer un jour,
si ’on veut faire en matidre d’armements navals de la limitation rationnelle et
effective.

Ce mode de représentation consiste, pour chacune des classes définies (ainsi
qu’il a été dit plus haut) par une certaine proportion moyenne entre les qualités

" actives et les qualités résistantes, & figurer graphiquement cette répartition, ou ce

bilan des gqualités actives et des qualitds résistantes. On pourra prendre pour
abseisses les temps.  Quant aux ordonndes, si I'on prend les déplacements et leur
répartition déduite du bilan des poids, on aura une premidre approximation
(graphique I); celle-ci se trouvera précisde davantage si 'on porte au contraire
en ordonnées la répartition déduite du bilan énergétique (graphique II). La
connaissance des poids unitaires est nécessaire pour passer du premier au second
(ou encore la conmnaissance directe des caractéristiques de puissance ou de ré-
sistance énergétique des principales installations).

Si d'ailleurs, dans chacun de ces deux cas, on rapproche les courbes corres-
pondant aux diverses classes de batiments, en les disposant suivant une troisiéme
coordonnée, on aura un diagramme résumant la classification congue sur ces
bases. Ce dernier mode de représentation a, par sureroit, 'avantage de mettre
en évidence la loi de continuité qui régne entre les différents types (loi & laquelle
recourt foreément tout auteur d’un project nouveau, au cours des interpolations
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et des extrapolations auxquelles il est obligé de se livrer). Il permettrait de
situer éventuellement, sur la surface définie par cette série de courbes de niveau
(silon peut g’exprimer ainsi), un type hybride qui n’aurait pu &tre rattaché
exactement & aucune des classes précédemment définies.

On n’a pas fait figurer dans cette représentation (donnée, il faut le redire, &
titre purement indicatif et approximatif) les sous-groupes relatifs aux porte-
avions et aux sousmarins. Ceux-ci constitueraient simplement des ares de
courbes spéeiaux; ou, si l'on veut, des nappes particulidres plus ou moins étendues,
dans certaines régions de la surface générale définie par cette représentation.V

Enfin, il serait possible, bien entendu, dans un graphique plus préeis et
plus détaillé, de décomposer chacune des fractions correspondant aux gualités
actives et aux qualités résistantes en leurs éléments essentiels (Ia premidre en
armement et vitesse, ete.).

5. —C'onclusions.

L’évolution contenue de D’Architecture Navale a tendu, non seulement &
P'aceroissement quantitatif (déplacement, calibres, ete.) mais aussi et surtout au
perfectionnement qualitatif. Or ceel signifie simplement, pour le techniecien:
accroissement ineessant de la quantité d'énergie ou de puissance concentrée
dans 'unité de poids des diverses installations.

Cette tendance générale a été intensifide par les réeents traités ou conven-
tions fixant des limitations quantitatives (Convention de Washington, Traité de
Versailles). Tant que cette tendance suivra le rythme général dua progrés indus-
triel, on ne pourra que se féliciter de la contribution qu’'elle apportera & ce
progrés (comme elle le fit toujours dans le passé), ou du bénéfice qu'elle pourra
inversement en tirer.

Mais il pourrait arrviver qu’il se produisit exactement dans Uovdre qualitatif
ce qui a eu lieu dans 'ordre quantitatif avant la Conférence de Washington. Clest-
a-dire que la eoncurrence internationale portit cette tendance & un tel degré,
que les dépenses spéciales faites pour le perfectionnement intensif du matériel
naval fassent croitre & nouvean démesurdment les budgets des différentes
Marines.

A c¢e moment-l& on devrait superposer & la limitation quantitative une
limitation qualitative, c’est-a-dire (d’aprés ce qui a été dit plus haut) une limi-
tation d’ordre énergétique; ou encore une limitation budgétaire, qui remplirait
indirectement le méme but. Car ce ne serait plus alors le prix par tonne qui
déterminerait le cofit de construction d'une flotte, mais plutdt le prix par unité
d’énergie ou de puissance.

1) Omn a pris en général, pour établir ces graphiques, les batiments de la Marine fran—
caise. Pour les grands batiments cuirassés postériears & 1914, on a pris ceux des Marines
anglaise et américane.
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En résume, on peut retenir de ce qui précéde:

1°) Que la valeur militaire (the fighting power) des bétiments de combat
ne peut &tre définie uniquement par le poids total d’'un flotteur ou le diamdtre
d’un tube;

2°  Que pour définir cette valeur militaire (comme d’ailleurs pour établir
une classification rationnell) il faut tenir compte au moins autant des quantités
d’énergie ou de puissance que des déplacements ou des calibres nominaux. On y
parviendra en établissant un bilan énergétique.

' 3°) Que pour éviter de porter atteinte & I'ingéniosité des techniciens,
comme & la liberté industrielle et politique des différentes nations, on pourrait
par exemple faire intervenir cette condition dans les limitations futures des
armements navals, en affectant simplement d'un coefficient de majoration, pour
le calcul des tonnages alloués & chaque nation, les déplacements des bitiments
d’aprds la valeur énergétique moyenne de leurs installations militaires.?  Ce
coefficient gpéeial devrait, dans tous les cas, étre appliqué spécialement aux bati-
ments munis d’installations dont le rendement énergétique par unité de poids
gerait nettement disproportionné avec les possibilités industrielles moyennes des
grandes nations contractantes. Un autre procédé pourrait consister (puisque cette
disproportion entrainerait forcément des prix de revient par tonne aussi dis-
proportionnés), 4 superposer & la limitation des tonnages et des calibres par clas-
ses, une limitation budgétaire globale,-celle-ci étant d’ailleurs calculée assez large-
ment pour respecter l'indépendance de chaque nation dans toute la mesure com-
patible avec la sauvegarde de la paix universelle.

1) 1l serait d'ailleurs aisé de faire intervenir dans ce coefficient I'dge du batiment



Bl e ey e - ff BN o LN ey D AT Soasil

: ‘(8aA1908
~
g s i =931 [enb Xnw 89105100 spiod saf ouop ejuesgrdor sagINOD Z SA] AIGU
....M Tr o as1dmon sguuopio,p uonrod 1) Xnwgoq op
& e s = |..mw_w;% agles sopuBIBIsAl 9Yi[Bnb xuw quepuodsarion sprod sap 8QINOY) e
W E L A — N apuasery
-~z — e o |t||l e
& AW il s mr (sp1od sop uwiq of sRade,p 1qLIP)
= s YR T A wﬂm w\ Y 1 enbigdeis
i 4 R et .r..ll -
rI\\HI s _fliﬂlTlxlﬁlllu_hvmm.__u.nﬂu—, ﬂab . n_on__\..u :
. - 4 # ] Ll T I
tastad .
: : o i .I\NIJI\{III.* s B
Hdnmmnno.m.MWL: E ||mm.w,|.o|3d L i _ I Y ety srag
] L P ||1-L.1|J|\..|||\|- s P.:ﬂ\gcv\ngn.ﬁ
] ! I X i o N . i _
! " “ ! u 3 __.ll\uxr.ll\i\.onafvi a0
I 1 . ! :
' [ 1 4
| I |1||.., & S N |
i .“ “ I " 5 i \\x__ %wﬁ\ﬂ%.ﬁ H_R‘.V "
“ “ | " H s p\l Jm....\ nuhnﬂhﬁu ! !
EEE N HEN
EREE B
] I ] _ ! 0
i m = _F " !
I S : _
I | __ | | __ s
I | 1 I | ] “
[ | Sl | ' _
| | | ! | |
EIE B R !
WL "
1 1 1
| 1 I v
¢ m “ ! : \\“
| ¥ I I I !
“ i ] ! 1 ;
i | | i ;
_ “ 1 | I “
1 | ﬂ __ “ !
“ H I ' 1 “
| 1 [ I
I \ ] | 1
[} ] I 1 (8

i

o~ SRR —— e



ta )

i

-

B E B o 78 E

(Development of Marine Engines in
Imperial Japanese Navy.)

(Paper No. 749)

| &8 = S om fE

(Fylusalw Ushimaru, Rear Admiral, I.J.N.)

FEEIMITHYND Z AR O BLEkE 1863 45 (4 S4R) AN ESHAEEO M T
XD TRMEEEE L2 2Tl &7 2, BACER RS & 67 ARHRlsRiE i
EREEME L, PhEicEE, RRCHMO, GEHOWErERATS HOoMIcET 2
BieOTH 54t 1894 45 4= 1805 4E0 1 5% % 1904 42757 1905 420 A FRELE
TG 233 IO 2T BMMEEO AR A, BECkEE (& LT®EE) ol
L7e b DT D7z, RS ICIERTEE & & 58 CIuB it 2l 2 P L B RO 2!
BN b IRA T H &~ LiB7e 0T B 5o DUTFAEICH 0 g0 KRBk~ )
5 &8 3,

Il

H—an RIS ORE

(1) & B M

FRBIGR) D BEEE T ¢ o 382 60 15 1o b @ 1 BTHEoMR SR E R
THDe TNAREAOFICL D TES N2MHBRHOELTH B, 18TH4E (IFiF
AR IR I 443 e B0 = i E B R SRR LR R o MBI R
1400 J570 0 RThaliei e 26fii L7z, 1891 45 (iR 24 48) CIRREXECTn T
1,200 A OE S ARER ML, 1805 45 (U1 28 41 (IR akreiaie i, 2
Tl 8,500 F5700> [l i 250 Lreo

BRI 2 b BREE=SEDLF 12 50 3 R R, BRI O£ Bk —IcIE,
B8, BhOFE R ICHE L LEiF ke B 21E 4807, 1901 45 (Wig 34 4R) Tk 2
Bl 9,500 51000 5 =B & S0 e I B L, 190548 (35 88 4%) 1T
E—HELT 2 ifif 19.000 B50@ b © ¥ WPEHR I B AERT, 2 2 ) 17,000 Bho b
O i BREEEREIC, BARICIE 2 @ 21,000 [5 110 b o % S e 25 | T b 15
B i37e0TH 245 BRER (T4 v | OFERCEUA T8 O HE: 51
FEHBNRP 5 IChED,

ALk boeE, 1900 45 (WG 33 45) BESMEEE BEEO 2 M EENCREL OER,
HoOpe 1 e [P~y v res v v | wdEfiivA & LT 2 0Z bt
DIeDT HD7ehs, BimORECEBMBICIWIIER L DT L4135, THRIFE
VER IV Cr ) TR A L LIEWTDH 5, 2k 1906 4 (i 38 4F) o=
D, BWEIFA [ FroF 2= bl vy ] BT 2 2 B—RCh L5



td

No. 749

S, WIREEICHTY (s ] TR 200 FLOMmPELE D, BIC
1905 4¢ (W3R 88 4E) 11 B WIHBEMROFSEXBHE L, BRI zic [y
vl BEOTT 3T Lok, HORRCHLTR =Y v 27 JETET
2pDL [I—FRreg Ay | EAETEZL0LD 2 B ELERE 2 TH O
BOERBERFEBEP IR (v ) ST T r e ) SRR D S, B
LEZ O & V#3725 Engmeering Commonsensz (T X DB T4E [H —F =)
ROBGHERTH B EEEL, 1906 4 (NG 394E) a4y — 05~ ¢
LT 2 il 28,000 JEHI Db O EFEL Uiz, ARBEIZRIE 8 Hogik L 9 FEAICHER
Shie, ThBHDRNED [H—FRF Ny | PEETUEN L RORIIT
&2, AETIEE BRI b Faiti 2 fh 21,600 BHO [»~5 2] XpsiRmL
B AL, JEHTHEEO AT BT AR O M ERR T L~ T R T 2 Rk BT R e
DTH Bo

211907 4R (WIS 40 4R) (ITIEEARERE EICES T 2 fih 8,000 [BH0 M-

ZeF Ny | BEME e, WHEEECHEEIEZE T IEMT [y r v ] BRM-

Foh, 1915 FL E2H SR T~ YR L, [H=FR L[4 The=T bt
~Y R R TT 3D en—F2 ] SHEHNE Shte, JEHIC 4 i 64,000 BHOW
e S RIASIEE [ v itic sz b, A 3 EaRiticTidue b nic,
4 B S ENE LS LTHRIBEOWE L BOoTES, SO [Frvr | ITiRED
TR 2EEE T 25, 2 Tr vy | NICREESELSRT b hie b 0% \n,
SEMACR G B T e | OEERITIZ IR TR =28, )OSRt o,

1918 4 (KIE 2 %) FEOREEGHES, B I s s s i o it T~ ¢
v BBRHEb A TE [F 14 vr | ificilifhie biie, o AR ICH T 2k
HERHOTDTH S,

1915 4F (KIE 4 45) BEQEBEEPGROE: My v v ] i3 2 Wi 16,000 B Ho Hik
W NITIRD 545, BHEGIER ORI Ty rer ] 8F L, HoxlTyry
v | EHICHRBRECTHD THEELNL OO TH B, TIEFRBELHE L=, )|
B OMFERSINC TREEICZ MO [ 70 ¢ | 28EEL, EFRELE Eodidgiic
TRECRITIEL, B EALZZBEL AL TR, Loilfd R cEEaitos
THEINTLDTHOM, EERERCESOTIHD THEOE L B L A2 0TS
z..!o

1916 4F CKIE b 5F) HEo BEZEME A M KOs WFEER BEf o i 2 SL ic TRifgs I
REZ T~ Ere Fed A ¥y | RHOERTH 2, IEOBINIEAHEICTHE
b, HOAFBEMICIIIHNS BHk 2 B8, MR T7re | oA
| bRICH T2 T &l R.

1917 48 CKIE 6 9F) IO MPEEskmei c i3 AR [ 7 0 ¢ v | 28 b fuze,
HEBAR T 1 v v | BIERENASOHRT, EEESVNECH2BTohR L@
U TR 2 BICR TRIC R 72 2 M0 Td 2, XAHEE gD
BRI V)~ MV Ty | il bobd o, BE
EEOEFRC IR TEAR [Frey | BN TES, KA1y iR
4 v 2] 30T, HoBRLWDOFMKTEEALEERED b DT, KO AREEEE




(W]

No. 749 eF

iR T SRR 555 T L LET D,

TH—rE¥y—§F ] S b i, |RoRMERER 500 WJHE 600 Ric
b kD, RTEERROBIEE LTSIz, TANBROZL 2ENRSHITH
KL, 2EES Trrey | Rkt @& cHiEcbEL, RTHE, BRETHE
Bie KT BHESEE T & T ROMFHITID RMTAHFML L LTHEAL, =
Bl LTk 5 %= J8E [ =5h— Ve 2 7V I EREHE SNAS, R
= ) TRETAREMSREYE 5 5 DICE D7, ROBAREALENNEED b OIciR
D HOBEEMY AT 2R E AL CTEL IO LD 30, WEIRTHEET L0
LT A OFARN] Ly TAEEICHINT b HUEAEIC AT D T TET HomE 5 5
HEF B LTES, LEE M vy | ORHIRROWEY LU 2EH L E xS
O3, BT LTREQREINCGERET 2 b O L5380 5L, HOWI T4
hoHETHTHD LHEET 5,

BAREE CIRH LTEIEHEEE L, KB [ VAF v 2~y 2 | FEOBETHEEET
LEHE - Y 2] GEOBREHEN LTS, WEREL LTAEIC, BEEHI
IMECIRBYE LN TES,, WO BHEE T 40 REEHE L, BiEosm 1 Hic
#13 2ESE 1,000 97 HE 1,200 UriciE L TR S, JOEOAERTIO b 0l 45
CHofehiZT 30 ETiw bivie, TRlEE G EORM DG+ BrE
BE)ETEEOWEY Ul &L, ELATHEOMELD L, WEOEBNK S
ERLE~LLDZOTHDOT, BEAORCELBLTIRTH %,

PR 2 A s R DI R R H AR BB L B 3 b © LM
BIb BRI 2 a5 b O L ONALIREE bitke, M LTHEDHAT 2 cil
FUHEIEE b 22 2 Hik L7 AR OBER L & ) S~EMSEOREL R ok, X 1
~Y v 2 | BFERGESTRAE O, Ho [Freer] BElEke LTS %
ALEDOTEVIE, [F ¥y |RNITHNT 275500 SHEEROHEN L X ATEE L
ir 2EEE R LT, T 28E CEROBENEXEE RS EhOk
A, i TIr vy | OBEICED LEEAARZRIOERD , Tk I b 5HEE Rk
DEoTH 2, SRS 1T 1918 £ CKIE 7 45) #OHT [ 3V Fov | A OEEHE R
DEERICTERH S b BB TR KRG E £ LR BZVEL &1
Ao BB THEHEONZEDNE (Fr 72V~ 5, [H-vrz| KB
Mz,o¥—vH,2 | RERD 2, H2LT =Yz | KBS ELHDTE
TeDTH 3o BUER L b QUSRS 2 40 ( ZEEREN O N A SR 4, 11
LEF I HHEF BT o055,

IR TEFEMEESEECIRHY b LT DR H I Bk 255 8 3
I, IR T SHERE R L D ERIICIRA A & OFLD O, %5
ICHBRE R 2z L hDre, 4821 1921 48 (RIE 10 42) 1T b I
B E-b L, LR E LT G B S0 BREES TR b i, [
Hebx 2 WG 8,000 Bye&ulE 4000 BHOEIEY DTEEYbh, Eifid 132
Oy~ BERICL ) TS NTIES , FfEIE 1923 4£ CKIE+TZE) BT
LRI 2 RABICIERI L T/E 2o



4 No, 749

(2> f#

1863 4F (GeA 8 48) BT 3 0SB TICHIC IR 2 Mo EipEs sl
b Me, Hik 1899 4 (IR 32 4E) SEITHKY BB 2 (i1 b P BIHEE: ¢ 2 [5E
FEML, KBECE (r<r Y=z 7 ] RETY - =~ ) fESA S50
HBNTHES, 1898 4 (Wi 31 45) IKED [y ] fEHRHIE S Nz, A5
B BB EEBOENEO R ST L b OTH 5 . 1901 4 (Aik 34 4E)
Lo BIREL B RNIC g6 M e, ML ERSRETFOBPCES Lo,
HECAR IR Lcok z hE TR E T 2, BILOERED 6 2B —Kkst
BT R THEH LS LB o0, AR RONEEEOASEIC HEEIEHE b iz,

1902 4¢ (HEih 85 4E) AEINOHHEE =27 v — 2 B D THEECS ke, 25
S b Ee R b, KT HEEEO KNI TR & s B B I
Kb hid, [yt LR LBOBCRRAr bk b otk v,

1902 4= (WG 85 47) BEZEANNIC [ 1 ) iRiBARE L 220 L. PO RiRER L
BEoh, SEEQHFRECRTRIIEGS 2 [r | BeAXEowScd o, [
DR O CEREEOZEEIC X — TR b Sz, fF LILHERAK T F o 4
FHEETR T H 2720 HERICE ) T EF i koo CZ h ¥ [HRCED,
RS OEFIEE R LT [e ] SRt & o7,

G RS, (U E TR b 0 7eAt WERE IR R 5 5 3
CEOTEREE S 72, LHEOBEECIIHT [r ] WEALRT NS 3 ik
o, [FEEE 1914 48 GRIE 3 45) #10 THLREES TR 6, s o
BRI L THRAERFOENNCR S Z N6 LTES.

gt EEMORBEYToROE 1906 5 (UG 30 4) s\ J 1L < 5 s
Bt He b NORMZ D T, FEHERKOMTERRT, ey sk, &
SHEEEREE 1909 4E (Wiig 42 4 HITOBSRENER KL EICIEHY b 20 53HD
TP Do HBITEEEHEL EAIIEEE L R L, SRR o> & e84
OEALSESE 2 Ukedd, BERARMEREEEO » MEHE N TIES,

ISR L DAL (4] eI SEHE s s, fiedEdd
B feD i —H—Z48 (RIE 2 ) (v —w~ | GitOHEREZ b0 T, FFELREIC
s b M EEEHRICZ M TR b iz, 3L 1916 4 GRIE b 8) FEo WS
K L EEZE S B AR O HIT R 258 FR R M- 5 4L, SBEUEIE fh
LIEG 100 BT B, KTHIBEM AT b RENEZRARIIE b7,

FHAO T e | SREANHECRTRGREKR TF7 2] AO—BIEZT bN7ed [
P b NICAD, JHEl 2 FIOFEBESLRAMBICHIN Licz 2925 B LEFO
B O THEER [ F 7o) MCEHEEOEE b e, LERRRE R —Bic B
ENTIED,

HoARLEAkeEd kb, &0IZ 1cT 12,000 BhiEiET 2 CE ol L[
BEIT, WEOUSBEEERE bR 7 0, - L TIC S496 Lz, B ICTHY S0%IC
¥ BITEDIR. _

(8) 1 & % &
A

AR ST T 2 2EKB I HAAE 2+ TH 0T, HIENERRS, &

L0



5 ,-
f

(¢)

No. 749

@

EENERLN LG SRR AEND 2, WKL UATR O b O, HEREO S OXLE
E%2 0T — TR EWA, BEHFRASETHME 58 i, EZ 0.048 Mo REH
FREIL, Folit (2=7,~4] TSR, 19068 4 (HiE 39 45) HTOBE:
FRECEOTHOHTEBO[==F 5,727V o270 | ©LOBEHE LS,
BOGRMT 332 TH 2o KT 1900 42 (355 4245) L TOWEFNICE D [V
V¥ TR, F| O [2=75,7 2] HABSRIELNLE,

1916 4 (KIE 5 45) EOoBESBEFRLGHERNRLIVE (2~ F ¥~ Foon ¥
v 1 PEE L, JLEEOEE, B [7 Ly ] OFICEELes LRBO bO%
BEMES e, IHEBIC L2 LERRANMEIETF 2HRE S 588, oMWY KEb
L 2R F A0 T, BWEAHoNac L bRt EEisticgEiss
TED,

gt e AR b 2 2 I B OB L U KO MR W) 2kl F
74 =¥~ | ORAFICHEST 2B R0 6T, HREOZELED bl B
BHLEOENTIE 2 RPN NTRES

C4) & &K " 3

WS IR b 3O T, WA Sk bl T A S ERIC B D TR I ARREIC
LD TE—E LTER. MIHHERL S50 7 5 & AFCiROAFKHO BRI T
BOTeDTDH 2, FNTHEH6ILT)H SR 1,600 80 2 b OBkl 2
WL LT M7 vy | BIEHEATUREBHEONTIF LI HRLT-EDN
THAsEEE 8,500 MlITiET 24 OBH 5o LHFTOE KIS #iE RO T A O
BHEE A, SAETCE Ty y | w HUEGEEE X IR LIc b0 b & 5, LEH
ORFEITIRERE & EREF, #EoHiicKs BRMARZ IR Lel# b d 20

(5) 4l # M 13

AR T bl & o BRI RN 2 W IS R O X b KBc & D TfE
BT b0, RERHIC RSS2 b OS8Rl b e s, RBEE LTIRBIMEG b
BB & iz, F LIRS & b TEBT 2 b 03180307, BRER B R X D 1050
a3 HollEr B4 X 2RXHRHE b 2 1FE 2%, b [v=v~15, [Tv—
FlA, v v Yol KB TYF~0 0, b | SEOMESH 2H, THEFZMILL
R EBBERAELTHR T2 L 0T 5, 1907 48 (I 40 45) #EILofHRICE
FARMIH ELTR v e FY 7o | ozt , UEgdmiii & LTRE
IS AR b e, Homd BRI e ic o T eold, BBRWEONETE
RLTEZERYBANB TS O, BELHBCEAMDTI V= ¥— 7 v TV i
FIRH L, R 1918 4 (CKIE 2 48) R TodkiEsBmEic zmp T iy 2 v 4
FMISTIRA LT, M3 L BRIEE 2 il 70T, 1916 £ (KE 4 4) &
O —SRERCA (Y=Y~ FvTal o, 477y I RE #4245, 7] K
FhRM A T R LT LR AT e, JURERIC X B &, FEHO bORIARES
EREBRTEMABERTH B8, Ll 2 ZRIETRES S { L b R
LEHOT, [V =¥ ~] Af—ci@e biie, MO THBREORINCIIMT
Ty =ve] RORNED TR Do IF L—BREE L5 215 1920 42 (KIE 9 46)
BHX DIZFER (=¥ 27 7 ~ ] ZWEMT 2058 E SRS b TR B 137D




6 No. 749

T, SRR AU HRHY 5 25 ICE O,

; (6) mAipEpdaE

PR A B LI oD FEAR RS i o B M B W 3 — T 0% F I X 2 B AR
JIEEDH O B dLfedt, 1906 45 (HRif 89 4F) SWPRIESIICE D 310 TRt ek p e
bz, IHEERBOMEMNI YA L IR L b iiE Ea 0T o
S, LR, fRCRR, [Y > 2 ) SE0 BGHTh RS0 R ICHEMm LEO ML IcEs L
15 LOT, NI BRSO b DT HOfHs, BREMEICH LT¥ L s
PAS b AL, KOl ey c b O D ZA Ll bk wir & ko7
OT, HEREEEOEMNNCIZRETIER O abE L3R Liis b 5% 2 ihd 3pasi v
WL7cbDbdd, 1907 45 (HRE 40 45) FEEGRICHID T [P rey ] BET %
ICEOTH AR b —~BOWH LR, BLOEMMNT, WAL (5> 2 ]
X [T 2BAEDHEMMEL hofe, L [ vy | Sl ICRT 240k O#EHER, i
DA 1 EH A ORE K EE TR T ST OEES L TRES0ER L
MTRROBESIRAE b, M T My =7~ ] XX 9RH L 3Gdadm
TSIRRERKAECTIE T =Y~ s RA L, BRSO E /MG TSRK0miE L b 3k
BERI TR B2 THINE Lieht, IREER Tv e | HCRER T
N ¥y | Tk BhEE SR bR TG %,

FSEDER L RS 30 I TR AR o EE & TRER Lin HKIEAF O/ il 5 228
KEHA L, HAFRNCRBEOMEY BITES LUSEBD (v ~F~] Bl
AoEERICCEEYRAIG2 (V=v~ ] XAxMAL2 043 283, WikRm
AETEE S SR TIERE &% U, FORNTICEREIE UM ITHE R Lt
ZERRIRHE D 2 2 CE Ok, WOMHI KIS L AR 2RMME L, L
OFAT G — TSRS ENE b TE S,

(7)) FEsmMss paeE

— e ORI AT WU R IT & NI S A I BT X D GRS 1T A
YOI Uiz, [ERERRCICIEIEIC Ty 7 v | XOoBRBEEREBEO IO LB 235, KE
FURET S bR RICEDST Z { B RKBEAEE L hor,

[#=Fe77 | & 1913 4 (CKE 2 48) [v—r~—] GikicTEEOEFEITE
I TIHRHE b, HERE (¥ —vw —~e7 ) ~ | S CHEESEED THEED
MR THORBD KICHTFL Liedl, HBHHE0o8Ez 2 Bomraadtic
BAEAKX M| SR BN, 1915 48 CRIE 4 ) £ ToREFENIcE
b iice AR Mo ] R 2EE Y D B2EM (4o =] ek
BIFTCH0ROT, BECES  CAHROER, EEEC EEEb i, Bl
(Y= —e7) — | KICHLTIE, [F -2 ] WARHES L, HEO b OREH
Fhr DEAXBHEPIEH S LRI 7 2 B PO CTED . 1924 42 (KA 13 45) L
HBOBBECEDY, v~ 7] AMEEEEEE AT 20, U [7v ) itk
HEIEO [7— 5] SRS TRITR 2BREE ST 2082,

(8) # &« # &

—fBIT S S O LRI 13 B SRS 3 I SR aC ORA K & 444 L #lilh

S O AT BN CHIBFKIE L 2506 T 2 2 & T 2, fAnBeazEs BBk

(G

(19



(4)

1 L

No. 749 7

W ZIBmmEE 2RI B L, HREiS ok RT3 S e s, 191148
(BRI 44 4F) BEORURESR T TRASMBSE LM HTY, #k Ty~ 2 kKA
NBRHCMFAT 2 b OPRME D e, IRARNBBEERERIES &, Ho%
EHRERD DT, BREGOEZE REECE{EHY R b, BiRE
TIMET 5 & TS i T 2B RS NIRE L ST AT S 2D &, RK
SO AHEER S L 2N D 2 43530  InEEE R ¥ 324 28855 5%,
HOEHEDCRTERS NS LSBT 25068505 20T, FSECE D HoiEm i
BHRRAE S 223 LE SR,

FARMEREMEIEE LT (e v, b v ABHBE L s 1900 485 L hik
—HRT (W~ | REEPESIRAE LI TR, 1918 £ (KE 7 B TOHESR
ERAICE 7~ WKMES 3R Lz, SR EEEHCRTRBEFHCd
285, EHD OGS TR TRERBEERENZ VIR DDk S LTIRSENINZ b
L, LEREZHXOLORRA L, SERAEGHZIE L L Uil 2
HEBBBT ELEEON,

BB AIMEEE L LTl Ty~ =2 v 7 1 | 5%, [=adon] SR
W%Lfﬁﬁﬁbh%f:“ﬁmfé/ff~1Jia@%mmﬁﬁﬁ%$mmmﬂ
B oNBECRATES,

(9) MEhmrhiasE

1996 4ERND THEABDSI & LT SiERICIRIE S it X b ofgic ot
P LU 2RSS IR LR 2, HEHOEANGE (7 5. F 7.~ F ] R4
BRSNS, Wik Ty =v— ] ESAREES e,

i MEE IR R I BB oMKz 20T, Bl 2 E L FRc i
FE72b0TH 24, HEHE 2R 2e AR E Nice TNBERE (AL b S O H
BICHE e 5 A, S OB A BT I I RS A T S T H B,

HEH A EREARIC R 2 T~ v — | RSB EWRCRG 2 (74,0 ¥
=1 AERE T TEEXE A LTS, ™ LTRSS 1 0Bk
LTH7e,

(=¥ ==~ | ERROENRICEET 2R R LTE 2,

(10) % K % &

ZERRORAR T A CH 285, HL LV HEELTr¥—Fer—F— K& TY =
T ISR 6 e, BFLI904 EE L DI Y=Y | XA EICEHE TR
B0 HNROUNTICRHESY N E 0k T, BERRCATEIEOREEZ T L
BREELN, NEDBHCHERE b NIe, TIEFXOBAHSEHYESNT X D 24
HBKRBEIADH Y BET2HICR Y, —~FHBOBALERT 2ECEDR, HIHA
TR ERFOTINER2 ZHICTIRE R 66 MR E Zwv, 2RIkt 400
Mi&7z D, BSEOMEICTE Bk bnr,

LRI S LERATES 5, SERE AR 0 L, EBENE8E Y F
TH2ONEBCTH 545, ERSHMOTLENLEZ0TES, %EﬁmzaLT%
B, WA ECABCEHESNTIES,

G DIRTRF CHERL VEROI LS b OER S Nedt, TR



8 No. 749

IDVRBCR—EED0bOREHELRTES,
(1) # m %% &

RRBEFOBA IR E D N EROTEIRT iy~ L "Frvoe,
NeRZ Vo BB, BREECZ 7,0~ F7 v FlRXBEHEbhTRES. %
TR\ IREIE 2 BRI T 4 1 BRI~ T & L, SUicHimhis
BB L LT, BEPHMEOMC L) THEIT L 2By VT 88 E T, =
BRI BERHEC IR 0 0 R B S eI 1 B 5 b 0% vy
BE LB oM iR 1913 42552 Bl EIC D T b vz, HlstE T~
Tam AT, HBIHERIC T2 32— ) X [~ oo~ | RBRHE b L, Haest
BT 1L LT 72 2 R B 7e, R 1928 4 (AIE 12%) DSORGB b IR
BEMEONTES, —HUT 2 OB Y 2605 LANCHRMEE & L TRt
ORI LM T2 HET 5,

a2y $ & % @&

PEHE R — T B EE U  SRA E DNTE 3, R LR T 2 2% 2
WORGHEN R BIREEOBRHATH 3, WMFR LR 2WEOEILE, MBORES
Z2CRAT 2564, BREEEO FRHICL ) BRSHEOMAT RS LT

B EZLDOBZOT, LRI HEOTMCERARA FH O TR B ERETE S

BRITTH 5,
(13 4 b6 i
1910 4EEH 2 CORBEOHEETRR LR & X JIBRIC L & 1727 HED oI35l
T—RICHEEE b NTI Do (B LEEZBEL Fo/MEICIE DN X U 8T B ikses
NTHRTe SGNARECIE [Frve | SRS IEH LAELO b 25,
HHEREOH B T iZ 458 Manganese Bronze, Nickel Bronze, N,M. Dronze, Monel
Metal, Stone Bronze, Turbadium Bronze #5431 Hl4- & AL72 9%, HRNEb&EERYE
B\ $5 b o1d Manganese Bronze -, 2T & lE Nickel Bronze TH 5, I
2 000R =~ | IKHLTHHECHS , BELRET, BEoEHLHH
CHRDFRESD 5 . ROBMRREEREWICS ) TS RIBEEF TS o7t 4
ey | BREEDZCERATETND P4 ¥ 5.7 ObOAFEATLATES,
(14) BAECihiE % 8 R

B 1 BERETCH S, 1919 F (AE 8 4£) BiEkodi S m B R T
e LTHES S W 7e RO b O T Do LHMEMAMEORE L LTHED
BB Ews, REcERE T2~y ~ | Gilisho T2y e 49— e bh
TIBIFFFE TR Lieo SURZBRHE & LT b WA 2MIIRIERTE 55, ThiEs
HEESRBCECEROO B 22 2\ 55D, FESREL LTHHMRET > 5.,
o] BREZIHATMTRICE YV TEFKOTHLE L 2 T 548, BROME LR
(AR b)) LB L TH 52 & 2 R WA s MEICEET 20T 2, JRIERH
EREORS B BN ONEAHFERRE I SS bieds, |IFEL LTREcR—R
RO TICHE ~ 2 ROBIEL 0T, RIS B LeDTH 2, IFLEAZNK
A B L C RN L A2 AoEhbAT L HET 0T
H5,

a"l" ,}- )

S



(14

‘No. 749 g

2 Tl 1 EERKEEOBETH 5, L AEIFESILSZCEZOEH o
HIMETHOT, HERKCL VErFEORKCHET 28522 LA EF2. [T
FelE bR TR BN T LA 2 EE S O IO TICHE Litbhicz E A EFA0T
D 3o

# 3 IKHTFRIEEEHEAD B2, HEKIPTOE 1931 £ BICHESEIT
FEFarb B L HEORIETHE 5, 10 RN OIFEEKRD 2 HILES 28BS
B\ DBRENTHOT, FF3 N2 HpKE 35,000 MiOMBMOE R =756
EABREICHEEL NG, FZEOBFICL ) TESHDE S5 RS~ HEEY
b BRCTENT 22 &8, BEXOENLOBTHE 5, E NI EROZREE
FHEBEF L CHA LRTHODTH S,

DL SR CR T 2 RE RO S#HEEICO2 T HiEED AEE <720 Tdh
Do FLZEMEG LTHEEAESMMTEE LR bl TELLIL, ~BLTH
HMRE MV B2 LEEREIEHTH 2, DO 1 MFEEICL D THRELS
SNEREBIIEORMEEC L VEELA2NBTH D, 2B LRI 208,
BT L7ebOEZEH [y v vy ) OFE, BEEEEEE OB EEBEEEORY T
Db, SHEFEOMEEHECE ) CRBYOEED 1 Mic i34 T2 hEd
I 70 IHhiciEL, #HESEHEOETFRICOE ILENERELTES 1917 4
(KIE 6 42) 1 TORREL KRR 5,500 MioH Kz 2RI 6 FREAENH DT
WMT R LTSz &1, RIFEOHOET AT 5,

AT e PR s T MO B T X Y THEMEEE R YL, ENEEHED
WL ) THEREEMT , 1l | CHi~HRTREZBROES EETEB20TH S,
B HEEABEWENORRICD ) TIRGELVEY L2 b O b HERRR LS T
BRREENCOE 18 K WlLAhLesd, $BCRATE GREMEHcox 11
Vi LA R D ARIEIC I Do SERK [5° 4 ¥ ] o ESicinfimr 20, %
SR SIS R OB LY, UEBOERE R LD\ 20T, EHZEK
HeloEER LT s A, BE—EBMCAVMCESOTHES TR LV ETFSL
DCTH Do

e PUKRBRE
(L) FEKEER S:heR
IEEIC R 2N KERE A& LT iR SR E LT B B2 b0ThH
5o FRBlIEROBAMEE i BE A B 1904 45 (WliR 3T 4E) KB Electric Boat Co.
X DEE A ZHKE 106 Mo dOT, AMICERIEHEEDCEY 4 % 180 Eiio 4
B\ TH v > B 1 R b, SEAIRIEEICRT B B A Ko
STh B
REETOESE 6 LEE T BB ICRTHEEONZDOT, RKE New
Jerey Stondard Motor Co. B8O 6 5 300 [BEho 4 &L [H v Y+ ] Hbi 1
BEEFE b e, 1907 45 (G 40 4B) ICILEEE 16 & 600 IBho Vickers jit
4@ T Y~ ) e | BEGT 2080 1 AF 2 HKESEIEbk, &
WO 12 B0 b ORFABRELRICH TEEE bl THREICRG %Kik



10 No. 749

FHWEIEORTO b OTH 5,

1910 48 (URiE 48 4F) (Ci3feB] New Jercy Standard Motor Co. X D EETE 6 &
1000 Eho 4 @Ko [ v | Bl iEA L, JIIRSENSIIC THEEO BRI
KRBT b e,

HiAs 1917 42 (KIE 6 4E) IKE VDT 594 ¥ B3+ 3 450 Widh
17 GiOWAKEDET Lic, B HPE Schneider fHlICTEEE L, THEWIESL
8 & 2 & 1,000 EHod T, MM 2 SiEfebhe AWML LT
AMEEH LedoT 1918 £HEBE LT 1 £48%E 6k,

1T 42 KIE 6 48) LD 192048 (RIEV4E) 2 TO ICHEITLELNZRAEE 1
o5 2, 85 8, iF 4 FEE 5 HokiEcIEME Fiat fho@E:z 6 § 1,0 EHo IF4¥
U] RS 2 SR S de, ABMIEEE L LTY T EnSENEL O
T Fiat it ZIESERRICA TS h, LBH ORRE2NT, £SEHE
iR EiEc s we b kds, 40 OB S RFIRRECE 6RO TH Ok,

H T E IR b N 73 Sulzer it 2 WL REEAHERXOLOTH %,
IR FREIC R TR b 2T EHEE b L, EOERIR LTSRN~ B AL
OTHRE T EEECHE L, WIo Scineider, Fiat, B Sulzer = bfMiLd 2
WRXTHOT, & LTkobsrcTiEzhess, 4 Eo bo bR L TR
Fbife, BIb Vickers fite 4 @l E s E AL Rauselenbah jito 4 @R
BERHHETH 5, M LT Sulser 300 b oE¥EE Lol FEEIMCRTEEL,
Vickers 5|3 Z 2358 T AT, 2 Rauschenbach 23 § O3 3 T IR FICHRT
ke s nTES,

EKEORASEIG R ENEN VR ELZ2bDELBELEL S\ CEORDT, #
. BoBELE L @ik LT, Bk 3 o [F4 80 ] B S Ho2EHE
ENTE SO L RiTMEe L, LECELTH ~R 28RN K2, &8
CRTEE 2ES 5 B 2 TlET &I,

HHONEAEAT 2o, foFRENCENT 2 M8 LR EXNE L 5 L iIcE
Dl REECOE TG EEER LICHi~ OWFTEN, HERCH LTHEBO
SR ELASHE & 7z,

(2) WHKEEAEGT DL YK R

RGBT R TR OB T (54 €0 | BRSTRHESiikeold, 1912
S (RENE) BEERUAB S5 N7z Sulzer fll 2 & 86 300 EHOR
RES AT D TER L T2, HCH 1913 FEFENROKH IS - LT Bur-
meister and wain 8o 4 @EEE 500 BHREEHAOLD 2 ZEEH Lz,
AL Fottinger AUKBSEEERICL VT (Z e | @it -k b o
THdW, HEBEZNr T LT [F4 ¥ 0] Habko I3 s o ok L LT
e bffe, itk Sulzer Lo 2 HAMBIEIRE 600 FEAO [F4 ¥ 0] fibg 2=
R BN L THEO BRI e, FHIC L R RBHERD 4 ML Ego
150 50 5% 260 571 o i 4505 3 BOht 2 il o B 51 Lz,

[H Y Y~ | B30T 2SR TG 1912 £ L b @ik 2 B HsE 2 iz ds,
MRETH Y Y o~ | ICRABICHMEEN T2 b Olced bz,

N

e



)

(14

No. 749 11

CALB. & LTimbd 2 250A KEEE Mo A X DA b 2 8 TE
D, ILSEORTMEIC T [ ¥ V) v ) #3829 5 4L Thornyeroft 5{; Meibach {45
PRI L LTS 5o
o —HABARBORERICNKBIILHWS T 2% 1912 E8 X DI E Dk FLOFIW
Tz 16 = 25 KW, o [t 3574 En | B REEoieds, [F4E0] #
BOBECHMBECR TR 4B LB ICHE LT 300 KW, fizco [F4 ¥
| BB BTG B,

WEHITHNT 2 A KSR O3 IR K NE_FRE o fnZ figkc, —Huah] 54 €] #b
OEGEEMET, MECEVKEEN Tk % 5 FRBEFER & LT & ~ Lo EHTEE 5
BRELNDOP S,

e T XD B B o KR BT A T KD B, &
PRIFEEHER 3 JEERO 1 L0, ZE50REHICHT b AKBEICH T b FI5RE
FEREE U2 CE 2R LEFL20TH 3, 2k s LTERDE RE A
OWHLEFAORPT B LIEF~ L~ TR TIZS B ITE 2k O MR X

DZFP2HI 5 2408, ROy s LTk 2B EONMICESED TR
A0 EETALOTH 2, ZICHLEBCELOYPELRT2IOTH D,
()



Descriptions of some Life-Saving Devices for Crews
of Submarine Boats in the Imperial
Japanese Navy.

(Paper No. 769)

By R. Hodzumi, ('onstructor Captain, 1. J. N.

Abstract,

By aceidents of submarine hoats, the navies of the world have lost
in time of peace, hundreds of picked officers and sailors. In almost all
eages, reseues were not in time to save the erew entrapped alive in the
deep sea.

In suecessive disasters of our submarine hoats Nos. 70 (1922) and
43 (1923), in spite of every possible effort of divers, it was found im-
possible to save the entrapped crew from a depth of about 30 fathoms.

Through those bitter experiences, we lenrned that salvage devices
prepared before that period had been far from being perfeet to meet the
aim of life-saving.

To improve these defeets, naval constructors in co-operation with
some experts in salvage work, investigauted the following items:—

(s )

I. Deep-sea diving.

II. Locating the sunken hoat,

ITI.  Communication with the boaf.

IV. Preservation of the lives of the crew.
V. Eseape of the erew.

VI. Hauling up the boat.

Those problems heing now nearly solved, the Naval Department
anthorvized me to diselase the vesults of investigations on these items, to
the members of the World Engineering Congress, for the welfare of crew
in submarine service of all navies,

I. Improvement on the Deep Sea Diving Method.

Deep sea diving of common practice, with air supply from hand pump,
is very inconvenient and sometimes rather dangerous. Below a depth of 20
fathoms usually two sets of pumps ave connected tandem to keep the high
pressure of supply air; but even with the utmost effort of several groups of
pumpers working alternately, the air supply is not sufficient. Air heated
by eompression and fouled by the smell of lubricating oil is very disagreeable
to divers.

Under sneh bad conditions, divers get rapidly tired, and it is impos-
sible for them to stay more than 15 minutes at a depth of 30 fathoms.

When the sea ig not ealm, the pump barge will naturally be rolled more
or less, and it is hopeless to keep the necessary pressure for the diver. In
consequence a steady platform is required in order to work the pump
efficiently.
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After we experienced such troubles in case of our two accidents, we
decided to adopt the ‘‘Compressed air system’’ for deep sea diving. In
this system air pumps are replaced by high pressure air chambers as shown
in Figs. I and IL.

The merits of this new system are remarkable. Divers are supplied
with an ample quantity of fresh air, cooled automatically by expansion at a
reducing valve. Only one man is required at the reducing valve hoard in
stead of many pumpers, and the rolling of the barge in no way affect the
efficiency of the system. '

With this novel method designed by Constructor Commander T. Hata,
LJ.N. our experienced diver, after some period of training, achieved to
dive 50 fathoms in an ordinary diving dress, and could stay there about 10
minutes, .

The method of ‘‘Scientific Diving’’. or the rate of stepped ascending
from the bottom of the sea was carefully studied. and the standard time of
stop at every stage was fixed as shown in Table 1.

All precautions for the safety of divers are taken, and ‘‘Decompression
Chambers’’ are always in readiness to set on the salvage ships.

Two sets of ‘‘Deep sea diving apparatus’ of the Neufeldt und Kuhnke
system were recently purchased from Germany. In ease of aceident, officers
in charge of salvage work are expected to dive and to inspect the damages,
so that the proper instructions may be given to lead the diver’s work.

IT. Locating the Sunken Boat.
The first step of submarine boat salvage work is to locate guickly the
spot of accident.
In our submarine hoats, following arrangements are prepared for that
purpose,

(a) Indicator buoys.

Two indicator buoys are stored in the superstructure, one is set free
from the fore end compartment, and the other from the aft end compart-
ment of the boat. Xach buoy is equipped with a telephone connection and
a pilot light, and also a eard for writing messages is attached on the top of
the buoy with the name of the boat.

(b) Fuel oil discharge pipes.

Several discharge pipes of small diameter, with stop valves inside the
boat are arranged from a fuel oil tank to the deck. In the case of accident,
a small quantity of fuel oil discharged at regular intervals, will make distinet
spots of oil film on the sea-surface; and those spots carried by current will
help to trace the position of the boat as a gunide. This method proves to
be the best for aeroplane seouting.

(»
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(¢) Message discharge tube.

Several tubes about 6 inches in diameter, with a similar construetion
to torpedo tubes, are fitted vertically in the superstructure or on the top
of the eonning tower as shown in Fig. T11.

Many small metal cases, strong enough to resist the deep sea pressure,
will be discharged from the tube by compressed air with messages enclosed
in them. Those cases floated to the surface are distributed in some area so
that they may probably cateh a lucky chance of being found by passing
steamers.

When sound of propeller is detected, a Holmes light tube will be shot
to indicate the position of the boat.

In one oceasion a carrier pigeon was tried in a speecial tube so arranged
as to float after a while, then the cover will be automatically opened and
simultaneously a piston pushes the pigeon out of the tube. The idea was
tentatively realized but was found very difficult to improve the detail design,
as the pigeon did not start to fly freely after it had been enclosed several
minutes in a narrow tube. (Fig. IV.)

I1I. Communication with the Boat.

Besides by the ordinary means of submarine signal and telephone buoy.
above mentioned, a ‘‘Message discharge tube’ is found to be a umique
promissing method of communication when those delicate apparatus are
out of order.

The upper end cover of the tube can be opened from the outside of
the boat by a diver. A pressure-ticht tube used as an envelope and letters
may be exchanged between the submarine boat and the salvage ship. (Fig.

111.)

IV. Preservation of the Lives of Crew.

A well-known method of air and liquid food supply through flexible
pipes, connected by divers, is also adopted in our submarine boats, however
a special care is taken in arranging the pipe connections and valve handles.

They are gathered on the walls of the bridge structure under the red
and green lamps. so that divers may easily locate the position in the dark
bottom of the sea. Another consideration is payed to seleet the position of
those gears fo allow the diver’s work keeping their helmets upright. In a
deep sea it is very diffieult for the divers to bend over on deck, i.e., to work
with their helmets inelined. -

Here the message discharge tubes arve again utilized to pass some food
and medicine, or small tools and materials required by the enclosed crew.

Bvery boat is provided with an arrangement of regenerating fresh air,
and when the ventilation system is out of order, it is so devised that each
crew could breathe throngh a soda box, applying a special mouth piece to it.
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V. Escape of Crew.
If there is no hope of quick lifting a sunken submarine, the only method
of life-saving is the measure to let the crew escape out of the boat.

Escape trunk.

In the modern submarine of our navy, every hateh makes an escape
trunk; especially the fore and aft hatches are of the form of dome, and large
enough to allow four men stand inside. HEach escape trunk has, at the top
and bottom, water-tight covers, and forms a lock.

To escape out of the boat, the erew put on special life-jackets and place
them inside the locks. Keeping top and bottem covers tightly closed, water
is slowly let in through a cock, then the air in the lock will be gradually
compressed until the pressures inside and outside are balanced. Then the
top cover is slowly opened and the erew get out of the boat.

The top cover is then closed by divers and the water inside of the lock
is blown out by compressed air, the next group repeat the same method
of eseape.

This method is easy to explain but very hard to perform, and a good
deal of practice in a training tank is necessary for the submarine crew.

Escupe suit.

1. Life-jacket of ‘‘ Driger’’ type.

In our navy several jackets of this type were bought from Germany.
The result of experiments were excellent, but even in the improved type, the
size and weight are too much to store the jackets for all hands of a boat.

2. The “‘Lungs.”’

Some of this type were quite recently bought from the United States
of America; and we arve now preparing to try them. Simple construction
and small weight are the merits of this type, and if the result of the trial
is so good as it is published, it will be applicable for the praectical use in the
submarine boat.

3. Japanese “‘Mask.”’

The fact that simple masks of Japanese eivil divers ave very efficient
for deep sea diving, has been testified by the salvage works of Mr. Y.
Kataolka, in the Mediterranean. Ile aceomplished to lift many cases con-
taining gold imgots from the held of the Yasakamaru, a passenger boat
sunken by a certain German submarine boat.

Adopting the principle of fthose masks, an assistant engineer in the
Naseho Dock Yord designed an escape mask and the vesult of ity trial was
very satisfactory.

Diving bell,

The escape trunk, combined with an escape jacket or a mask, will

(4
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probably make the individual escape possible; but it is found impossible
that, all ecrew who are almost exhausted under trying conditions in an
unfortunate submarine, may rise safely to the surface.

To take in those crew just affer they have got out of the escape trunks,
T have proposed a diving bell as shown in Fig. V. The bell is of light con-
struction, and may be lowered from the deck to the sea-surface by means
of an ordinary derrick of ship. Then the bell is ballasted just to reserve a
little buoyancy.

After the air pipes and electric wires are connected, the hell will be
pulled down by two wire ropes towards the escape trunk of the sunken
boat. The wire ropes, passing the rollers on deck of submarine boat, will
he wound by deck winches on the salvage ship.

Air is constantly supplied from compressed air bottles, and adjusted
to keep the inside pressure a little higher than the corresponding water
pressure. When some of erew from the submarine are received in the bell,
it will be hauled up slowly to the surface.

It was often proposed to lower the pressure of the resisting bell and fix
the lower end flange on the hateh submarine; but water-tight work with
many bolts and nuts in the deep sea is not an easy matter, and it will take
long time to attach and detach the connection. Also the pressure-tight bell
will be too heavy to handle with an ordinary cargo derrick.

VI. Hauling up of the Boat.

A deviee was proposed by Constructor Admiral J. Fukui, LJ.N.,
expert of salvage work in our navy, to haul up a sunken submarine boat
quickly above water. The principle of this novel idea is to use an ex-serviee
submarine boat as a counter weight of hauling to prevent the heeling of the
salvage ship and to economize the power of lifting gear. PFurther, this
device will easily be applied to any ship of ordinary size by a simple altera-
tion with a small expense.

The proposal was at once taken up by the Naval Department, and an
order was viven to the Doek Yard of Yokosuka to try this deviece on the
Asahi with a temporary arrangement, The Asahi is an old battle ship of
15,000 Tons, disarmed in compliance with the treaty of Washington Con-
ference,

General design and details were studied by the construetors of the Dock
Yard and the trial was completed with all expected results of the system.

The Asahi was then removed to the Dock Yard of Kure, where she was
equipped as a salvage ship of submarine boat, with all improvements found
necessary in the preliminary trial.

In June 1929, an official trial was condueted at a spot near Miyajima
and on that oceasion the Naval Attaches of all nations were invited to inspect
the experiment. Every detail of design and work was openly explained to
them,
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The result of the trial was quite satisfactory, and following items are
the principal records.

1. Weight of sunken submarine. .. .500 Tons in water.
2. Depth of water....30 fathoms at high tide.
3. Time required
a. to moor the Asahi in position ...........oooon.. .. 2 hours.
b. to bring allongside and to secure the ecounter-weight
Boat: | el sunsnara sy R e R SO DL 1 1 hour.
e. to complete the wire connection with the sunlken
SOBIAEIE oo sauimle i s 5% 5 s 1.5 hour.
d. to adjust the weight of the counter-weight hoat. . . ... 1 hour.
e: to haul up tlie sunken Boat .. .os.eivenesinios i, 1 hour.
Total: unsusmesg R i e 6.5 hours.

Space is limited here to describe all the details of process, however,
Figs. VI~ VIII will give the general idea about the arrangements and
mechanisms of the whole system.

Conclusion.

It is impossible to find “‘a master key’’ to the difficult problem of

“Life-saving of submarine crew in the deep sea.”” We have to contribe
suitable devices to meet different conditions.

The devices deseribed in this paper may not surely be sufficient to meet
all kinds of mishaps, yet we must always bear in mind that safety devices:
must not greatly influence the efficiency of active service; as all officers.
and sailors in submarine serviece persistently object to add anything that
may sacrifice the fighting value of their boat.

Taking this opportunity, I ask the congress which composed of the
leading members of all branches of the engineering profession to co-operate
with us for the improvement of this subject in the cause of humanity.
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Pressure Distribution over the Surface of a Ship
and its Effect on Resistance.

(Paper No. 789)

By Seinen Yokota, Kg., KII.,
Professor of Tokyo Imperial University, .-
Takezo Yamamoto, Kg., KI1.,
Professor of Tokyo Imperial University,
Atsumu Shigemitsu, Kg., KH.,
Erpert of the Department of Communication,
Sakuichi Togino,
Eaxpert of the Depm tment of (‘mmsmnaca?wn

This paper is the report of the experiments condueted by us, about the
pressure distribution and the total resistance of a ship.

The object is to find out the resistance due to the former, to investigate
its relation with the latter, and finally to obtain a fundamental conception
for the improvement of the ship’s form.

The Course before Beginning the Experiments.

The plan of the experiments to be condueted was earefully thought out
during the 13th year of Taisho, As a first step, an apparatus for measuring
the pressure was designed and fitted to a motor boat. The result of its
repeated preliminary tests was promising.

On February of the mext year, a peeuniary support offered by Kondo
Kinen Kaiji Zaidan prompted the carrying out of the experiments, and on
the beginning of April the following procedure was agreed upon and the
necessary preparations began,

(1) The experimental ship is to be a steamboat borrowed from our Navy.

(2) The pressure measuring apparatus used in the preliminary tests

is to be adopted with necessary modifications.

(3) The total resistance is to be determined by measuring the thrust

of the propeller. f
(4) The experiments are to be earried out both with her own prope]lc"
and an aero-propeller. 3 ;
() The place of the experiments is to be Arakawa Hosuiro, where the
depth of water is almost constant and disturbances from ceunr-
rents and waves are small. Were

The L‘(I)t'l'l]ll(_nfal Boat.

The boat was a small steel steamer, decayed with age, corrosion of 111&
outside plating pronounced, and with indentations at several places. But,
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after close examination, it was finally decided to use her for the purpose, and
the execution of the following modifications was entrusted to Yokosuka Navy
Yard officials and there completed.

(1) The bilge keels are to be taken away.

(2) The indentations and the seams and the lap butts of the outside
plating are to be ecarefully faired with putty or other stuffing
materials, and the whole surface to be finished as smoothly as
possible.

(3) Pressure measuring holes are to be bored at the appointed places.

In places at both ends of the boat, where the borings of the holes
are difficult, the outside of the steel plating is to be sheathed
with wood; the measuring holes to be worked therein and led
with copper pipes to positions above the water line,

(4) Rudder post and rudder are to be sheathed with wood ; the measur-
ing holes to be provided at the allotted places and led to the
above water positions with copper pipes.

The form of the hull and the principal dimensions after the modifica-

tions are gshown in Fig. 1.

Measurement of the Pressure.

The number of the measuring holes on the surface of the hoat totals
289, and, as in Fig. 1, almost all of them are arranged symmetrically with
regard to the cenfre line plane. This symmetrical arrangement simplifies
the process of obtaining the mean values of the pressures on both sides of
the boat.

Along the centre line of the stem, the propeller post, &e., holes are
provided, but none along the under side of the keel.

The diameter of the measuring hole is 1 m/m throughout, and all holes
are bored normally to the outside surface. In these places, the surface
was faired with special care,

Referring to Fig. 2, the measuring hole A is connected through the
rubber tube D with the glass bottle B, which is placed directly above it
and above water level. The glass bottle B and the glass tube C, of which
the lafter acts as the pressure indicator, are connected with the rubber
tube E.

‘When the air in the bottle B is sucked out through the pipe T, water
rises into it, and its level may be kept higher than that in the tube C and
that at the outside of the boat, by closing the pipe F.

The bottle B is purposely placed directly above the hole A, to let the
air bubbles, which during a run might enter through the hole A and cause
a false reading at the indiecator C, rise and aceumulate in it. Also the
tube D is, for the same reason, fitted possibly straight and vertically, to
avoid the air bubbles from lodging in it.

The groups of the pressure indicators as C were arranged in the forward

L8 Y,

¢




No. 789 3

cabin under the deck, but the height of the room was too low for the
measurement of high pressures. For such holes, U-tube indicators as shown
in Fig. 3 were used. The rubber tube E is connected with the bottle H,
and the water level in I coineides with that on the outside of the boat,
when the tube J is left open. When the air space in the bottle H is con-
nected with the U-tube indicator K through the rubber tube I and when
the tube J is closed, the change of pressure at the point A may be measured
by the change of level at the indicator K, the correction due to the com-
pressibility of air being slight and negligible in the present case.

The most difficult task during the preparation was the exclusion of
air bubbles which adhered obstinately on the inside of almost all the water
tubes. Each rubber tube was carefully washed by connecting its one end
‘with a eity-water cock and left running for several hours. Then it was
brought into its place and carefully connected. But, some of them were
very long and ranged from stern to bow, and others suffered unavoidable
bendings,

When the connections were made, the water levels in the group of
indicators would by no means coineide with the outside water level; each
indicator showed its reading in its own way and quite at random.

After trying several methods of excluding the air bubbles which oe-
curred to us, and after spending nearly three months, we succeeded at last
in the complete expulsion of the formidable enemy.

Fig. 4 is a photograph of indicators taken during the experiments,
and shows the coincidence of the initial readings conclusively.

The water levels in the indicators, which lie in a straight line as long
as the ship stands still, begin to move as she gathers speed and settle down
at definite positions when her speed reaches a steady state, as in Figs. 5
and 6.

By reading the height of the water column of each indicator from
these photographs, the water pressure at the corresponding hole may be
determined.

Measurement of the Speed of the Boat.

The speed of the hoat was measured by connecting the Pitot-tube in
Fig. 7 with a U-tube, as shown in Fig. 8.

The relation between the speed and the Pitot-tube reading was deter-
mined experimentally at Arakawa Hosniro on the 26th of December, in the
14th year of Taishd.

A distance of 100 metres was run up and down with her marine pro-
peller, and the corresponding time and the Pitot-tube reading were measured.
The draught of the boat was about 120 ¢/m, both forward and aft.

The result obtained by analysing the measurements is shown in Fig. 9.
With this diagram, the relative speed of the boat and the surrounding
water may be read off from the Pitot-tube reading.
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Measurement of the Thrust of the Aero-propeller.

The diameter of the aero-propeller nsed in the experiment is 2.5 metres
and its piteh 1.00 metre. It is directly coupled to a 100 HP aero-enginé,
which is fixed on a thrust measuring stand. This stand is, in turn, fixed on
a rigid wooden frame-work built upon the after part of the deck, as shown
in Fig. 10.

The thrust measuring stand, specially designed for the present purpose,
is of cast iron and its side view is rectangular. The base (D is fixed, but
the other three sides, being hinged at their corners, are movable.

When the propeller is rotating, its thrust pushes the upper side AB
toward the fixed point E, and actuates a dynamometer fitted between them.
A damper and its counter weight are provided to obviate disturbing vibra-
tions. _

The result of calibration of the dynamometer, made with statical loads,
are shown in Fig. 11. The thrusts of the propeller were read off with this
diagram from the dial indiecator readings. '

Meagurement of the Thrust of the Marine Propeller.

The diameter of the marine propeller is 0.953 metre and its piteh 1.276
metres. The intermediate shaft between the engine and the tail shaft was
replaced by a thrust-meter speeially designed for the present experiments.
Refer Figs, 12 and 13.

The new intermediate shaft consists of two parts, front and rear. The
front shaft has collars which fit the thrust bloek of the hoat. Its forward
end is directly coupled with the ecrank shaft; its aft end is fork shaped and
supported by a shaft bearing. The fork transmits the turning moment
of the engine to the rear shaft. o

The rear shaft is rigidly coupled with the tail shaft. The forward part
of the rear shaft is supported with a ball bearing, which is, in turn, mounted
on a special bed and is free to move 4 m/m either way from its normal posi-
tion in the forward and aft directions.

Two springs on both sides of the shaft and parallel to it connect the
ball bearing and two movable serews at their rear ends. The motion of the
serews 18 actuated by a handle through two worms and worm wheels; the
hoss of each wheel forms a stationary nut and acts to shift the serew in the
fore and aft direction. When the screws are moved aft, the tension of the
springs balances the thrust of the propeller, and the ball bearing is in a
floating state at its normal position.

The elongation of the springs in this state is measured and their cor-
responding tension gives the amount of the thrust.

The foremost part of the rear shaft is also fork shaped and is coupled
with the fork of the front shaft, and, between their faces of contact, rollers

v
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are provided to allow a slight motion of the shaft in the forward and aft

directions.

The calibration of the thrust-meter was effected by substituting for
the thrust the standard weights, the shaft being rotated all the Wh]le The
result of the calibration is shown in Fig. 14,

The Experiments.
The experiments were carried out at Arakawa Hosuiro on December
in the 14th year of Taishé. The date, the depth of water, the draught, &e.
are as follow: : :

| Draught :
(Both forwavd Depth Temper. | Density
Date| Mode of Propulsion | and aft) of of of

Before After |  Water Water Water

NN | experim. experini. (R D
: m | m m m ]

27th | With marine prop. 1.223 1.212 3.90 to 4.20 6°C 1.0008

20th | With aero-prop. 1200 ] == 3.38 7.5C | 10005 .

During the experiments with the marine propeller, the aero-engine and
the aero-propeller were not removed. But, for the experiments with the
aero-propeller, the marine propeller was taken away.

Throughout the whole experiments, care was taken to keep the boat on
even keel and at mo transverse inclination. For this purpose, a selected
staff devoted themselves to the adjustments, guided by two clinometers one
indicating the longitudinal and the other the transverse inclination.

The wave form during the run was photographed with a kinematograph
from another ship running parallel with the experimental boat. But it
was found afterwards that the wave form thus photographed was the
projection on the boat’s side of the highest points of tlie waves as seen
from the position of the kinematograph, and not the actual form of profile
along her side.

As will be observed later in this report, the wave form.plays a
predominant part in dedueing the value of the resistance, and it iy absolutely
necessary to have its aceurate data for each experiment. In default of
better means, it was decided to make tank experiments to obtain the neces-
sary informations from a model and adopt them as these of the experimental
boat.

‘During the two days, we made 32 runs and every time recorded the
speed, the thrust and the pressure distribution, with methods before men-
tioned. !
On the second dax when the experiments were neéarly finished, we
struck on a sunken boat, completely concealed under water and perfeetly
invisible. Our boat sprang a leak and wag filling fast, compelling us to eut
short the experiments and hurry up to a place of safety:
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The relation between the speed and the thrust derived from the present
experiments is shown diagramatically in Figs. 15 and 16.

The Model Experiments.

A model of the experimental boat was at first tested at Nagasaki Ship-
building Yard of Mitsubishi Company. When the measurement of the wave
profile became necessary, another test was carried out at the experimental
tank belonging to the Department of Communication.

The establishment, being newly founded, had at the time its building
barely finished and was in the stage of fitting up and equipping. But, in
view of the pressing desire to complete our experiments, the remaining
work was hurried with all speed. Thus, the model hull and the model
propeller for our experimental boat are the very first ones executed in the
establishment,.

The experiments executed at the government tank ave as follow:

The scale of the model hull and the model propeller is one third. As
shown in Fig. 17, the hull is fitted with the keel, the rudder, the fender,
the Pitot-tube in front of the stem, and is provided with a propeller dynamo-
meter for self propulsion.

The object of the experiments is to measure the wave profile along the
side of the model, when towed and when self propelled. The experiments
were finished on the beginning of September, this year.

In the towing experiments, the model propeller was removed. Through-
out the whole experiment, a suitable trim was given to the model hefore a
run, so that it might keep its keel horizontal during the run.

The result of the measurement is given in Fig. 18.

Analysis of the Experimental Results.

As described above, the present experiments may be grouped into those
by the aero-propeller and those by the marine propeller. In the model
experiments, the former corresponds to the towing, and the latter to the
self-propelling tests,

As the mode of analysis is quite the same in the two cases, we shall
deseribe it mainly with regard to the former and add remarks proper to
the latter.

(1) Measured Pressures.

The relation between the reading of a pressure indicator and the. cor-
responding pressure which aets upon the ship is as shown in Fig. 19. APB
is a transverse section of the boat and P a measuring hole. C is the water
level when she is standing still on her even keel. The water pressure po,
in this case, is the straight line CE when plotted with the vertical line
AD as the base. This corresponds to the case when the water eolumns of
all indieators in Fig. 4 .maintain a constant height.

‘When she is running, p, becomes changed into p, as shown in Figs. 5
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and 6. If we plot p on the diagram in Fig. 19, we get the curve FG, G
being the water surface when running. The reading from the photograph
is QR=p—p,, the difference between the dynamic and the static pressure.

Table I is the tabulated list of the measured pressures.

(2) Adjustment of the measured pressures.

The positions of the measuring holes were, as far as practicable, selected
at the intersecting points of water lines and square stations. There were
some, however, where the borings were impossible from the point of
construetion. 17wty

Among the holes, also, there were some, which, owing to subsequent
obstructions, would not show their pressures.

In order to deduce the pressures at these positions, the measmed values
in Table I were plotted in terms of the girth of each transverse section,
and a fair curve drawn through the spots. Fig. 20 is an example of this
process. '

The forward ecabin, where the pressure indicators were equipped,
was narrow and a simultaneous photographing'of all the indicators was
utterly impossible. We were obliged, thus, to divide the whole indicators
into four groups and to photograph them suceessively one after the other,
during a single run. F '

The unavoeidable fluctuations of the qpeed during this interval demanded
a graphical interpolation of the pressure of each hole, in order to deduce
it to the basis of a constant common speed. Fig. 21 shows a few examples
of the process, the square of the speed being conveniently used for the base.

(3) Deduetion of the pressure near the water surface.

"The draught of the experimental boat was about 122 ¢/m in still water,
but when she was running, the water surface took Wavy form, and some
of the upper holes emerged out of the water. When once emerged, the
holes would no longer give correct indications in the succeeding experiments,
even if they remained submerged. The correct indications of the pressures
were, thus, practically limited to the holes under the 100 ¢/m water line.

Henece, the necessity of deduecing the pressure 11_eéz_r the water line
arose.  In Fig. 19, the curve FG must be fair and continunous. Its lower
part is determined by the measured pressures, while its upper end G is
given by the wave profile. Consequently, if we prolong the lower part
of the curve up to the point G, we will be able to deduce the intermediate
pressures without mueh error.

Fig. 22 shows some examples of the curves thus drawn. The correct-
ness of the above deduction may further be ascertained by examining the
case where the point & is low and falls in a fair curve with the measured
points quite near by.

(4) Distribution of pressure.

Denoting the speed of the boat in metres per second by V, the pressures
corresponding to the four values of
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W28 9,7 ad 'Yy
as determined by the methods (2) and (3), arve given in Table II.

As an example, the longitudinal distribution of pressure under the
100 ¢/m water line is shown in Fig. 23

(5) Determination of the resistance due to the pressure.

The resultant of p, in the forward and aft direction of the boat is
evidently zero. Hence we get the resistance due to the pressure by finding
the resultant of p—py in the same direction. i

If dA denotes an elementary surface of the boat, the effective pressure
acting on this element is (p—p,) dA and is normal to it. Tts component
in the longitudinal direction is

(p—po) dA. cos @,

where g is the angle between the normal to the element dA and the longi-
tudinal direction. But, dA. cos gis the projection of dA on the body plan
of the boat. Now, imagine a fietive surface above the body plan, which
passes through the upper ends of the perpendiculars, ereeted on the plan at
the measuring points and of lengths equal to the eorresponding values of
p—po. Then, the volume bounded hy this surface on the forward body
plan diminished by that on the aft gives the resistance due to the pressure,

The cases selected in Fig. 24 ave for the water lines of 80 and 125 ¢/m
draughts and V2=7. Curves in full lines ave the values of p—p, for
the forward body and those in dotted lines are for the aft body, both in
terms of the distance of the measuring point from the centre line plane.

The relation of the area between the full and the dotted curves and the

draught is shown in Fig. 25.

The resistance due to the pressure, or the form resistance, which iy
nothing other than the area of the above eurve, is shown in Fig. 15, on
the base of V= _

(6) The experimental results with the marine propeller.

The method of analysis is quite similar with that above deseribed, but
in this case the result for V?=3 is not caleulated. The experimental boat
was unfit to maintain suech low speed with her engine.

List of Tables and Drawings, showing the correspondence between the
two kinds of the experiments.

FExperiments with Experiments with
the aero-propeller the marine propeller
Table T + Table III
Fig. 20 , Fig. 26
Fig. 21 Tig. 27
Table IT Table TV
Fig. 23 Fig. 28
Fig. 24 Fig, 20
Fig. 25 Fig. 30

Fig. 15 Fig. 16
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Considerations. on the Experimental Results.

As mentioned before, the experiments were forced to teriminate abruptly
by an accident. But they provide useful and important materials for-the
greater part of our object. '

Measuring holes were not provided along the sixth square station (mark
J). This omission was unavoidable on account of the boiler extending from
side to side of the ship and no space for fittings.

The omission may throw a shade on the determination of the resistance,
but the station being situated close by the midship seetion, errors in the
deduced values of the pressures along this station would have small or no
effect on the determination.

Moreover, the displacement, calculated by using the vertieal component
of the deduced pressures at the above station, agreed within a few millimetres
of draught, in the case of the aero-propeller.

The displacement similarly caleulated for the case of the marine pro-
peller showed a difference of about 12 millimeires, but as the change of
draught caused by the fuel consumption amounted to 11 millimetres, the
agreement was again: fully within the experimental errors.

As the vertical eomponent of pressures at the station under considera-
tion greatly influences the value of the displacement, the caleulation is a
very severe check on the validity of the deduced values. Yet, as mentioned
above, the agreement is quite satisfactory, so that we may safely use the
deduced values for the estimation of the resistance.

If we compare the wave form in Fig. 18 with the pressure distribution
in Figs. 23 and 28, the similarity of the general form may be noticed, up
to a tolerable depth. But if we compare this with a pressure distribution
of an airship, some differences are recognized. This shows the importance
of considering the surface disturbance of a ship, which moves on the surface
of water, apart from that which travels within a medium, as an airship or
a submarine. In the region near the keel, both have a common tendency.

The curves in Figs. 25 and 30 are wavy. The hollow about the 20 ¢/m
dranght is caused by low pressure at MNOP in Figs. 23 and 28, agreeing
with the generally aceepted idea of the concentration of stream lines at
that part.

The humps and the hollows of the upper half are mainly caused.by the
waves. The area of this part oceupies a substancial part of the whole area,
and shows the important influence of the waves upon the resistance. The
increase of the influence with the speed is, also, clearly noticeable,

The upper end of each curve coineides with the highest point of the
wave profile at the how, and the top of the hump is a little lower than the
highest point of the stern wave. This hump shows that the elevation of
the water surface at the bow more than cancels the good effect of the eleva-
tion at the stern, and goes on to increase the resistance.
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If we were able to diminish the elevation at the bow, the resistance
would be considerably diminished. In other words, this fact shows the
possibility of diminishing the resistance by a suitable improvement of the
bow form.

The general tendency in the pressure distribution for the two kinds
of propulsion is similar, and in particular agrees well at the bow. But, a
definite difference exists at the stern where the action of the marine propeller
has influence. This is so-called suction phenomena, and is a cause of the
inerease of resistance.

This increase of resistance may be seen by comparing Figs. 25 and 30.
The ordinates in Fig. 30 is larger than in the other; except in the vieinity
of the 130 ¢/m draught.

By comparing the form resistances in Figs. 15 and 16, we get,

TABLE A.
V2 [ 3 7 a |
| |
; ! kg kg | kg
Fig. 16 (marine) 47.6 79.4 138.0 a
Registance due to pressure =
Fig. 15 (aero-) 28.1 48.4 86.1 B
Difference of resistance due to pressure... | 19.5 31.0 51.9 [
BT =5ib e pDraE T
Above difference in percentage of rvesist- % % A
d > | 41.0 39.0 37.6 d
anece in the first vow (marine) ........ |

The above is the increase of resistance caused by the suction phenomena.

The inerease of the total resistance due to the suction effect may be
deduced by comparing the thrusts of the propellers in Figs. 15 and 16,
as follows:

TABLE B.

vz 5 T I 9
| 1
kg kg kg
Thrust of marine propeller ............. . 80.5 126 200 a
i
Srase —r— i e
Thrust of aero-propeller ................ 1 ¢85 1065 | 165 b
[ fa
N 3 . f
Differenee. aiEeihsuiiivE i s e 12 19.5 [ 35 3
|
e oty |
Above difference in percentage of thrust | 1/469 fg 5 ] ﬁ 5 d
of marine propeller (row a) .......... ! - ‘ &

In considering the above figures, we must bear in mind that a certain
amount in the thrust of the aero-propeller counterbalances the increased

%
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resistance caused by the induced air eurrvent from striking the upper works
on the deck.

Also, the frictional resistances for the two kinds of propulsion can not
be definitely concluded to be the same, in consideration of the different
velocity distributions in the two cases.

If we subtract the third row figures of Table B from those of Table A,
we get

TABLE C.

Ve 5 | 7 .
(el WS e - i (S Bl | WSS e = TR
Difference of resistance due to the pressure| 19.5 : 31.0 51.9
Difference of thrusts .....cvvvvivivivrens 1%.0 | 19.5 35
Becond -differemee . ..ouaiideaivi ey 7.5 11.5 16.9

This second difference may he supposed, for the moment, to be the
inerease of thrust proper to the aero-propeller.

The thrust deduction factor for the case of marine propeller, deduced
from the third row of Table A and the first row of Table B, are

TABLE D.

v I 3 ‘ 7 9
!
T RGO
Thrust deduction factor in perveentage .... 24.2 | 24.6 26.0
|

The above values seem reasonable for a small vessel of this class.

Besides the resistance due to the pressure acting normally to a ship’s
surtace, there is another which is the longitudinal component of the frietion
acting tangentially along it. The former is the form, and the latter the
frietional, resistance,

The thrust of a propeller must be equal to the sum of these two kinds
of resistances, if they were measured without a single omission. But, in
the present experiments, the form resistance was deduced from the pressure
distribution on the hull proper only, and no acecount was taken of the
resistances of the rudder and the Pitot-tube, while the thrust of the pro-
peller included the air resistance of upper works, besides those above
mentioned. |

Henee, it is difficult to deduce the correet value of the frictional resist-
ance by our experiments.

If we caleulate the frictional rvesistance by using the O-coefficient of
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R. E. Froude and add it to the form resistanece deduced above, we get a
line directly below the thrust curve, as shown in Figs. 15 and 16.
From this, we get the results:

TABLE E.

-‘re R B — ==l

Air | Water Air Water Air ‘ Water

i T kg kg | kg | ke | kg | kg

Thrust of propeller® .... | 6L0 80.5 93.0 126 1481 ‘ 200

S 2| s R )
Sum of form and 588 | 783 90.2 | 1212 | 1387 | 190.6
frietional resistances. .. :
B erereg: il 2.2 4.8 9.4

For the aecro-propeller, the second difference in Table (' is dedueted out of the
measured thrust.

As the differences in the last row arve small, we may infer that the
frietional resistance calenlated by the Froude’s formula is applicable for
this kind of ships. i

The recent controversy about the validity of the formula is for ships
of high Reynolds numbers, and not for ships, small and of low speed as was
used in the present experiments. The above deduction intrudes, by noe
means, upon the applicability of the formula for a large and speedy ship.
The experimental research on the frictional resistance of a large and speedly
ship is of pressing necessity and forms one of the most important subject
in the science of naval architecture.

In finishing this reporf, we wish to express our thanks for a liberal
gift made by Kondd Kinen Zaidan to aid the expense of our experiments.
Viee admirals Noda, Hiraga and Isozaki of our Navy showed us the utmost
good will and consulted our convenience during the whole experiments.

Our thanks are, also, due to Dr. Motora, who made a model experiment

of the boat at Nagasaki Shipbuilding Yard, and to Messrs. Naoshi Sato,

Masao Yamagata, Yoshio Kikuehi, Yoshio Matsubara and Torao Takehara,
who assisted us in various ways during the experiments.

- End —
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TABLE 1.

(Paper No. 789)

{p-po in em.
V in metres per sec.
|
Exp. No. | 29 30 31 32

Speed V= 1.49 I' 2.03 ' 2.68 2.875

|

5 3 9 — g |

52 e | 6.2 12.0 215 24.0

SEE g | 11.0 20.7 . 36.5 41.8

283 |

mwmog, 13.2 247 —_ —

e '

2 g 13.8 24.8 42.4 482
o e 3.3 6.9 12.5 14.0
3 e | 3.0 ! 5.8 10.2 118
g 5.2 ! 9.5 , 16.4 ; 18.5
= | |
% ‘ 6.8 13.0 , 22.4 ! 27.4
o e | 7.8 15.0 | 25.2 & 28.3
SoRg ‘ 8.7 16.6 | 27.5 ! 30.7

|
Exp. No. | 17 7o | 18 | 1 20
et Bl cor

Speed V= 2.025 1.645 2.365 [ 2.555 2.78

| e e L) ol —
g2 R | 84 5.4 i 115 13.7 16.0
2 R, 8.6 5.9 15.4 16.2 19.2
S R, 11.6 il ‘ 16.1 19.5 23.1
& m, 12.8 76 | 180 215 25.7
S R, 13.2 78 | 188 29.7 27.0
— i

g 4.6 34 | i 8.3 9.6
Rl 6.4 42 | 8.7 10.7 12.6
; Q. | 8.0 49 | 108 13.4 15.8
2 Q | 8.6 Bioi o | HEE 15.1 18.2
E Q | 06 g0 | 188 17.1 20.9
b=

Q, 9.8 6.1 { 145 18.6 22.8

P, 3.3 1.9 ] 3.6 4.6 5.2

|

3 P, 43 81 | 5.7 6.8 7.9
= P, 5.5 3.8 ‘ 7.2 8.9 10.3
e By 6.6 44 | 8.5 10.6 12.9
R 7.6 52 | 108 13.0 16.0
= .
R 8.0 7 A 146 18.0

P, 8.3 5.9 i 11.4 15.5 19.0




Table I, Continued.

(Paper No. 789)

Exp. No. 21 29 23 24
Speed V= 2.03 2.60 2.84 3.07
2 o, 0.6 0.9 ; 1.9 26
T 0, 0.7 1.2 " 2.3 3.5
2 0, 20 | 3.2 5.1 7.0
i :;-3 0, 3.3 ’. _ 5.3 im z.s 10.3
No -01 | 0 0.3 0.4
3 N | ~0.5 ~0.6 ! -0.4 —0.1
m N, | -18 —26 —29 _8.2
% N, | —0.1 0.8 -0.9 —0.6
2 n, i 2.6 2.9 4.0 5.4
S N, | 3.5 ‘ 3.2 44 I 6.4
N, 44 3.9 5.7 ' 8.0
M, | 0.4 0.5 0.7 0.8
3 M, -0.7 ~1.2 ~15 ~1.9
5 M, —2.0 -3.6 ~4.6 -6.2
9 M, ~1.0 -28 -39 | 54
2 M, ~0.4 -1.2 -2.3 |  -33
S M, 14 0.9 0.6 ! 0.5
M, 0.8 -0.2 =K -1.0
L, 0.6 0.9 0.8 " 0.3
[ -07 ~1.0 ~1.5 | 97
2 L. -16 ~28 =Y -5.3
5oz, —-16 —29 —46 -65
-g 7 —-2.0 —-3.2 -5.0 -8.0
S I, -15 —2.3 —43 -85
79 -0.8 -0.8 —2.9 —5.5
K, 1.8 2.0 2.1 1.2
2 K, 0.2 | 0.7 0.5 —-0.2
= K, 2.2 —4.0 5.4 : ¥
® Kio | -8.7 -53 ~7.8 ~11.4
2 K, -2.8 . —4.2 | -6.7 —10.4
g K, ~-8.5 ; =51 | —8.4 —11.9
K, —22 | ~15 ~43 ~9.0
g I 0.8 1.2 1.4 21
E:r 1, 0.7 ! 1.6 1.8 - 1.3
iz i 3 0.6 -, 058 1.5 1.8
=N T 0.1 " 0.2 0.2 | —0a
I, 0.1 0.5 1.2 0.2
oI, -0.2 04 1.2 | 0.8
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i 21 29 ‘ 23 24

Speed V= ‘ 2.03 2.60 2.84 3.07
g W | 1.7 2.9 ] 3.5 3.5
= H, | 0.9 1.6 ' 2.1 1.5
=l ‘ ~0.7 . ~0.5 —05 —05
2 ®, | -~01 | 0.3 1.0 1.2
s o, -12 | -10 —07 0.2
Exp. No. 25 2 o7 28
Speed V= 2115 2,615 2.88 3.05
Go 1.2 1.3 2.4 34

3 G -05 —0.8 ~1.0 —0.3
=G, —0.9 19 =18 -1.2
B, -0.6 ~1.2 -1.5 —02
2 @, —05 S 17 -0.3
S G, -0.7 ~30 ~3.0 =
Gi -04 -39 -89 ~15

F, -0.8 1.7 —i S

3 F. | -1.6 —2.7 -3.7 -36
A ~2.3 -87 -5.1 —44
o <16 ~31 -42 —40
£ F, | 0 -07 -0.9 -0.2
g F, 01 -13 -20 -16
F, —0.2 =25 41 -35
e 0.7 1.3 11 0.6
ig E, -09 ~16 ~1.8 —-1.9
; O -0.4 =11 -0.7 -0.6
;{, E, 0.7 0.8 0.7 0.6
i E, -0.2 —0.4 ~1i8 -2.3
R 0.6 1.2 05 ~19
s e, 0.8 1.0 1.8 2.7
o 1.3 2.1 2.2 2.2
R D, -06 1.0 =1 ~1.7
E. D, 1.6 2.7 42 3.6
B D 2.3 3.8 4.6 44
< ) 3.0 4.8 5.8 48
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Table T, Continued,

Exp. No. i 2 i 26 27 _ 28
Speed V= 2.115 | 65 2.88 | 3.06
By 5.1 6.9 7.5 7.75
q Oy 6.05 10,05 10.85 12.3
s Q) 42 5.8 8.0 | 8.6
2.0 6.0 9.2 11.3 | 12.4
E |
S 0 6.0 0.2 11.3 | 126
2 B 6.1 9.6 . 11,7 12.7
= B 5.4 8.5 10.3 11.1
% B, | 7.1 10.9 13.4 14.3
2 p. | 7.2 11.3 13.6 14.6
S B, 6.9 111 13.4 14.4
i —
® A, 6.0 9.5 11.3 11.6
2 Ay 5.6 8.8 10.9 11.2
T A, 7.7 11.5 14.7 | 15.5
H A, 8.0 12.6 14.9 15.6
S A, 8.2 12.8 15.3 16.4
Exp_ No. 29 | 30 53l 32
the o IR S i~
Speed V= 1.49 . 2.08 2.68 2.875
S 3.1 46 7.8 9.1
—5 £, 2.8 3.0 5.1 5.7
T RN 3 3.4 5.3 8.9 10.4
o
g & 33 5.8 10.2 12,0
é B 4.1 7.3 12.6 14.6
i 41 - 7.5 12.9 14.5
o 1, 3.0 4.6 7.9 10.5
Gg o
éa ) % 3.3 44 7.1 75
2y 1 2.7 16 8.3 10.1
ﬁ;& I 3.1 5.8 10.4 116
w
2z E i, 4.4 7.3 12.4 14.0
2
=g, 5.3 7.7 12.8 14.5
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TABLE II.
~p, in em.
in metres per sec.

T2 =0
=15

(Paper No. 789,

DRAUGHT IN CM.

MARK
20 40 | 60 | 80 100 105
g 9.55 15.60 | 17.60 18.00 17.60 17.6
o 4.8D 4.20 7.00 9.40 10.80 11.4
R 5.80 6.00 6.60 8.00 .65 8.7
Q 4.10 455 570 | 617 6.70 6.8
P 3.35 4.90 490 | 5.7 6.15 6.4
0 0.20 0.60 165 | 270 3.70 4.1
N ~1.10 0.10 230 | 8.2 3.95 3.5
M —1.45 -0.65 -025 | 1.30 0.80 0.4
L -1.20 —1.20 —1.67 ~18 | —0.90 =14
K -1.80 | -3.30 —270 | —8.20 ~2.30 ~24
J —1.60* | —3.70% | —1.65* | —2.65* | —0.90%
I 0.70 | 0.4 0.05 0.05 —0.18 -0.5
H ~0.70 | —0.10* ~1.00% | —050%* | —0.20% | —0.2
G —0.40 -0.30 | -020 | 010 0.55 -0.2
F —1.6) | —085 0.20 | 0.40 0.35 0
E —-0.20 | -0.05 0.50 —(.10 0.10 0
D 075 | —0.50 1.20 1.40 1.80 2.3
c 2.85% |  B.80° 3.00 | 405 4.10 4.4
B 400 |° 380 485 | 48p 455 18
A 5.90 3.80 5.20 5.30 5.50 5.8
fs 120 4.30 5.20 5.83 5.50 5.3
fo 3.50 4.20 5.35 6.15 6.27 6.1
* Obtained by Fairing.
Vi=j
. DRAUGHT IN CM.
MARK L C I : . Y N L - -
- 115 120 125 | 130 i 135
e 174 17.8 141 90 | 38
. 12.5 13.5 11.3 7.2 3.2
R 8.5 8.3 5.0 =
Q 6.8 5.6 1.5 [
r 6.5 6.2 | 3.1
0 45 47 | 1.8
N 5.1 2.5
M —0.4 —0.4
L -2.8 —2.0 |
K —-45 —2.0
e P ey = | = T
J ,
1 -1.0 ~1.5
H | -1 ~2.0
G =17 —-2.0
F 1.0 -18
E 1] 0
D 2.4 2.5 9.5 =)
Q! 43 43 45 1.2
B 16 145 | 15 1.2
A 6.0 6.1 ' 6.1 ; 3.2 _
1. 5.0 4.6 4.4 0.7 .
fo 5.9 5.2 47 | 0.8




Table II, Contined.

Vi=h

(Paper No. 78%)

MARK -

20

DRAUGHT IN CM.

40 G |
2o 15.70 25.80 29,00 | 2920 29.0
2= 8.60 7.15 11.45 19.0 19.6
R I 10.00 10,35 11.95 163 | 16.6
Q | 6.70 7.85 9.80 26 | 129
P | 515 655 | 7.7 9.7 9.5
(8] 0.10 0.85 2.20 5.2 48
N - 2.00 - 035 5.1 4.7
M —2.50 —1.40 0 i 0
L -1.9 -1.95 -0.7 -1.3
K -2.70 —4.00 =21 —-4,0
¥ —-382% | —-7.8
T 0.90 | 055 -0.2 -0.2
H —0.70 —0.05% ~1.1 -1.6
G -1.10 —0.75 —-1.5 —-2.5
F . —2.65 —-1.80 —0.10 —1.0 —1.3
E 0.65 —1.85 —0.50 0.75 151 1.4
D 0.60 1.55 —-0.70 1.80 5.5 3.6
o 8.71*% 4.45*% 7.10% 4.5 6.6 6.6
B 7.15 6.80 6,10 7.90 8.3 8.4
A 7.00 6.70 6.20 5.40 9. 9.3
is 3:.532 6.35 7.00 8.3 9.3 9.3
s 517 5.50 7.15 8.5/ 9.2 9.5
* Obtained by Fairing.
Vi=H
, - DRAUGHT IN OM,
MARK et ————— : -

120 125 40 | 145
g 928.1 244 77 | 28
2s 211 18.7 6.1 ; 1.8
R 17.2 | 14.7 1.8 |
o4 12.6 9.3 |
P 8.1 | 4.5 |
0 50 |
N 29
M (1]
L - 2.0
K -2.0
7 ’
I 0
H -1.9
G —2.0
¥ | -19
E 16 | 16
D 3.6 3.8 | 0.7
cr 6.5 6.5 kb
B 8.5 | 8.6 5.b 0.5
A 9.5 9.3 6.4 1.5
iz 9.4 9.7 6.6 1.7
fe 9.4 9.6 6.5 1.6

)

£
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Table T]., Clontivued.

(Paper No. 787)

ve=7
DRAUGHT IN CM.

MARK |—— M — _ = —
{10 20 | 40 6) 80 100 105 | 10 | 115
| |

o 29.00 | 8610 | 4050 | 41.40 | 4150 | 41.6 | 416 | 414
o 9.9 1220 | 9.90 | 16.00 2287 | 2460 258 | 2.4 | 27.8
R 14.05 1415 | 1470 @ 17.30 2090 2317 @ 9239 | 244 | 249
Q 8.85 995 | 1140 @ 1430 | 16.3) 1845 | 190 | 195 | 20.1
r 5.70 792 | 940 | 1140 1430 158) | 159 | 16.0 15.6
[ (S 1) 0:22 | 1,500 B8.60| H70 | 88| 86 | 83 7.5
N ~055 | ~275 | —0.88 | 3.05 345 415| 41 | 85 2.5
M ~197 | -880| —300 | —140 | 0.85 =040 | -11 | -1.9 | -2.2
L ~1,08 | =295 | -8.16 | ~343 | -260 —108 | —14 | —25 | ~b4
K 0.66 = -495 | —555 -4.55 | —5.60 -180 | -22 | -44 | —6.9
J 1.40% | —4.05%| —5.60% - 4.80%| —8.55* - 2.75*%| :

I 1.66 145 | 090 095 060 085| 05 | -05
H 172 | -050 | 045 —1.00% —120* —1.40* -15 | —15  —16
+ -1.08 -1.95  -1.95 -1.70 | ~ 305  -400 | —4.2 —-4.7 -5.6
F —3.0¢ | —3.8 | =815 | —0.95 | ~1.40  ~2.70 | -85 | —-41 | —4.9
B 105 | —172  -1.00 080 -045 110 | 09 0.5 0.2
D T 215 | -0.90  3.00 | 890 500 49 | 438 48
C 5.08% 6.00% 10.10® 600 940  9.33 | 95 | 94 9.4
B 10,20 980 | A&75 | 11.20 | 1165 | 1140 | 115 | 11.5 | 115
A 10.80 9.65 910 | 1175 1290 | 1315 | 182 | 138 134
% 4,98 885 | 992 | 11.80 | 1290 | 1265 | 135 | 18.7 | 141
£ 6.99 810 | 10.15 | 11.80 | 12.85  12.55 | 13.0 | 18.2 | 137

* Obtained by Fairing.
ve=7
DRAUGHT IN CM.

MARK |— S e — —

120 125 | 130 135 140 145 | 150 155
2 a1 37.8 ‘ 325 | 270 | 214 | 155 | 100
s 282 | 26.0 21.7 18.3 14.5 107 | 6.8
R 255 | 23.2 18.8 14.6 10.2 5.8 1.4
Q 21.0 | 188 14.6 10,4 6.1 18 |
P 154 | 118 6.2 0.5 ' |
0 6.3 | 3 | .
N 0.5 ; |
M —2.0 i
I -%.0 ‘ |
K -2.0 ; ! ;
J ' | |
I -1.5 .
H -15
r -—20
F -1.9 !
E 0 |
D 16 16 ‘ |
C 9.3 6.0 0 -
B 11.7 8.6 3.6 |
A 135 | 104 5.5 0.5 |
ia 144 11.7 ‘ 71 25 | -
fo 14.0 s | 70 25 | |
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TABLE III.

P-Pp, in em.
V in metres per sec.
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Table I1I, Continued,
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V=5
DRAUGHT IN CM.

TABLE 1V.

PP in cm.
YV in metres per see.
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Table I\r, Continued.
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Table IV, Continued,
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The Torsional Stress in the Hull of a Ship.
(Paper No. 790) wi

By Tuneo Inokuty, Kg., KH.,

Professor of Naval Architecture in the
Tokyo Imperial University.

Introduction.

The problem on the torsional stress in a ship’s hull has been already
discussed by some authors® for ships of simple cross-sections such as single
or two decked vessels without double bottom, however, so far as the author
is aware, the method of eomputing the torsional stress in the structure of an
ordinary ship with many decks and double bottom has not yet been given.
The object of the present paper is to show the general method of caleulating
the torsional stress for any complicated cross-section, basing upon the
fundamental theory of torsion.

The results of an example given for the illustration show that the
torsional stress in a ship’s hull under ordinary circumstanece appears to be
not a matter of much importance, however, we may expect a considerable
stress-concentration at the eorner of deck opening due to the discontinuity
of the structure at that part. Tt is another objeet of this paper to show the
existence of such stress-coneentration in ship’s strueture.

1. Torsion of Thin Hollow Tube.

When a thin hollow tube is subjected to torsion, the variation of shear-
ing stress on the cross-section across the thickness of the wall is very.small,
and we may assume it to be uniform and equal to the mean shearing stress
g across the thickness of the wall. The direction of this stress is, of course,
parallel 1o the tangent to the wall at that point. Let # be the thickness
of the wall. [t is shown in books on the theory of elasticity® that

(57 B 11 5.1 v RE RO G SO (1)

The ship’s structures which are consisted of numerous walls in the
form of decks. side plating, bottom and inner bottom plating may be re-
garded as a thin hollow tube having several hollow parts in the eross-section,

) Vedeler, On the Torsion of Ships, T.I.LN.A,, 1924,

Tir. Sezawa, On the Torsion of Ships among Oblique Waves, Graduation Essay,
Depart. of N.A,, Tokyo Imp. Univ., 1921. Unpublished.

Dir. Dahimann, Festigkeit der Schiffe, pp. 119-124,

Prof. Lienan, Versuchseinrichtungen und Ergebnisse des Institutes fiir Sechiffs-
festigkeit an der Technischen Hochschule Danzig, Jahrbueh d. Schiffbau-
technischen Gesellschaft, 1928,

=1 Preseott, Applied Elasticity, p. 1635.
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and this tube may be considered as one having the cross-section surrounded
by n number of closed boundaries and forming #—1 number of hollow parts.
For instance,.in Fig. 1, there are three closed boundaries and two hollow
parts, and the cross-section is comsisted of three walls, EABC, EC, and
CDE. In such case, the above expression (1) holds good for each wall
Take a transverse ring of a very short length dz, and consider a portion
where three walls meet at one point eut by longitudizal planes normal o
respective walls at any point in each wall. Fig. 2 represents the portion
thus obtained. If, now, the shearing stresses and thicknesses of the walls
CP, CQ and CR are ¢i, qs gs, ti, fo, {3, there are longitudinal shearing
stresses of equal intensity g1, gs, and gz on the section PP/, QQ’ and ER’
respectively. For the equilibrium of this portion, the algebraic sum of
these longitudinal stresses must be zero, i.e. '
ity Oz -+ qguts dx —qsls dx =10,

or Git1 4 guta—qsts o s e {(2)
This relation holds good for all three walls meeting at other points. When
the number of closed boundaries is n, the number of points where three
walls are meeting is 2(n—2). Therefore we have 2(n—2) equations of the
type (2) in all. But one of these equations can be obtained by combining
the others. Hence we have 2n—5 independent equations of the type (2.

“Our next step is to find the relation between the shearing stress and
the twist of the tube. Take the axes of x and y in the plane of the cross-
section, and let ¢ be the torsion function, and ¢ a conjugate function such
that ¢-+iy is a function of »-iy. Then the shearing stress and the lines of
shearing stress are given by the following equations.®

If we put

the curves W=const. is the lines of shearing stress. The shearing siress ¢
is given by
ov
v’
where dp is the element of the normal to the eurve, 7 the twist, and G the
modulus of rigidity. : ;

Substituting (3) in the above equation, we have

= — G:T

g:-—Gr[gﬁ-— {0 cos (r, v) 4y cos (y, v)i ]
v

Therefore we have

where ds is the element of the lines of shearing stress, and p the perpen-

3 See Love, Mathematical Theory of Elasticity, Chapter XTIV,
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dienlar distance from the origin to the tangent to the eurve. -
The axial displacement is given by
-H‘:T(‘rf)_
Therefore, the equation (4) becomes

-y o

g="0 AR o o Smmiei b B s 5)
q = 1 (5)

Now it is obvious that

S W geeg

os
the integration being taken round any closed curve in the ecross-section.
Hence, if we integrate both sides of the equation (5) round any closed line
of shearing stress, we have

Srj{r?_-.\-z"(;?r;l, ......................... (6)

where A represents the area bounded by this closed eurve.
Taking any inner boundary, the shearing stresses and thicknesses of
the walls, which have this boundary as their side, are represented by

c e oo L T
As the boundary is one of the lines of shearing stress, the relation (6)
holds good for this boundary. Changing the left-hand side of (6) by
integrating for each wall, we have

¢ t,Sf—s-}-gf :, S LR (1)
” - [."

where A, is the avea enclosed by this boundary. In the above equation,
the sign of shearing stress must be faken into account, and, when the
direction of the shearing stress in any wall is opposite to the direction of
integration round the boundary, the minus sien shall be put before the
term for that wall. If this integration is made for all inner boundaries,
we shall have n —1 equations of the type (7). These equations are indepen-
dent to each other, and another equation given by integrating round the
outer houndary ean be obtained if we combine the equations for the inner
boundaries.

The last equation we should have is one for the relation between the
torque ) acting on the tube and the shearing stress. If, for each wall,
the perpendicnlar distances from the axis of twist to the tangent of the
wall are represented by pi, pa,. ..., then, the moment of shearing stress on
the element f ds being p ¢t ds, we shall have by integrating for all walls

:glf][p]_r:l’-:-f-f,':f:Sp:r'?s—i- .................... (8)

Using the relations of the type (2), the above equation can be trans-
formed into the form having the terms of some of qif1, gafa,........ , the
coefficients of whieh are the areas enclosed by some boundaries.
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We have now 2n—5 equations of the type (2), n—1 equations of the
type (7), and the transformed equation of (8). Therefore there are, in
all, 3n—>5 equations, which contain 3n—4 number of quantities, gi7;. guts,

v on s Qaneg) tzuen, @, and 7, the number of walls being 3(n—2). Ience
we have obtained necessary and sufficient simultaneous equations of the
1st degree for solving the above quantities by making one of them known
and the remainder unknown.

So far we have treated the eross-section in which not more than three
walls are meeting at one point. If there are any points where more than
three walls are meeting, the number of the equations of the type (2) will
be reduced, but, at the same time, the number of walls will also he reduced
by the same number. Therefore we have still necessary and sufficient equa-
tions left for solving the required quantities,

2. C(Calculation of Torsional Stress in Ship’s Hull
Applying the above method, the torsional stress was calenlated for an
ordinary cargo ship of the following dimensions, having double hottom and
three decks ineluding bridee deck, the midship seetion of which is shown in
Fig. 3.

Length hetween perpendiculars 100-0"
Breadth moulded 54'-6"
Depth moulded 30"-0"

Vedeler® sugeests that the static forque acting on a ship shall be pro-
portional to L:B? where L and B are the length and breadth of the ship.
From the results of ecaleulation of static torque made by Vedeler™ and
Dr. Sezawa,® the ratio of @ to L-B?*/35 was caleulated. the results of which
are given in Table I.

TABLE T.

Authors LxB*D Q in ft-fons L?f:“ ® 107
35
Vedeler 360"-0" % 50'-0" x 26"-1" 3,075 .239
Sezawa 345'-0" % 50°—0" %29"—1" 3,420 278
i 400°~0" x 54'—6" % 30°-0" 6,190 334
i 445'-0" x 58'-0" % 34"-0" 8,200 334
403'-0" % 53'-0" x 31'-0" 5,780 337

”»

In the present paper, it is assumed that the static torque is 6,190 ft-tons.
In addition to statie torque, there will be dynamie torque due to the oseilla-
tion of the ship, but at present the stresses due to the statie torque only
were caleulated. The results obtained are given in Table II, and are also
shown graphically in Fig. 3, in which the intensity of stress is drawn perpen-
dicularly to each member on one side, irrespeetive of the sign of stresses.

4 and  Vedeler, loe. cit.
6 Dr, Sezawa, loe. eif,

L4
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TABLE II.

; Thickness of Shearing

o A Thinnest- Stress

in fon/in. Plate in inch inton/ 0"
Bridge deck plating and Dbridge side plating 0848 40 (Br, dk, plating) .212
Trpper: deelk PIENG .o viemasms s s e L0427 B0 119
Tween deck gide plating .. .. ..o 295 70 J182
2nd deck Plating ovs i iesaiiiiiaii e 0142 a6 139
Side plating below 2nd deek . ..onviian oL L1420 70 203
. EROEIN NEIND Lo e e e d042 .70 148
Innér bottom plating ... ..o 378 A4 086

At the centre girder, the hull being symmetrical on both sides, the
shearing stress becomes zero. As will be seen in the above table, the greatest
stress is at the bridge deck, and the smallest at the second deck.

The shearing stresses on the seam 1-'1\-'etmg' due to the above torsional
stresses were computed, but they did not amount to anything, even at the
bridge deck plating was a little less than 1 ton/ 07,

3. Discontinuity of Structure at Corner of Deck Opening.

Judging from the above results, the torsional stress in the ship’s hull
under ordinary ciremmstance appears to be not a matter of mueh import-
ance, however there is one part which requires some considerations, that
is the discontinuity of structure at the corner of the deck opening. The
part of deck opening may be regarded as an open tube and other part as
closed tube.

The shearing stress ¢ and the fwist 7 of & thin hollow ecireular tube
having uniform thickness { and radius », when subjected to the torque €,
are given by

8]
=ty
2mr=t
{
0
2yt

And, with a tube of the same radins and thickness having a split cut
parallel to the axis, the shearing stress ¢’ and the twist 77 for the same
torque™ are represented by

r :.){L)

Q=i 2
Dy g®

i 86
Qrlirt®

Therefore the ratio of the stress in the split tube to that in the closed
tube is 3(r/1) for the same torque, and the ratio of the twist is 3(»/t)>
Thus the split tube is much weaker than the closed tube, and very much
less rigid, and we may anticipate a considerable stress-concentration at the

T Prescott, Applied Elaslicity, p. 171,
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corner of the deck opening making the question somewhat important from
the strength point of view in ship’s strueture.

Further the same question may bear an important effeet on aireraft
construction in which the study of torsion is of greatest importance in
design when an opening is cut on the metallic fuselage,

4. Model Experiments.

The foregoing theory holds wood provided the cross-section of the
tube has no sharp bent of the wall and no sudden change in the thickness
of the wall. In the torsion of a solid shaft, if the boundary of the cross-
section has a sharp re-entrant, the shearing stress near the corner is very
great, and, if the boundary has a sharp projection, the shearing stress is zero
at such projection. The same effect will be observed in the torsion of a
thin tube having discontinuities in the boundarvies of the cross-section. If
there is a sharp bent of the wall in the cross-section, the shearing stress at
this part is not uniform aeross this bent, and the shearing siress near the
inner corner will be very great and that at the outer corner will be zcro.

As there are several sharp bents and other diseontinuities in the eross-
section of a ship, the theory in the foregoing article does not hold for the
torsion of a ship’s hull. To investigate the effect of the stress-concentration
at such parts on the torsion of a tube as a whole, some thin hollow rec-
tangular tubes of eelluloid which have decks and double bottom as in a
ship’s hull were subjected to torsion, and the angle of twist was measured.
The results of this experiment show that the observed angle of twist agrees
with the value caleulated by the foregoing method disregarding the stress-
concentration at the discontinuities within the difference of +10%. There-
fore we may conclude that the effect of the sharp bents and other dis-
continuities on the torsion of the tube as a whole is relatively small, and
the method of caleculating the torsional stresses, &e., in the preceding article
may be applied to the ship’s hull without any considerable error.

Another experiment carried out was to examine the effect of opening
on the torsion of hollow tube., A hollow cireular tube of india-rubber which
has a rectangular opening was twisted and the strains were observed. The
length of the part of the tube which was subjected to torsion is 50.2 em,
the inner diameter of the tube 10.0 ¢m, and its thickness 42 cm. The length
of the rectangular opening is 6.0 em and the width 3.6 em. Figs. 4 to €
represent the distributions of the longitudinal and eircumferential strains,
and the shear strain. It will be seen from the figures, that there are con-
siderable direct and shear strains near the corner of the opening, and,
moreover, the shear strain at the part of the opening is far greater than
that at the part of closed tube. The experiment was not accurate enough
to obtain a quantitative results, but the results show fairly well the general
nature of the torsion of tube having an opening. :

The above two experiments were carrvied out by the students of the

i/

Y
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department of Naval Architeeture in the Tokyo Imperial University under
the instruction of the author, and hearty thanks of the author are due to
them for supplying the useful data.
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