V.1

BAB VI
PENUTUP

Kesimpulan

Dari hasil perhitungan yang telah dilakukan pada kapal rancangan

yaitu Kapal Ferry 1650 GT dengan dimensi kapal sebagai berikut :

Panjang keseluruhan (Loa) : 115,97 m
Panjang antara garis tegak (Lpp) : 104,48 m
Lebar kapal (B) 217,58 m
Sarat kapal (T) 14,35 m
Kecepatan (V) : 16,00 Knot
Gross Tonage (GT) : 1650 Ton
Radius pelayaran : 3600 mil

: (20 kali trip x 15 mil laut x 2 hari)

Klasifikasi : BKI

=

4

Untuk dapat menentukan besamnya daya métor induk sebagai
penggerak utama kapal, maka factor kecepatan dacrah pelayaran serta
dimensi dari kapal mempunyai pengaruh sangat besar.

Di dalam perancangan kamar mesin, tidak terlepas dari adanya asumsi-
asumsi yang diberikan untuk mempermudah dalam perhitungan
dengan tidak mengabaikan tanggung secara teknis, ekonomis dan
peraturan-peraturan yang ada, sehingga hasil perhitungan dapat
mendekati keadaan yang sebenarnya.

Tata letak mesin induk, mesin bantu, maupun peralatan perlatan lain
hendaknya diatur seefesien mungkin, hal ini untuk mempermudah
dalam perawatan dan perbaikan peralatan yang ada di kamar mesin itu
sendiri.

Peletakan permesinan berpengaruh pada stabilitas kapal.

Pemilihan mesin bantu tergantung dari jumlah daya yang harus

disuplai pada kondisi operasi kapal yang berbeda beda.

RS



V.2

Saran-saran

Kesempurnaan dari hasil penulisan adalah merupakan tujuan yang
ingin dicapai penulis. Unftuk itu penulis telah berusaha semaksimal
mungkin dengan bantuan dan bimbingan dari dosen pembimbing.

Tetapi dalam hal ini penulis menyadari bahwa dalam penulisan
masih banyak terdapat kesalahan dan kekurangan, maka dari ita penulis
berharap adanya sumbangan pikiran untuk memperbaikan dalam tugas
merancang ini.

Akhirnya, semoga ugas merancang ini dapat berguna bagi pembaca

sekalian.
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Section 14 -

Rudder and Manoeuvring Arrangement

A, General
I. Manoeuvring arrangement
i.1 Each ship is o be provided with a manoeu-

vring arrangement which will guarantee sufficient
wnoeuvring capability.

1.2 The manoeuvring arrangement includes all
parts from the rudder and stecring gear to the stcering
position necessary for stcering the ship.

1.3 Rudder stock, rudder coupling, rudder bear-
ngs and the rudder body are dealt with in this Section.

The steering gear is to comply with Volume III,
Scction 14,

1.4 The steering gear compartment shall be
rcadily accessible and, as far as practicable, separated
from the imachinery space. (See also Chapter i1-1, Reg.
29.13 of SOLAS 74.) '

Guidance

Concerning the use of non-magnetic material in the
wheel house in way of a magnetic compass, the re-
quiremenis of the national Administration con-
cerned are to be observed.

1.5 For ice-strengthening see Section 15,
2. Structural details
2.1 Effective means are to be provided for sup

porting the weight of the rudder body without ex-
cessive bearing pressure, e.g. by a rudder carrier
attached to the upper part of the rudder stock. The
hull structure in way of the rudder carrier is to be
suitably strengthened.

2.2 Suitable arrangements are to be provided to
prevent the rudder from lifting.

2.3 The rudder stock is to be carried through the
hull either enclosed in a watertight trunk, or glands

are to be fitted above the deepest load waterling, to
prevent water from entering the sleering gear com-
partment and the lubricant from being washed away
from the rudder carrier. If the top of the rudder trunk
is below the deepest waterline two separate stuffing
boxes are to be provided.

3. Size of rudder area

In order to achieve sufficient marocuvring capability
the size of the movable rudder area A 1s recommended
to be not less than obtained from the {ollowing
formula: '

A = cprepreyrey

¢, = factor {or the ship type:
= 1,0 ingeneral

= 0,9 for bulk carriers and tankers having a
displacement of more than 50.000 ton

= 1,7 fortugs and trawlers

c, = factor for the rudder type:

= 1,0 ingeneral

= 0,9 for semi-spade rudders

= 0,8 fordouble rudders (per rudder)
= 0,7 for high lift rudders

¢y = factor for the rudder profile:
= 1,0 for NACA-profiles and plate rudder

= 0,8 for hollow profiles

¢y = factor for the rudder arrangement:
= 1,0 forrudders in the propeller jet

= 1,5 for rudders outside the propelier jet

For semi-spade rudder 50% of the projected area of

the rudder horn may be included into the rudder area
A,
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Materials

t For materials for rudder stock, pintics, cou-
ing bolts ete. sec Rules for Material Volume V:
secial material requirements are (o be observed for
¢ ice nolations £S3 and ES4 as well as for the arclic
¢ notations Arc I- Arc 4.

2 In general materials having a minimum
yminal upper yield point R, of less than 200
fmm? and a minimum tcnsxlc ercnglh of less than
30 N/mm? or more than 900 N/mu?t shall not be
sed for rudder stocks, pintles, keys and bolts. The
quircmans of this Section are bascd on a material’s
Animum nominal upper yield point Ry of 233
/’mm2 I material 1s used having a Ry differing
om 233 N/mm?, the material factor k, is to be
stermined as follows:

2351078
. = for Ry > 235 Nimm?
R
eH
235 < 2
. = for Ry <235 Nfmm*
o
i = minimum nominat upper vield point of

material used in [N/mm?]. R, is not to be
taken greater than 0.7 - R, or 430 Nfmm?,
whichever 1s less. R, = tensile strength of
the material used.

3 Before significant reductions in rudder stock
tameter due to the apphcauon of steels with Ry,
xceeding 235 N/mm? are granted, the Society may
equire the evaluation of the elastic rudder stock
cllections. Large deflections should be avoided in
rder to avoid excessive edge pressures in way of
parings.

-4 The permissible stresses given in E. L, are
pplicable for ordinary hull structural steel. When
ugher tensile steets are used, higher values may be
ised which will be fixed in each individual case.

. Definitions

-p = rudder force in [N]
2p = rudder iorquc in [Nm]

4 = total movable area of the rudder in [m?]
For nozzle rudders, A is not to be taken less
than 1,35 times the projected arca of the
nozzle;

v

—

1.1

A+ area of a rudder horn, if any, in [m?]

portion of rudder area located ahead of the
rudder stock axis in [m?]

mecan height of rudder arca in [m] -

mean breadth of rudder area in [m] (sce Fig,
14.1)

<

Fig. k4.1

aspect ratio of rudder arca A,
b2/A,

ahead speed of ship in [kn] as defined in
Section |, H.5, if this speed is less than 10
kn, vq is to be taken as

. ={vo +20)3 [kn]

astern speed of ship in {kn]; if the astern
speed v, < 0,4 - vy or 6 kn, whichever is less,
determination of rudder force and torque for
astern condition is not required. For greater
astern speeds special evaluation of rudder
force and torque as a function of the rudder
angle may be required. H no limitations for
the rudder angle at astern condition 15 stipu-
lated, the factor k5 1s not to be taken less
than given in Table i4.1 for astern condition.

material factor according lo Section 2, B.2.

Rudder Force and Torque

Rudder force and torque for normal rud-
ders

The rudder force is to be determined ac-
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cording to the following formula:

CR
V

\I

i

132-Av2 k) Ky k3%, [N]

vg for ahead condition

v, for astern condition

coefficient, depending on the aspect ratio A

(A +2)3, whoure A need not be taken greater
than 2 :

coefficient, depending on the type of the
rudder and the rudder profile according to
Table 14.1.

coefficient, depending on the location of the
rudder

0.8 for rudders outside the propeller jet

1,15 for rudders aft of the pro.pc[lcr nozzle

1,0 elsewhere, including also rudders within

the propeller jet

coefficient depending on the thrust coelfi-
cient ¢,

1,0 normally

En special cases for thrust ceefficients ¢, > 1,0 de-
terminaticr of x according to the following formula
may be required:

. Cr (e
Table 14.1
Profile/ K2
type of rudder ahead astem
NAC:A-OO series 1l 14
Géttinger profiles ’ ’
flat side profiles I,1 1,4
hollow profiles 1,35 1,4
to be specially
high 1ift rudders 1,7 i??\l;iiﬁiii;:
1,7

I.2

The rudder torque is to be determined by the

following formula:

Q=

r

PRACRLY

Cr-r [Nmj /’

{m}

4

o

o4

il

0,33 for ahead condition
0,66 for astern condition {gencral)

0,75 for astern condition (hotlow profiles)

For parts of a rudder behind a fixed structure such as
a rudder horr:

¢4

4

1t

0.25 for ahead condition

0,35 for astern condition.

For high lift rudders « is to be specially considered. If
not known, & = 0,4 may be used for the ahead condi-

tion

2.1

balance factor as follows:
AdA
0,08 for unbalenced rudders

0,1 - ¢ [m] for ahead condition.

Rudder force and torque for rudder
blades with cut-outs (semi-spade rudders)

The total rudder force CR is to be calculated

according to 1.1. The pressure distribution over the
rudder area, upon which the determination of rudder
torque and rudder blade strength is to be based, is to
be derived as follows:

The rudder area may be divided into two rectangutar
or trapezoidal parts with areas A and A, (sce Fig.
14.2).

The resulting force of each part may be taken as:

CR!

~
“~R2

2.2

The resulting torque of each part may be

taken as:

Q=

I

Cpy -1y (Nm]

Cra 12 [Nm)

¢ (o - ki) [m]

Cy (o - kyp) (m]
AlfA, ’ -
AyA,

Ajp Ayp seeFig, 14.2

¢

- Al/bl
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3.2 Under strength decks in way of 0,6 L amid-
ships, girders arc to be fitted in alignment with lon-
gitudimal walls, which arc (o extend at lcast over three
[rame spacings beyond tie cad points of the longit-
udial walls, The girders are to overlap with.the
longitudinal walls by at least two frame spacings.

4. Transverse structure of super-structures
and deckhiouses

The transverse structure of superstructures and
deckhouses is to be sufficiently dimensioned by a
suitable arrangement of end bulkheads, web frames,
sicel walls of cabins and casings, or by other meas-
ures.

5. Openings in closed superstructures

5.1 All access openings in end bulkhcads of
closed superstructures shall be fitted with weather-
tight doors permanently attached to the bulkhead,
having the same strength as the bulkhicad. The doors
shall be so arranged that they can be operated from
both sides of the bulkhead. The coaming heights of
the access opening above the deck are to be deler-
mined according to LLC 66.

5.2 Any opening in a superstructure deck or in a
deckhouse deck dircctly above the frechoard deck
(deckhouse surrounding companionways), is to be
protected by efficient weatherthight closures.

B. Side Plating and Decks of Non-Effective
Superstructures

1. Side plating

1.1 The thickness of the side plating is not to be
fess than the grealer of the following values:

1,26 - a Jp-k +t, [mm] or

t o= 08-1 [mm]

i

L

l, sce Section 6, B, 3.1,

1.2 The thickness of (e side plating of upper tier
superstructures may be reduced by 6,5 mim.

2, “Deck plating

2.1 The thickness of deck plating is not to be less

than the greater of the following values:

t = L26-a yp -k +t, (mm]
t = (55+002L) K {mm]
P = Ppa ©F pL, the greater value is (o be taken.

L neced not be taken greater than 200 m.

2.2 Where additional superstructurcs are ar-
ranged on non-effective superstructures located on the
strength deck, the thickness required by 2.1 may be
reduced by 10 percent.

2.3 Where plaled decks are protectzd by
sheathing, the thickness of the deck plaling according
to 2.1 and 2.2 may be reduced by ty, however, it is not
to be less than 5 mm.

Where a sheathing other than wood is used, attention
is to be paid that the sheathing does not affect the
steel. The sheathing is to be cifectively fitied (o the
deck. :

3. Deck beams, supporting deck structure,
frames
3.1 The scantlings of the-deck beams and the

supporting deck struclure are to be determined in
accordance with Section 10.

3.2 The scantlings of superstructure [rames are
given in Scction 9, A3,

house Walls
i. General

The following requirements apply to superstructure
end bulkheads and deckhouse walls forming the only
protection for openings as per Regulation [8 of LLC
66 and for accornmodations.

2. Definitions

The design load for determining the scantlings is:

py = n-cb-f-z) [.thnz]
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L for the lowest ticr of unprotected
12 fronts. The lowest tier is normally
that ticr which is dircctly situated
above (he uppcrmost <entinuous
deck to which the Rule depth H is to
be measured. However, where the
aclual distance exceeds (he minimum
non-corrected tabular freeboard by
at least one siandard superstructurc
height, this tier may be delined as
the 2nd tier and the tier above as the

no= 20 +

3rd tier.
- L .
n = 10 * - {or Znd Llier unprotected [ronts
n=5 4 L for 3rd (icr'and licrs above of
: 15 unpr_olccicd fronts, for sides and
prolected [ronts
n=7+ Lo g for alt'ends abalt amidships
100 L ‘ ~

for alt ends lorward of amidships

L need not be taken greater than 300 m.

'12

;\;-0.45‘
b= L0+ for & <045
Cy+0.2] i
X 2
X045
b=10+15 |2 for X <045
: Cn¥02 L

0.60< CB £0.80; when delennining scantlings of aft
ends forward of amidships, Cp
nced not be taken less than G,8.

x = distance in [m] between the bulkhead con-
sidered and alt end of the fength L. When

determining sides of a deckhousc, the deck-
house is to be subdivided into parts ol
approximatcly cqual Tength, not exceeding
0,15 L cach, and x is to bé taken as (he
distance between alt end of the ength L and
{he centre of cach pard constdered.

L L 12
£ o= 0,1Le¢ 31—} | forL<150m
150
L
f = 01L¢?3 for I50m < L £ 300m
£ = 1104 forL>300m

The factor [ may be taken from Table 16.2.

2 = veriical distance in [im] from the summer load
linc to the midpoint of stiffener span, or o
the middlc of the plate ficld.

¢ = 03407 L
B
b' = breadth of deckhouse at the position con-
sidered
B' = aclual maximum breadth of ship on the

exposcd weather deck at the pesition con-
sidered.

bY/B' is nol to be taken less than 0.25.

For exposed parts of machinery casings, ¢ is not lo be
taken less than 1,0. :

The design load p, is not to be taken less than the
minimum valucs given in Table 16.3.

a = spacing of stiffencrs in |m}

¢ = unsupported span in [m]; ¢ is to be laken as
the superstructure height or deckhouse height

respectively, however, not fess than 2,0 m,
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Cy = Ayb,

by, b, = mean heiglits of the partial rudder areas
Aypand A, (sce Fig. 14.2),

"(—b]

N\
L—cz‘
Tig. 14.2

23 The total rudder torque is to be determined
according to the following form.alae:

QR = QR1+QR2 [Nm} or

QRmin = CR " Ty 2min {-Nm}
_ 01 .
" 2min = e (e Ay ey Ay) [m]
for ahead condition

The greater vaiue is to be taken.

C. Scantlings of the Rudder Stock
1. Rudder stock diameter

1.1 The diameter of the rudder stock for transmit-
ting the torsional moment is not to be less than:

D, =42 :‘JQR.kr fmm]

QpsecB. 1.2and B, 2.2-23.

The related torsional stress is:

‘C( = E~8~ (N/mm?)
kf
k. see A4.2.

1.2 The diameter of the rudder stock deterrained
according to 1.1 is decisive for the steering gear, the
stoppers and the locking device.

1.3 In case of mechanical steering gear the dia-
meter of the rudder stock in its upper part which is
only intended for transmission of the torsional mo-

ment from the auxiliary stecring gear may be 0,9 D,.
The length of the edge of the quadrangle for the
auxiliary tiller must not be less than 0,77 D, and the
height not less than 0,8 D, i
1.4 The rudder stock is to be secured against
axial sliding. The degree of the permissible axial
clearance depends on the consiruction of the steering
engine and on the bearing.

2. Strengthening of rudder stock

2.1 If the rudder is so arranged that additional
bending stresses oceur in the rudder stock, the stock
diameter has to be suitably increased, The increased
diameter is, where applicable, decisive for the
scantlings of the coupling.

For the increased rudder stock diameter the equivalent
stress of bending and torsion is not td"exceed the
following value:

o, = o 2¢3%% 2 118k, [N/mm?]

Bending stress:

16,2 - M, . s
Oy = e— [N/mm~]
0 D 3
1
M, = beading moment at the neck bearing in [Nm]

Torsional stress:

5,1
S N/
D}
D, = increased rudder stock diameter in [cir]

The increased rudder stock diameter may be deter-
mined by the following formula:

M o
D, = D, |1+42e
31Qg
Qp seeB.12andB22-23
D, seel.l.
Guidance

Where a double-piston steering gear is fitted, addi-
tional bending moments may be transmitted from the
steering gear into the rudder stock. These additional
bending moments are to be taken into account for
determining the rudder stock diameter.
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3. Analysizs
3.1 General

The evaluation of bending moments, shear forces and
support {orces for the system rudder - rudder stock
may be carried out for some basic rudder types as
shown in Figs. 14.3 - 14.5 as outlined in 3.2. - 3.3.

3.2 Data for the analysis
f1o-lsg = lengths of the individual girders of the

system in [m]

Lig - lcg = moments of inertia of these eirders in
10~ %50 3 g
fem”]

For rudders supported by a sole piece the length g 15
the distance between lower edge of rudder body and
centre of sole piece, and 1, is the moment of inertia
of the pintle in the sole picce. y

load on rudder body (eeneral);

Cy .
Pp = - [kNAY]
t,," 10°

load on semi-spade rudders:

-

Prio = = [kN/m]
€ 10
C

Ppag = m;m__: {kN/m]
0, 107

Cr:» Cry. Cposee B.1. and B.2.

Z = spring constant of support in the sole piece
or rudder horn respectively

for the support in the sole picce (Fig, 14.3)

6,181
= 2% [kN/m]
QSOJ

for the support in the rudder hom (Fig. 14.4)

z = .1 [K}ifm]
: f, + 1, )
fp = unitdisplacement of rudder horn in (m] duc

to a unit foree of | kN acting in the centre of
support

d
f, = 021 —Ii [mv/kN] (guidance value)

n

I = moment of inertia of rudder horn around the
x-axis .at /2 in [cm?] (sce alsy Fig. 14.4)

f, = unit displacement duc to torsion
d-e? Fuft
i = ___X_lm‘_; fm/ki]
3,14-10%-F 2 :
Fr = mean scctional arca of rudder horn in [m?]
u; = breadth in [mm] of the individual plates

forming the mean horn scetional area

t; = plate thickness within the individual breadth
| u; in [mm] '

e,d = distances in [m] according to Fig, 14.4.

3.3 Moments and {orces to be evaluated

3.3.1  The bending moment My and the'shear foree
Q, in the rudder body, the bending moment My, in the
neck bearing and the support [orces By, B,, By are to
be evaluated.

The so evaluated moments and forces are to be used
for the stress analyses required by 2. and E. 1. of this
Section and by Section 13, C.4, and C.5.

3.3.2  For spade rudders the moments and forces
may be determined by the following formulae:

0 (2%, +x,)
M, = Cp 920+M [Hm]

3{x; + x,)
M,
B3 = — (N]
by
4, Rudder trunk

Where the rudder stock is arranged in a trunk in such
2 way that the trunk is stressed by forces due to
rudder action, the scantlings of the trunk arc to be as
such that the equivalent stress duc to bending and
shear does not exceed 0.35 - Ry of the material used.
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B
. P e
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g = [E
] / V
B =
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| =
| =
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¥ —LAAMA
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Iig. 14.3 Rudder supported by sole piece
B
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M, By =
— E
= m
Pr2o{=] r Qi l
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=
Prio E
System M Q

Fig. 14.4 Semi-spade rudder
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ALY

Mg
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Fig. 14.5 Spade rudder

D. Rudder Couplings
i. General
1.1 The couplings are to be designed in such a

way as to enable thew to transmit the full torque of
the rudder stock.

1.2 The distance of bolt axis from the edges of
the flange is not to be less than 1,2 the diameter of the
bolt. In horizontal couplings, at least 2 bolts are to be
arranged forward of the stock axis.

1.3 The coupling bolts are to be fitted bolts.
Their nuts are to be effectively locked, e.g., according
to recognized standards.

14 For spade rudders horizontal couplings
according to 2. are permissible only where the re-
quired thickness of the coupling flanges t;is less than
50 nun, other wise cone couplings according to 4. are
to be applied. For spade ridders Sf the high lift type,
only cone couplings according to 4. are permitted.

2. Horizontal couplings
2.1 The diameter of coupling bolls is not o be
less than:
D3 K,
d, = 0,62 [mm]
k-n-e

4

D = rudder stock diameter according to C. in
{mm]

n = toial number of bolts, which is nol to be less
thah 6

¢ = mean distance of the bolt axes [rom the
centre of bolt systent in {mm]

k. = material factor for the rudder stock as given
in Ad?2

k, = materal factor for the bolts analogue to
Al2,

2.2 The thickness of the coupling flanges is not

to be less than determined by the follewing formulae:

D3k,
tp = 0062 [mm]
kon-e
Limin 0,9 db
ke = material factor for the coupling flanges ana-

logue to A.4.2,

The thickness of the coupling flanges clear of the bolt
holes is not (o be less than 4,65 - t,.

The width of material outside e bolt holes is not t¢
be less than 0,67 - d.

2.3 The coupling flanges are to be equipped with
a fitted key according to recognized standards for
relieving the bolts.
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ed key may be dispensed with if the diameter
olts is increased by 10%.

Horizontal coupling flanges should be forged
:r with the rudder stock. If the flanges are
to the rudder stock, the stock should have a
ange!} with a diameter of 1,1 D (but not less
+ 20 mm) and with-2 thickness equal te the
thickness (max. flange thickness + 5 mm).

For the connection of the couplmg flanges
. rudder body see also Section 19, B.4.4.

Vertical couplings
The diameter of the coupling bolts is not to
; than:

(num]

Kk, nsee 2.1, wheren is not to be less than 8.

The first moment of area of the bolts about
sntre of the coupling is not to be less than:

= 000043 D% [em].

The thickness of the coupling flanges is not
less than

d,, {mm]

width of material outside the bolt holes 1s not to
ss than 0,67 - dy,.

Cone couplings
Cone couplings with key

i  Cone couplings should have a taper ¢ on dia-
crof 1:8-1:12.

“(dg - d,)e according Fig. 14.6.).

: cone shape should be very exact. The nut is to be
sfully sceured, c.g. as shown in Fig. 14.0.

Tn special cases (c.g.; for small stock diameter) weld ﬂan;-;c
may be dispensed with,

e

insulation
| ] | liner
| I ! sealing/
H insulation
[ N .
=~ dm
| A
i
L [
=]
L, L
‘ l securing
d, —— plale for
nu!

Fig. 14.6

4.1.2  The coupling length ¢ should, 1n gencral. not

be less than 1,5 - dq.

4.1.3  Forcouplings belween stock and rudder < key
is to be provided, the shear area of which is not to be
less than:

i6-Q
af ‘o S il [cmz]
d Ran
Qp = design yield moment of midder stock in [Nm)]
according to I
d, = diameter of the conical part of the rudder

stock in [mm} at the key

Ry = minimum nominal upper vield point of the
- - 2
key material in [N/nmm~|

4.1.4 The clfective surface area of the key (without
rounded edges) between key and rudder stock or cone
coupling, is not Lo be less than:

5-Q
a, = I [em?)
d.R,
kP2
Rz = minimum nominal upper yicld point of the

key, stock or coupling material in N/mm?],
whichever is less.

4.1.5 The dimensions of the slugging nut are to be as
follows:

- height:
h, = 0.6-d,

T

- outer diameter (the greater value to be taken):

d, = 12-d,ord,=15-dg
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.

- external thread diameler:

d, = 065-d,

Sec Fig. 14.6.

4.1.6 It is to be proved that 30% of the design yicld
moment will be solely transmitted by friction in the
cone couplings. This can be done by calculating the
required push-up pressure and push-up length accord-
ing (0 4.23 for a torsional moment Q= 0,5 - Qg

4.2 Cone couplings with special arrangements
for mounting and dismounting the
couplings

4.2.1 Where the stock diameter exceeds 200 mm the
press fit is recommernded to be cffected by a hydraulic
pressure connection. In such cases the cone shouid
be more slender (¢ = 1:12t0 = :20).

4.2.2 In case of hydraulic pressure connections the
nut is to be effectively sccured against the rudder
stock or the pintle. A sceuring plate for securing the
nut against the rudder body is not Lo be provided, see
Fig. 14.7.

N
T | DO | S

Securing
flat bar
Fig. 14.7

4.2.3 For the safe (ransmission of the torsional
moment by the coupling between rudder stock and
rudder body the required push-up length and the
push-up pressure are to be determined by the fol-
towing formulae: -

-1 requiréd push-up pressure

2 QF [03

Preqi —=  [N/mm?
“ druz. tome !‘10
of
_ 6-M,- 10° )
Pz = —5—— (N/mm?]
¢<-d

n

-

Qs

design yield moment of rudder stock

according to F. in [Nm]

d, = mecan cone diameter in [mm]

¢ = conc length in [mm]

g = 0,15 (frictional cocfﬁciénl)

M, = bcndiug moment in the conc coupling

(c.g. case of spade rudders) in [Nm].

The greater of the values Preqt ©F Preq2 1s to be
taken.

It has to be proved that the required push-up
pressure does not exceed the permissible sur-
face pressure 1 the conc. The permissible
surface pressure ig 1o be determined by the
following formula:

0,81 - Ryg(l - ?)
ppcrm =

[N/ mm?]

It

Ry yicld point in [N/mm?] of the material

of the gudgeon
a = d /d, (sccFig 14.6)

The outer diameter of the gudgeon should not
be less than:

d, = 1,5-d, [num]
.2 reguired push-up fength
-d
Al = m_ + (8 ._R_}"Hl [mm]
2
| g
| £

it

mean roughness in (imm]

Rim
Rii < 0,01 mm

It

c

E

taper on diameter according to 4.2.1

Young's modulus {2,06-10° N/mm?)

A guidance figure for the minimum push-up
length is:

Al = d /150 [mm].
This value is not to be greater than;

N I,62~R¢H-dm+0,8_1_1_‘£

= [oum]
¢

3+a'E-c

Guidance -
In case of kdraulic pressure connections the re-
quired push-up force P, for the cone may be deter-
mined by the following formula:
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P, ”Prcq'dm'“'e(c'{é+0'02) N/

Where due to the fitting procedure a partial push-up
effect caused by the rudder weight is given, this may
be taken into account when fixing the required
push-up length, subject t6 approval by BKI,

4.2.4 The required push-up pressure for pintle bear-
ings is to be determined by the fellowing formula:

= 0,4 ) N/mm?)
prcq ’ dﬂ'lz. Q
B, = supporting force in the pintle bearing in [N],

sce alsc Fig. 14.4

d,. 0seed2s

dy = pintle diameter in [mm] according to Fig.
14.6. '

E. Rudder Body, Rudder Bearings

I. Strength of rudder body

1.1 The rudder body is to be stiffened by hori-
zonttal and vertical webs in such a manner that the
rudder body will be effective as a beam. The rudder
should be additionally stiffened at the aft edge.

1.2 The strength of the rudder body is to be
proved by direct calculation according to C.3.

1.3 For rudder bodics without cut-ouls the per-
missible stress are limited to:

bending stress due to My,
o, = O N/mm?
shear stress duc to Q!

€ = 50 Nfmm?

equivalent stress duc to bending and shear:

o, = 0,2+37% =120 N/mm?

Mg, Q, see C.3.3.

In casc of openings in the rudder plating for access to
cone coupling or pintle nut the permissibie stresses
according to 1.4 apply. Smaller permissible stress
values may be required if the comer radii are less than
0.15 - h, where h = height of opening.

1.4 In rudder bodies with cut-outs (semi-spade
rudders) the following siress values arc not to be

exceeded:

bending stress duc to My :
g, =90 N/mm?

shear stress duc to Q

T = 50 N/nun?
torgi_onal stress due to M, :

T = 50 N/mm?

t

cquivalent stress due to bending and shear and

equivalent stress duc to bending and torston:

a, = o, +37° =120 N/mm?

O, = Jeh2+3'rz = 100  N/mm*

£,

Q; = Cpy [N]
fj, f; sec Fig. 14.8,

he torsional stress may be calculated ina simiplified
manner as follows:

M

1 2

T = B 8 . [N/mun®)

: 2-0-h-t

M, = Cpy-e [Nm]

Cgs = partial rudder force in [N] of the partial
rudder arca A, below the cross section under
consideration

e = lever {or torsional moment in [m]

{horizontal distance belween the centroid of
arca A, and the centre line a-a of the effect-
ive cross sectional arca under consideration,
sec Fig. 14.8. The centroid is to be assumed
at 0,33 - ¢y aft of the forward edge of arca
A,, where ¢ = mcan breadth of area A,)

h.e,t in [em], see Fig. 14.8.

Fig. 14.8
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The distance between the vertical webs should not
exceed 1,2 - h.

The radii in the rudder plating are not (o be less than
4 - 5 times the plate thickness, but in no case less than
50 mm. ’

1.5 It is recommended to keep the natural fre-
quency of the fully immersed rudder at least 10%
above the exciting {requency of the propetler (number
of revolutions x number of blades).

2. Rudder plating

2.1 The thickness of the rudder plating is to be
determined according (o the following formula:

1,74-a"/pR-k + 1, [mm]

t

P = 10T+ — (kN/m?2]
107 A
a = the smaller unsupported width of a plate
panel in [m].
g = corrosion allowance, sce Section 3, K.

The influence of the aspect ratio of the plate pancis
may be taken into account as given in Section 3, A.3.

The thickness shatl, however, not be less than the
thickness t, of the shell plating at the ends according
to Section 6, B.3.

2.2 For connecting the side plating of the rudder
to the webs tenon welding is not to be used. Where
application of fillet welding is not practicable, the side
plaling is to be connected by means of slot welding to
flat bars which are welded to the webs.

2.3 The thickness of the webs is not to be less
than 70% of the thickness of the rudder plating ac-
cording to 2.1, but not less than: :

tia = 8 vk {um]

- JyS—— . mean -

3. Transmitting of the rudder torque

3.1 For transmitting the rudder torque, the rudder
plating according 0 2.1 is to be increased by 25% in
way of the coupling. A sufficient number of vertical
webs is (0 be fitted in way of the coupling.

3.2 If the torque is t-ansmitted by a prolonged
shafl extended into te rudder, the latter must have the

i

diameter D, or Dy, whichever is gréater, at the upper
10% of the interscction length. Downwards it may be
tapered to 0,6 Dy, in spade rudders to 0,4 times the
strengthened diameter, if sulficient support is pro-
vided for, ‘

4. Rudder bearings
4.1 Inn way of bearings liners and bushes arc to be

fitted. Where in casc of small ships bushes arc not
fitted, the rudder stock is to be suitably increased in
diameter in way of bearings enabling the stock to be
re-machined later.

4.2 An adequale lubricatioiris to be provided.

4.3 The bearing forces result from the direct
calculation mentioned in C.3. As a first approxima-
tion the bearing force may be determined without
taking account of the clastic supports. This can be
done as follows:

I normal rudder with two supports:

The rudder force Cp, is to be distributed to the
supports accerding to their vertical distances
from the centre of gravity of the rudder arca.

2

semi-spade rudders:

- support force in the rudder horn;
B, =Ci-ble [N]

- support force in the neck bearing:
B,=Cp-B, [N]

For b and c sce Fig. 13.6 in Section 13.

4.4  The projected bearing surface Ay (bearing
height x external diameter of liner) is not to be less
than :

Ay = B [mm?] _

B = support force in [N]

q = permissible surface pressure according to
Table 14.2

4.5 Stainless and wear resistant stecls, bronze

and hot-pressed bronze-graphite materials have a.
considerable difference in potential «w non-alloyed
stecl. Respective preventive measures are required.
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Table 14.2
Bearing material q [N/mm?]

lignum vitae or synthetic material 95
of littie hardness ’
white metal, ol lubricated 45
synthetic material with adequate .
y 1.2 5.5
hardness ™
steel?, bronze and hot-pressed 70
bronze-graphite materials o

! Synthetic materials to be of approved type,

2 indentation hardness test to be carried out a1 23°C and
with 50% moistire according 10 recognized standards,
c.gr. DIN 33456,

3 Siainless and wear resistant stecl in an approved combi-
natior with stock liner,

Higher values may be taken for q if they are verified by test,

4.6 The bearing height shall be equal to the
bearing dizmeter, however, is not to exceed 1,2 times

the bearing diameter. Where the bearing depth is less '

than the bearing diamecter. higher specific surface
pressures may be allowed.

4.7 The wall thickness of pintle bearings in sole
picee and rudder hom shall be approximately ¥4 of the
pintle diameter.

5. Piniles

5.1 Pintlcs are to have scantlings complying with

the conditions given in 4.4 and 4.6. The pintle dia-
metcer is not 1o be less than:

d

035 /B~ k: {mm]

B, = support force in [N]
K sce Ad2
5.2 The !hiciﬁncss of ém_v hner or bush shall not be

less than:

t = 00l ‘[r‘@_l fmm)

bowint = Smm for metallic materials and
synthetic material

tyin = 22mm for lignum vitac

5.3 Where pintles are of conical shape, they

are to comply with the following

taper on diameter 1:8to 1112
" if keved by slugging nut,
taper on diameter  1: 121t 1:20
if mounted with oil injection and

hydraulic nut,

5.4 The pintles are to be arranged in such a
manner as to prevent unintentional loosening and
falling out.

For nuts and threads the requirements of D.4.1.5 and
4.2.2 apply accordingly.

6. -Guidance values for bearing clearances

For metallic bearing material™the bearing cicarace
should generally not be less than:

P 41,0 [mm]or 1,5 mm asaminimum
1600

d, = inner diameter of bush.

If non-retallic bearing materiai is applied, the bearing
clearance is i0 be specially determined considering the
material's swelling and thermal expansion properties.

F. Design Yield Moment of Rudder Stock

The design yield moment of the rudder stock is to be

determined by the following formula:
D 3
0,02664 —k—‘— {Nm]

3

Il

Qr

it

D, stock diameter in [mm] according to C. 1.

Where the actua! diameter D, is greater than the
calculated diameter D, the diameter D_ is to be used.
However, D, need not be taken greater than 1,145 D,

G. Stopper, Locking Device
1. Stopper

The motions of quadrants or tillers arc to be limited
ou cither side by stoppers. The sloppers and their
foundations conneeted to the ship's hull are to be of
strong construction so that the yicld point of the
applicd materials is not exceeded at the design yield
moment of the rudder stock.
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2. Locking device

Each steering gear is to be provided with a locking
device in order to keep the rudder fixed-at any po-
sition. This device as well as the foundation in the
ship's hull are to be of strong construction so that the
yield point of the applied materials is not exceeded at
the design yicld moment of the rudder stock as spe-
cified in F. Where the ship's speed exceeds 12 kn, the
design yield moment need only be calculated for a
stock diameter based on a speed vy = 12 kn.

3. Regarding stopper and locking device see
also Volume HI, Section 14,

H. Propeller Nozzles
1. General
1.1 The following requirements are applicable to

propeller nozzles having an inner diameter of up to 5
m. Nozzles with larger diamelers with be specially
considered.

1.2 Special attention is Lo be given to the support
of fixed nozzles at the hull struciure.

2. Design pressure

The design pressure for propeller nozzles is to be
determined by the fotlowing formula:

Pd = C'P4g {(kN/m?}
P = e [kKN/m?
Ay

N = maximum shaft power in kW]
A, = propeller disc arca in [m]

=N T
b TP
D = propeller diameter in [m)

©
!

= factor according to the following formula:

e=o,21-2-10‘43\l
AI’

£ = 0,10

min

¢ = 1,0in zone 2 (propeller zonc},
c = 0,5 in zones | and 3

c = 0,35 in zone 4.

see Fig. 14.9

' e
zone 3 min. b/4 zone 2 zone
Fig. 14.9

3. Plate thickness

3.1 The thickness of the nozzle shell plating is
not to be less than:

t =5~aJ5;+£K [mi-n]

Ly ™ 7,0 inm

a spacing of ring stiffeners in [m].

3.2 The web thickness of the intemal stiffening
rings shall rot be less than the nozzie plating for zone
3, however, in no casc be less than 7,5 mm.-

4. Section modulus

The section modulus of the cross section shown in
Fig. 14.9 around its ncutral axis is not to be less than:

W =n-d*-b- Vo fem?)

d = nner diameter of nezzle in [m]
b = length of nozzle in {m)

n = |,0 for rudder nozzles

n = 0,7 for {ixed nozzles.

S. Welding

The inner and outer nozzle shell plating is to be
welded to the intemal stiffening rings as far as
practicable by double continuous welds. Plug welding
is only permissibic for the outer nozzle plating.
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The tests are normally to be carried out from a‘tug,
however, alicrmative shore based tests (c.g. with
suitable winches) may be accepted.

Three Lests are to be carried out for cach anchor and
type of bottom. The pull shall be measurcd by means
of a dynamometer or:recorded by a recording in-
strument. Measurements of pull based on rpm/bollard
pull curve of the tug may be accepted. Testing by
comparison with a previously approved HHP anchor
may be accepted as a basis for approval.

The maximum of an anchor thus approved may be 10
times the mass of the large size anchor tested.

The dimensioning of the chain cable and of the
windiass is to be based on the undiministicd anchor
mass according to the Tables.

6. Where stem anchor equipment is fitted, such
equipment is to comply in all respeets with the rules
for anchor equipment, The mass of cack stern anchor
shall be at feast 35 per cent of that of the bower
anchors. The diameter of the chain cabics is to be
determined from the Tables in accordance with the
anchor mass. Where a stern anchor windlass is fitted

the requirements of Volume HI, Section i4, arc lo be

. observed.

D. Chain Cables

L. The chain cable diameters given in the Ta-
bles apply io chain cables made of chain cable ma-
terials specificd in the requirements of Volume V for
the following grades:

Cradc K1
Grade K 2
Grade K 3

{ordinary quality)
(special quality)

{cxtra special quality)

L. Grade K | material used for chain cables in
conjunction with "High Holding Power Anchors®
must have a (ensile strength R of not less ihan 400
N/mm?,

3. Grade K 2 and K 3 chain cables must be
purchased from the re-heat trealed by recognized
finms only.

4, The total length of chain given in the tables
is 1o be divided in approximately cqual parts between

the two bower anchors.

5. Either stud link or short link chain cables may
be uced for stream anchors.

6. For connection of the anchor with the chain
cable approved Kenter-type anchor shackles may be
chosen in lieu of the conunon Dee-shackles, A
forerunner with swivel is to be filted between anchor
and chain cable. In lieu of a forerunncr with swivel an
approved swivel shackle may be used.’ However,
swivel shackles are not to be connected to the anchor
shank unless specially approved. A sufficient number
of suitable spare shacklcs are to be kept on board to
facilitate fitting of the spare anchor at any time.

7. The attachment of the inboard ends of the
chain cabics i ihe ship's structure is to be provided
with a mecan suitable (o permil, in case of cmergency,
an casy slipping of the chain cables to sea operable
from an accessibie position outside the chain locker.

The inboard ends of the chain cables are to be secured
to the structures by a fastening able to withstand a
force not less than 3% nor mere than 30% ol the
raled breaking load of the chain cable.

E. Chain Locker

L. The chain locker is to be of capacity and
depth adequate to provide an casy direct lead of the
cables through the chain pipes, and scll-stowing of the
cables. The chain locker is to be provided with an
internal division so that the port and starboard chain
cables may be fulty and scparately stowed.

2. The chain locker boundarics and.their aecess
openings are to be walertight as nceessary to prevent
accidental flooding of the chain locker from damaging
cssential auxiliarics or equipment or aflfecting the
proper operation of the vesscl.

3. Adcquale drainage facilitics of the chain
locked are o be provided.

4. Where the chain locker boundaries are also
tank boundarics their scantlings ol stiffencrs and
plating are to be determined as for tanks in accor-
dance with Section 12,

Where this is not the case lhe plate thickness is to be
determined as for 1, and the section modulus as for
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W, accordance with Section 12, B.2. and B.3,

respectively, The distance from the load centre to the

chain locker top is 1o be taken for caleulating the load.

For the focation of chan lockers on tankers

)
Scetion 244, A Y s to be observed.

I, Moeoring Equipment
i. Ropes
1.1 The tow lines and mooring ropes specified in

the tables and the contents of the following sub-
paragraphs up to 1.6 are recomumendations only, a
compliance with which is not a condition of Class.

1.2 For tow lincs and mooring lings, stec! wire
ropes as well as fibre ropes made of natural or syn-
thetic {ibres or wire ropes consisting of steel wire and
fibr¢ cores may be used. The breaking loads! spe-
zified in Table 18.2 are valid for wirc ropes and ropces
of natural fibre (Maatila) onlv. Where ropes of syn-
thetic fibre are used. the breaking load 1s to be in-
creased above the table values The extent of increase
depends on the material quahi.

The required diameters of synthetic fibre ropes used
in hicu of steel wire ropes mav be taken from Table
181

1.3 Where the stream anchor is used in conjune-
tion with & rope. this is to be a steel wire rope,

1.4 Wire ropes shall be of the following type:

- Ebed wires (6 x 24) swith 7 ibre cores for break-
imng foads el up 1o 300 kN
(vpe:r Standard

- 210 wares (6 x 36) wilh | fibre core for breaking
loads of more than 500 kN
tvpe: Standard.

Where wire ropes are stored on mooring, wineh drums,
steel cored wire ropes may be used c.g.

- Ox 9 with | steel core
tpe: Seale

1) The term “Breaking Load™ osed throughout this
Section mesns the "Nomimal appregute breaking
Lond” .

- 6x36with | stee! core
type: Warrington-Seale.

"1.5 Regardicss of the breaking load, recom-

mended in Table 18.2, the diameter of {ibre ropes
should not be less than 20 nun,

1.6 The Iength of the individual mooring ropes
may be up to 7 per cent less than that given in the
table provided that the total length of all the wires and
ropes is not less than the sum of the indiviiual
fengths,

Table 18.1
Steel S.ynthctic Fibre ropes
a WIC Fopes
e Paly- Poly- | Poly- | Polypro-
ropes . i
amide’) | amide | ester | pylene
dia. din. dia, dia. dia.
[mm] [mm] fmmj | [mm} fmm]
12 30 30 30 30
13 30 32 32 32
14 32 30 36 36
i0 32 40 40 40
i 36 44 44 44
20 40 48 48
22 44 48 48 54
24 48 32 52 56
20 56 GO GO 64
28 60 64 64 72
32 68 72 72 8
36 72 80 80 83
40 72 bR h 96
I} according ta DIN 3068 of cyuivalent
2y Megular laid ropes of refined polyamide monotilaments and
(ilament Hbres.

Where mooring winches on large ships are located on
onc side of the ship, the fengths of mooring ropes
shoutd be increased accordingly.

For individual mooring fincs with a breaking load
above 500 kN the following alternatives may be
applicd:

A The breaking load of the individual mooring
lines specified in Table 18.2 may be reduced
with corresponding increase of the number of
mooring lincs, provided that the total break-
ing load of all lincs aboard ship is not less
than the rule value as per Table 18.2. No
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The tests are normally to be carried out from a tug,
however, allemative shore based tests {c.g. wilh
suitable winches) may be accepled.

Three tests are to be carried out for each anchor and
tvpe of bottom. The pull shall be measured by means
of a dynamometer or recorded by a recording in-
strument. Mecasurements of pull based on rpm/bollard
pull curve of the tug may be accepted. Testing by
comparison with a previously approved HHP anchor
may bc accepted as a basis lor approval.

The maxinmum of an anchor thus approved may be 10
tires the mass of the large stze anchor tested.

The dimensioning of the chain cable and of the
windlass is to be based on the undiminished anchor
mass according to the Tablcs.

6. Where stern anchor equipment is fitted, such
cquipment is to comply in all respects with the rules
{or anchor equipment. The mass of each stern anchor
shalfl be at feast 35 per cent of that of the bower
anchors. The diameter of the chain cables is to be
determined from the Tables in accordance with the
anchor mass, Where a sterm anchor windlass is filted
the requirements of Volums I, Scetion 14, are to be
obscrved,

D. Chain Cables

I The chamn cable diameters given in the Ta-
bles apply to chain cables made of chain cable ma-
terials specified in the requirements of Volume V for
the following grades:

Grade K1~ (ordinary quality)
Grade K 2 (special quality)
Grade K 3 (extra special quality)
1. Grade K | material used for chain cables in

conjunction with “High Holding Power Anchors"

must have a tensile strength R | of not less than 400
N/mm?, -

3. Grade K 2 and K 3 chain cables must be
purchased from the re-heat treated by recognized
{irms only.

4. The total leagth of chain given in the tables
is to be divided in approximately cqual parts between

the two bower anchors.

5. Either stud link or short link chain cables may
be used for stream anchors.

6. For connection of the anchor with the chain
cable approved Kenler-type anchor shackles may be
chosen in licu of the common Dec-shackles. A
forcrunner with swivel is to be fitted between anchor
and chain cable. In licu of a forerunner with swivel an
approved swivel shackle may be used. However,
swivel shackles are not to be connected to the anchor
shank unless specially approved. A sufficient number
ol suitable sparc shackles are to be kept on board to
facititate fitting of the sparc anchor at any time.

7. The attachment of the inboard ends of the
chain cables to the ship's structure is to be provided
with a mean suitable to permit, in case of emergency,
an easy slippirg of the chain cables to sea operable
from an accessible position outside the chain locker.

The inboard ends of the chain cables are to be sceured
to the structures by a fastening able to withstand a
force not less than 3% nor more than 30% of the
rated breaking load of the chain cable.

. Chain Locker

I. The chain locker is to be of capacity and
depth adequate to provide an casy direct lead of the
cables through the chawn pipes and sclf-stowing of the
cables. The chain locker is ¢ be provided with an
intemal division so that the port and starboard chain
cables may be fully and separately stowed.

2. The chain locker boundarics and their access
openings are Lo be watertight as necessary to preveal
accidental flooding of the chain locker from damaging
cssential auxiliarics or equipment or affecting the
proper operation of the vessel.

3. Adcquale drainage facilitics of the chain
locked are to be provided. :

4. Where the chain locker boundarics are also
tank boundarics their scantiings of stiffencrs and
plating arc to be delermined as for tanks in accor-
dance with Section 12,

Wliere this is not the case the plate thickness is to be
determined as for t, and the scction modulus as for
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Table 18.2 Aachor, Chain Cables and Ropes
Stk doas aociuer Srazd link chain caliles I econmnentdst ropies
e Strennt wire of
Moo | Byuipment Power anchar '1::':;'“:: Flawer anchoes chain for strenst Tawhing NMaouring ropes
far nuniral i anchor
Reg. Z 0
sarcicr
Nuwi-" Mass Total - LI - Or. | Nwm- | Hir,
trer ! per anchor length . : Length tomd? Liagth load? ber Langth load?
= d; dy dy
[k} [} [mun] { [mm] {nvn] [m] [N fml kv [m] {xN]
1 2 k] 4 s 6’ 7 8 9 10 . 12 i3 b4 is. | 16
§01 | uplos 50 2 110 4 165 t2.5 §2,8 12,5 £0 65 3¢ 100 3 80 35
162 S0- 70 2 13y 60 220 14 12,5 12,5 80 GS 180 100 3 h3(] 35
103 LN 90 2 pRii] 30 220 16 13 13 &S5 75 150 §00 3 100 10
104 So-  1i0 2 M0 [ 100 24,5 17.5 16 16 83 31} L8 1t 3 110 a0
- 103 le- 130 2 360§ 120 2475 19 17,5 1.5 0 90 ESO 100 3 114 45
106 130- 1504 2 a0 14 275 20,5 17.3 12,5 940 100 180 100 1 130 50
107 1s0- 178 2 50 155 175 23 19 19 90 110 130 100 3 110 35
108 §75- 208 2 S0 190 1025 24 20.5 0.5 90 120 (B0 (14 i 120 o0
09 05 240 1 60 02,5 26 212 b I T 180 130 4 124 65
110 240 - 280 k) 78 130 28 24 22 1RO 150 5 120 Kt
11 280- 320 3 200 3575 i0 26 24 150 175 B 140 80
112 320 360 3 1020 1575 32 28 2 L /G 203 4 140. £
113 Gt . 400 k] Fi40 1&5 34 30 26 180 225 4 146 95
114 - 450 3 1290 AR5 a6 32 28 150 150 4 140 100
115 45¢- 500 A 124407 4125 ag 14 30 180 275 4 14 LG
16 00 - S50 3 1390 4125 40 34 30 190 s 1 160 120
117 550. GUO 3 FEEV] 4310 42 36 32 190 M40 4 150 130
138 GUO T GGU R 1924 440 44 AN i 190 170 K 160 145
1192 66n- 720 3 2160 1) 46 <0 e i20 S M 160 160
130 720 - IR0 3 3t 1675 BE 42 36 190 Sad) 4 170 170
121 TR0 B0 3 3250 675 S0 44 ¥ 160 4%0 4 170 j85
122 K40 910 A ] 467.5 32 46 =0 126 S 4 170G 200
123 210~  9%G A IR0 495 54 <8 2 190G 560 4 170 23
HG QRO - I06U ki UGl <95 56 50 a4 200 600 3 W80 230
128 1060 - 1140 ! iin 495 58 30 <4 0 G458 4 HN 2503
126§ trag - 1220 3 afay 3225 G0 h¥) <5 200 6913 a4 184 70
127§ 1220001300 3 ATso 5225 G2 sS4 A% 200 TF4h) 4 189 285
12& § 1300 E39C 3 28y $22.5 4 56 50 200 78S H 53] 3035
129 | 1390 1480 1 W3 S50 66 53 40 20 815 B 180 323
130 F 1480- 1370 1 RV ] 350 G& G0 5z 130 £90 s 199 325
131 1570 1.6740. ! RTINS PSRN S ¥ 1) N P J | SRS B BB S . SRR POy [ SES J R FYR O K 1o 0 oy B . W
132 1670 - 1790 3 il 5778 73 64 56 220 128 5 190 50
§3% ] 1790 - 1220 3 N a19] 5775 76 da 58 2 1150 S 120 375
114 1930 - 20180 ) (LY 37715 ' (34 G 229 P70 5 190 160
138 k. 2230 i iy G605 % H 62 240 1260) 3 200 423
336 ] 2230 2380 3 Goug 60% $4 T3 R 1 a6 | o1ass 3 20 450
137 ¢ 2280 - 2530 3 KRR ans 87 76 06 240 1358 s 200 R0
tag | 250a- 2700 A &L 63257 90 ¥ R 260 i470 G 200 480
L0 2700 - 2870 3 {30 6125 92 [ kL) 260 1470 1 200 490
140 | 2NTG - 2030 B [T 6125 DA BE] 72 260 7] 1470 G 200 00
id1 kg - 3204 1 FRULH 664} a7 o 70 0 1470 G UG 520
142 | A210 - 3400 ki gl 66U 100 a7 78 PR3] N 6 200 558
143 Aaii - 60k 1 [RisIl] GhHl 142 U S 80 1470 O 20 590
Pad 1 aeho . 3RO K IRRLLY G87.% ik 02 ®1 RI{iH 1170 ] 200 [ ]
145 RENCIUIPR #1] ¢ A {tial [N 7 95 83 a0 1470 G Hin 650
PAG | A0 - 200 ] 12un! aX7.5 ) 111 Y7 &7 Rl 1430 7 200 630
127 b 4200 - 430G 1 i 718 P4 0 %7 Ry 1170 7 200 GOl
an | 4400 6o 3 1is00 15 17 102 w0 ang 14%0 7 igt} &70
149 dnnft - 800 L] 12100 718 120 1035 Y1 RIH 117} 7 30 GXO
1580 F 4RG0 - 5000 1 §a7in 7425 122 10? 95 anu 14710 3 20 [3)
18l sU04 - A2un k) 18360 FERR] 124 1514 a2 M 13708 £ UK &S
152§ 52060 - s 3 161 .8 127 111 97 auh (BN N a0 [
P83 SSIMy - SROG ! L6GE 12,5 130 11 100 ) 1470 S My EI]
154§ AsDO - G100 K 17800 7451 132 1i7 102 e IRt ¥ 00 F{)
PAS | GIOD - G500 B LRRO4 7458 12 147 300 1470 Y 200 i8S
156 | 6500 - 6900 i 200 T 124 14 00 1470 Y el #) FER
157 1 6o Taon) ) F1 50 770 127 1ia i § 1T i 2 725
1sx 1 7a00- 000 3 230G TH) 112 117 ann | o1an i 200 72
180 | eh- sd00p 3 23500 770 127 122 g | 1 il HIO A,
160 Q00 - K00 3 26000 L] f42 127 aan 1330 12 204 T3,
6L f 00 - 9a0u 3 I78MI 770 147 112 hitlH} 1470 [ 20 715
162 9400 - 10000 R 5008 170 152 §22 RG] §470 14 plile} 735
163 Haous - 16700 K] 31600 770 137 aon 1470 15 ity T35
6 10700 - F1S00 3 A304L0 71 112 300 1-170 I pllt} FES)
165 FH1SOG - 12100 1 A5500 770 147 i 1970 17 200 718
L6 12400 - 13100 R! RERI] 770 152 00 1470 1% 200 735
167 53400 - L4600 A 42000 770 157 M) 1470 19 0 AR
168 14600 - 16000 3 26000 M) 162 J . RO 1474 ] b} 200 735
dy = Chaia dinmeter Grade K (Ordinary quality) ! see C1L
dy = Clain dlameter Grade K2 (Speeial quality) See alsu 13 : see 1.2
& = Clisio diameter Grade K3 (Extea special quality)
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=05 +d + d,) W %21" [+ 2w !

w W
(10)

In case of web undercut, W in formula (10) is to be
replaced by:

W* o= 05 (2-W-T- Ty (n
In the case of semi-buili crankshafis in accordance with

part D, the value dy, under the root sign only in formula
(10) is to be replaced by:

d.* = 143 (de- d) + d, (12)

In case of web undercut, W* is also to be substituted
for W in accordance with formula (11}

Where there is a positive pin/journal overlap (s = )
according to part C, the value W in formula (10) is to
be replaced by:

L r T
o -V(w ST TR {05 (¢ + H]-\ (13)

For the conventional designs, where

B/d. = 1,37 1o §,51 in the case of solid-Torged crankshafs,
and

B/d, = 1,51 to 1,63 in the case of semi-built crankshaits,

the influence of B in the normal calculation of rg is
aiready taken into account in the values of £ in
Fig. 2.9.

Where the values of B/dy, depart from the above {e.g.
in the case of discs, oval webs cte.), the altered stiffening
effece of B is to be allowed for by a fictitious web thick-
ness W**, which is to be calculated by applying the
following equations and is to be substituted for W in
formuta (10): . ’

F—————y
4 ' .
Wer = W . %’{%_ - 0,44 For solid-forged (14)
w crankshafts
%’}B f i-built
yer = W LW L0857 or semi-bui (15)
v d. crankshafts

Pari C:

Approximate Calculation of the Starting Air Supply

1. Assuming an initial pressure of 30 bar and a final
pressure of 9 bar in the starting air receivers, the pre-
liminary calculation of the starting air supply for a rever-
sible main engine may be performed follows:

I—

J =a. i}?f. (z + bepeenp + 0,9 Vypc-d {16}
where

J (dm:]  total capacity of the starting air receivers
D '[mm} cylinder bore
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H {mm] stroke

V. [dm?]  swept volume of one cylinder (in the case
of double-acting engines, the swept volume

of the upper portion of the cylinder)

Pewn  [bar)  maximum permissible working pressure of
the starting air receiver
z (-1 number of cylinders
e mean effective working pressure in cylinder

al rated power

The following values of "a’" are to be used:

For two-stroke engines: a = 0,696
For four-stroke engines: a = 0,618

The following values of ""b" are to be used:
For two-siroke engines: b = 0,059
For four-stroke engines: b = 0,056
The following values of ’c'” arc 10 be used:

c = 1,0 For single-shalt propulsion plants wherc
one engine acts on the shaft direcily or via

gears,

(9]
1
1~

o

For single-shaft propulsion plants where
two identical engines act on the shaft via
a gear transmission and cannoi be coupled
and uncoupled in service.

For single-shaft propulsion plants where
{wo identical engines act on the shafy via
a gear transmission and couplings which
can be engaged and disengaged in service.

For two-shaft propulsion plants where each
engine acts on the corresponding shaft
directly or via gears.

For two-shaft propulsion plants where two
identical engines in each case 2ct on the
corresponding shaft via a gear transmission
and cannot be coupled and uncoupled in
service.

For two-shaft propulsion plaats where two
identical engines in each case act on the cor-
responding shaft via a gear transmission
and couplings which can be engaged and
disengaged in service.

For four-shaft propulsion plants where
each engine acts on the corresponding shaft
directly or via gears.

Where the arrangement of the main propuision plant
differs from the above, the value of *'¢”’ is to be agreed
with the Society in each individual case.

For installations with electrical propeller drive, "¢ is
to be given the value specified in 2.2.

The foliowing values of ""d'* are to be used:

d = 1, where P = 30 bar

4 = 0,0584 o
1-¢c(©11-0,55-nP )

e, mp

where P

c,mE

# 30 bar, if no pressure-reducing valve is fitted.

e (-} Euler’s number (2,718....)

If a pressure-reducing valve is fitted, which reduces the
pressure P, to the starting pressure Pa: then the
value of '’d'* shown in Fig. 2.12 is to be used.

The following values of n_ are to be applied:
0,06 -0, + I4

Ty where ng, = 1000

n, = 0257 n,- 176 where 1, > 1000
n, [min!] = rated speed
2. Starting air supply for plaats with non-reversing

engines

2.1 For each non-reversing main engine which drives
a controliable pitch propeller or where starting is pos-
sible without resisting torque, the calculated supply of
starting air may be reduced to 0,3 J, although it may
not be less than that required for six starts.

2.2 Where diesei-electric propellef ~drive is installed,
2 in formula (16) is to be given the foilowing values
according io the number of generators n:

Table 2.14

o
-1
(<]

\ o i 2 3 4 5

< (0,30 | 0,60 | 0,84 1,03 |1,26]1,38 11,44 1,50

This assumes prime movers having the same dimensions
and the same number of eylinders. Where the dimen-
sions and numbers of eylinders differ, the vaiues of 'e”
are te be interpolated accordingty.

3. Starting air supply for auxiliary engines on-
turbine ships
The supply of starting air is to be calculated according

to formula (16). The value of ’¢’’ to be used depends
on the number of auxiliary engines:

¢ = 0,30 for 1 auxiliary engine
¢ = 0,45 for 2 auxiliary engines
¢ = 0,60 for 3 auxiliary engines
c = 0,75 for 4 auxiliary engines or over

For engines with different numbers of cylinders and/or
main dimensions the values of ’¢’" are to be interpolated
accordingly.
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Sectiton 4

Main Shafting

A. General

1. Scope

The following Rules apply 1o standard and established
types of main shafting. Novel designs require the So-
ciety’s special approval.

In the case of ships wiih ice classes, the strengthening
factors given in Section 13 arc to be complied with, The
Socicty reserves the right to call for propeller shaft di-
mensions in excess of those specified in this Section if
the propeller arrangement results in increased bending
stresses.

2. Documents for approvat

General drawings of the entire shaflting, from the main
engine coupling {lange to the propeller, and detail dra-
wings of the shafts, couplings and other componcnt
parts transmitting the propelling engine torgue, are each
to be submitted to the Sociciy in triplicate!) for appro-
val. The drawings must contain all the data necessary
1o cnable the stresses to be evaluated.

o MMaterinls

b, Approved materials

ropeiler, intermediate and thrust shafts together with
flange and clamp couplings are 10 be made of forged
steel; where appropriate, couplings may be made of cast
steel. Roiled round steel may be used for plain, flange-
fess shafts.

In general, the tensile strength of steels used for shaf-
ting shall be between 400 N/mm? and 800 N/mm?.
However, for propeller shafts the value or Ry used for
calculating the material factor Cy in accordance with
formula (2) shall not be greater than 600 N/mm?2.

Where in special cases wrought copper alloys resistant
to seawater are to be used for the shafting, the consent
of BK1 shall be obtained.

2. Testing of materialg

All component parts of the shafting which assist in
transmitting the torque from the ship’s propulsion plant
are subject to the Society’s Rules for Materials and must
be tested. This requirement also covers metal propeller
shaft liners. Where propeller shafts running in scawa-
ter are protected against seawater penetration not by 2
metal liner but by plastic coatings, the coating techni-
que used must be approved by the Society.

1} For Indonesian flag ships in quﬁdruplicalc, one for Government.

C. Shaft Dimensions

1. General

All parts of the shafting arc to be dimensioned in ac-
cordance with the following formulac in compliance
with the requirements relating to critical speeds set out
in Section 16. The dimensions of the shafiing shall be
based on the total installed power. Where the geome-
try of a part is such that it cannot be dimensioned in
accordance with these formulae, spectal evidence of the
mechanical strength of the part or parts concerned is
to be furnished (o the Society.

2. Minimum disnmeter

The minimum shaft diameter is (0 be determined by ap-
plving formula (1).

d [tnm]  required vutside diaumeier ol shiaft

i} [mm]  diameter of shaft bore, where preseat, |f

the bore in the shaft is = 0,4 - d, the

cxXpression
d. H
| - (_1_ = 1,0 may be applied
d‘d
d, [mm! actual shalt diameter
Py tkW]  rated power transmitted by shafi
n {min'] rated shaft speed
F [-] Tfactor for the type of propulsion
instaliation
a) Intermediate and thrust shafis
= 95
for turbine installations, engine
installations with slip couplings and electric
propulsion .installations
=100
cor all other propulsion installations
b) Propeller shafts
= 100
for all types of installations
Cy [-] material factor
560
= : 2)
R, + 160

R_ [N/mm?] tensile strength of the shaft material

.m
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k =

1,20

1,26

for

for

for

for

for

for

for

ice class strenpthening factor in accordance
with Section 13

= 1,0
for machinery with no ice class

factor for the type of shalt

intermedizte shafis

with integral forged coupling flanges

or

with shrink-fitted keyless coupling
flanges

intermediate shalts

where the coupling flanges are mounted on
the ends of the shaft with the aid of keys.
Al a distance of at least 0,2 - d from the
end of the keyway, such shafis can be

reduced (o 2 dimmeter corresponding 1O
k = §,0.

intermediate shafts
with radial holes whose diameter is not
greater than 0,3 - d.

thrust shaflts

near the plain bearings on cither side of the
thrust collar, or near the axial bearings
where zn antilTiction bearing design is used.

intermediare shafts

designed as multi-sphined shafis where d is
the outside diameter of the splined shaft.
Qutside the splined section, the shafts can
be reduced to a diameter corresponding to
k= 1,0

intermediate shafls 4

with longitudinal slots where the length and
witdh of the slot do not exceed 1,17 - d
and 0,25 - d respectively.

propelier shafts

from the area of the aft stern tube or shaft
bracket bearing to the forward ioad-
bearing face of the propeller boss subject
to a minimum of 2,5 - d, if the propeller
is shrink-litted, without key, on to the
tapered end of the propeller shaft using a
method approved by the Society, or if the
propeller is bolted to a flange forged on the
propeller shaft, the propeller shaft runs in
oil.

propeiler shafts

in the area specified for k = 1,22, if the
propeller is keyed to the tapered propeller
shaft and the propeller shaft runs in oil,
and also for water-lubricated propeller
shafts which are protected against the
penetration of scawater in accordance with
D.3.2,

k = 1,40 for propeller shafis
in the area specified for k = 1,22, if the
shaflt inside the stern tube is lubricated with
grease.

k = 1,I5 for propeller shafts
forward portion of shafts to wheee they
emerge from the stern tube. The portion
of the propelier shaft located forward of
the stern tube can be reduced to the size of
the line shafi.

D. Design

-

i. General

Changes in diameter arc to be eflected by tapering or
ample radiusing. For intermediate shafts, the radius at
forged flanges is to be at least 0,08 - d [mm], that at
the aft propeller shaft flange at feast 0,125 + d [mm].

2. Shaft tapers and propeller nut threads

Keyways in the shaft taper for the propeller should be
so designed that the forward end of the groove makes
a gradual transition to the full shaft section. In addi-
tion, the forward end of the keyway should be spoorn-
shaped. The edges of the keyway at the surface of the
shaft taper for the propeller may not be sharp. The for-
ward end of the keyway must lic well within the seating
of the propelier boss. Threaded holes to accommodate
the securing screws for propeller keys should be loca-
ted only in the aft half of the keyway (see Fiz. 4.1).

In general, tapers for securing flange couplings should
have a conicity of between [ : 10 and 1 7 20. In the case
of shaft tapers for propellers, the conicity must be bet-
ween ! : 10and 1 : 15. Where the oil injection method
is used to mount the propellef on its shaft, a degree of
conicity between 1 : 15 and 1 : 20 is to be preferred.

The outside diameter of the threaded end for the pro-
peller retaining nut should not be less than 60% of the
calculated major taper diameter.

3. Propeller shaft protection
3.1 Sealing

Propeller shafts running in oil or grease are to be fitted
with seals of proven efficiency and approved by BKI
at the stern tube ends. The propeller boss seating is to
be effectively protecied against the ingress of seawater.
The seal at the propeller can be dispensed with if the
propeller shaft is made of corrosion-resistant material.

3.2 Shaft liners

3.2.1 Propeller shafts which are not made of corro-
sion-resistant material and which run in seawater are
to be protected against contact with seawater by sea-
water-resistant metal liners or other liners approved by
the Society and by seals of proven efficiency 1t the
propeller.

3.2.2 The metal liners of propelier shafts running in sea-
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Section 6

Propellers

A. General

1. Scope

These Rules apply to screw-propellers. Where a design
is proposed to which the following Rules cannot be ap-
nlied, speciai strengih calculations arce to be submitted
to the Society. The tesis to be carried out in each case
are to be agreed with the Society. For the dimensions
and materials of propeliers for ships with ice classes,
see Section 13

2. Documents Tor approval

Design drawings of propellers are 1o be submitted to
the Society in triplicare® for cxamination. Drawings
are to contain all the details necessary to verify com-
pliance with the following Rules.

B. diaterials

1. Approved materials

Propeliers are 10 be made of sciwater-resistant cast cop-
ner allovs or cast steed allove with 2 minimuem tensile
strength of 440 N/7mm®, ¢f, Volume V Rules for Ma-
terials, Section 9, Part C, and Scction 6, Part € and
. For the purpose of the following design Rules go-
verning the thickness of the propedler blades, the requi-
site resistance (0 seawater of @ cast copper alloy or cast
steel atloy is considered to be achieved il the ziloy used
can be proved to withstand a fatigue test? under alier-
nating bending stresses comprising 105 load cycles
amouniing to about 20% of t(he minimum tensile
strength and carried out in a 3% NaCl soluiion, and
il it can be proved that the futigue strength under alter-
nating bending stresses in natural scawater is not less
than about 65% of the values established in 3% NaCl
solution.

Grey cast iron with a minimum tensile strength of 250
N/mm? (GG 25 to DIN 1691) should be used only for
spare propellers for short periods of service, and unal-
loyed or low alloy cast stecls are primarily to be used
only for navigating in icy waters, cf. Volume V.

2. Materials for blade retaining-bolts and studs

Unless protected against contact witls seawater, the
blade-retaining bolts or studs of assembled or control-
lable pitch propellers must likewise be made of mate-
rials which are resistant to seawater.

3. Novel materials,

Where it is proposed to use propeller materials whose
1) For Indonesian flag ships in quadruplicate, one for Government,

serviceability is not attested by a sufficient period of
practical experience, the Society must be provided with
special proof of the suitability of such materials.

4. Material testing

The material of propeliers and blade-retaining bolts or
studs is 1o be tested in accordance with the Society’s Ru-
les for Materials.

C. Dimersions and Design of Propellers

1. Symboels and terms

A [mm?®]  Effective arca of a shrink fit
B {mm] Developed blade width of cylindrical
sections at radii 0,25 R, 0,35 Rand 0,6 R
¢ [ -] Coefficieat Tor shrunk joints
= |0
for engine and turbine gear transmissions
\,2
for direcs drives
C. €, [-} lee cluss strengihening  factors in
accordance with Section 13
= 1,0
for machinery with no ice class
Cg { -] Size factor in accordince with fornuls (2)
C [-] Dyaamic factor in accordance with formula

(3)

Characteristic value for propeller material
as shown in Table 6.1 {corresponds (o the
minimum tensile strength R of the
propeldler material where (his has been
shown 10 possess sufficient fatigue strength
under alternating bending stresses in
accordance with paragraph B.1.)

Conicity of shaft ends

difference in taper diameter

length of taper

Bolt-hole circle diameter of blade or
propeller-fastening bolts

d fmm}

[=1

. f[mm] Root diameter of blade or propeller-
fastening bolts

D fmm] Diameter of propeller

=2+R

2} Sufficient fatigue strength under aiternaling bending stresses must
be proved by a method recognized by the Society. See also Sec-
tion F.2. of the Sociely's ""Regulations for the Determination of
Dynamic Stresses on Propellers’, December, 1971
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Table 6.1 Characteristic values C,, for propeller

nutferials
Material Description D C.
Cu 1 Cast manganese brass 480
Cu 2 Cast manganese nickel brass 500
Cu 3 Cast nickel aluminium bronze 660
Cu 4 Cast manganese aluminium bronze 620
Fe ! Unalloyed cast steel 380
Fe 2 Low-alloy cast steel 380
Fe 3 Martensitic cast chrome 600
steel 13/1-6
Fe 4 Martensitic-autenitic cast 600
steel 17/4
Fe 5 Ferritic-austenitic cast 600
stecl 24/8
Fe 6 Austenitic cast steel 18/8-11 500
Fe 7 Grey cast ivon : 200
)For the chemical composition of the alloys, see the Society’s Ru-
{es for Materials and Reguiations for the Assessment and Repair
of Defects on Propellers.

d, [mm]
¢ mm]
E, [~1]

rrfl-rarfs {' ]

FM (N]
B {mm]}
H, fimm])
! [-1
k £-1
k! [-]
Ky (-1
L fmmn]
L [mm]
Lmf.\ch. [mm]

Mean taper diameter

Blade rake to aft

= R - 130 ¢

Thrust stimulating factor in accordance
with formuia (3)

Factors in formulae (11), (2}, (4) and (3)
Bolt load

Propelier blade face pitch at radii 0,25 R,
0,35 Rand 0,6 R

Meun cltective propeller pitch on blade
face [or pitch varying with the radius

C(R-B-H)

ST(R-D)

in which R, 8 and H arc 10 be substituted
by values corresponding 1o the pitch at the
varicus radii.

Pegeee ol advance

Coefflicient for various profile shapes in
accordunce with Table 6.2

Coefficient ¢aleulated by applying formula
(6) where use is made of profile shapes
other than those given in Table 6.2
Thrust coefficient

2/3 of the leading-edge component of the
blade width at 0,9 R, but at least 1/4 of

the total blade width at 0,9 R for propellers
with heavily raked blades.

Pull-up length when mounting propeller on
taper

Pull-up length at 1=35°C

Ltcmp. [mm]
n, {min']
Py 13

D (N/mm?

Q {N}
5 [-1
t fmm]
T [N}
T, [Nm]
v fknl
w (-]
W frmy]
Z {-1]
z [-]
o {-1
o, -1
B, (-1
B, (-1
€ [-1
o -]

Temperature-related portion of pull-up
length at t < 35°C

Propeller speed in rev/min
Shafl power

Specific pressure in shrunk joint between
propeller and shaft

Peripheral force at mean Laper diameter

Margin of safety against propelier stipping
on taper = 2,8

Maximum blade thickness of developed
eylindrical section at radii 0,25 R, 0,35 R
and 0,6 R

Propelier thrust

[mpact moment

Speed of ship

Wake factor

Actual face moduius of developed

evlindrical section referred to face blade
pitch profiles about blade piich line

Total number of bolis used o relain one
blade or propeller

Number of blades

Pitch angle of prqfilc at radii 0.23 R, 0,35
Rand 0,6 R

1,27 - K
@y, = AC fan —————
D
091 -H
Q4 = @FC tan ——————
D
0,53 - H
&, g = Arc tan ——————
0.50
D

Tightening factor for retaining bolts. and
studs

= 1,2 - 1,6 depending on the method of
tightening used.

Factor for the section modulus of
devéloped cylindrical seciion about blade
pitch line Tor biade profiles in accordance
with Table 6.2

Factor for the section modulus of
developed cylindrical section about blade
pitch line for blade profiles other than those
in Table 6.2

Angle included by face generatix and
normal

Half-conicity of shaft ends

C
2.
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- mas

- = f,-E; + | where (4)
. o
K I
E, = LI G)
3 K,

= 43.10° Vgrmy - (I~ w) D

o

f, = 0,4-006

for singic-serew ships, the lower value
applying 10 stern shapes with a wide
propeller tip clearance and no rudder hecl,
and the larger value {0 sterns with lietle
clecarance and with rudder heel.
Intermediate values are o be sclected
accordingly.

= 0,2
for twin-screw ships

i = 02
for propetler materials which satisfy the
requirements of 3.1,

2.2 The blade thicknesses of controllable pitch prone!-
lers are 1o be determingd at radii 8,35 R and 0,6 R by
applving formula (1).

For the centrollable pitch propellers of wugs, trawlers
and special-duty ships with similar operating conditions,
the diameter/pitch ratio 13/H,, for the maximum sta-
tic bollard pull is 1o be vsed in Formula ().

[For other ships, the diameter/pitch raiio DAH,, appli-
cable to open-water navigition can be used in formula
(.

i

1.3 The blade thicknesses caleulated by applying for-
mula (1) are minima for the finish-machined propellers.

2.4 The fitlet radii at the transition from the face and
the back of the blades to the propeller boss should cor-
respond, in the case of three and four bladed propel-
lers, to about 3,5% of the propeller diameter. For pro-
pellers with a larger number of blades the maximum fil-
let radii allowed by the propelier design should be ai-
mazd at, and the radii shall not in any case be made smal-
fer than 0,4 = t5.

2.5 For blades of special shape, special mechanical
strengh caleulations are to be submitted to the Society

as evidence that the propeller blades are adequateiy
dimensioned.

For profile shapes other than those given in Table 6.2,
the following condition applies: )

where

) B: W
k= K ‘E and g = :
8! 2. B

6

Table 6.2 Values of k for various profile shapes

Values of k

Profile shape
P 025 R| 0,35 R |06 R

Segmental Profiles with

. 73 62 44
circular arced back,

g, = 0,i2

Seagmental profiles with

parabolic back, 77 66 47

g.= 0,11

Blade profiles as lor
Wageningen B Series
nropellers where 66 43
Bevas = 010, Bigse= 0,11

3 -
“’s{],ﬁ = 0||2 .

Notes :

The Soeiery reserves the right wo specily an increase inthe
values of % ia the case of special propeliers where the

1

!

plade width B at (.25 K ie <8 - [, !
;

i

. Countrollable Pitch Propellers

1. Documents for approval

In the case of controllable pitch propellers, besides the
design drawings of blades and propeller boss, general
and secticnal drawings of the entire controllable pitch
propeller installation are to be submitted to the Society
in triplicate), Diagrams of control systems and pipe-
work are (o be accompanied by a functional descrip-
tion. For new designs and controllable pitch propellers
which are 1o be installed (or the first time on ships with
a BKI clusg, a description of the controllable pitch pro-
peller system is o be submitted at the same time.

2. Testing of materials

In zddition to the material tests specified in B.4, the So-
ciety reserves the right to require component parts of
the pitch-adjusting mechanism including, in particular,
those which are not accessible for shipboard repairs, to
be tested in accordance with the Rules for Materials.
Piping subject to pressure above 10 bar is to be tested
in accordance with Section 11.

3. Hydraulic control equipment

Where the pitch-control mechanism is opcratn_ad hydrau-
lically, two mutually independent, power-driven pump
sets are to be fitted.  For propulsion plants up to
200 kW, one power-driven pump set is sufficient pro-

I} For Indonssian fiag ships in quadruplicate, one for Government.
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vided that, in addition, a hand-operated pump is fitted
for controlling the blade pitch and that this enables the
blades to be moved from the ahead to the asiern posi-
tion in a short enough time.

4.  Pitch control mechanism

For the pitch-control mechanism, proof is reguired that,
when subjected to impact momenes T,, as defined by
formula (7), the individual components still have a sa-
fewy factor of 1,5 with respect 1o the yield strength of
the materials used.

0,65 - 105 R, g, Py » 1y - Cgp® + ¢

n,-7-

Cw-D

5. RBlade retaining bolts and studs.

5.1 The root diameter of the bolts or studs used Lo
attach blades is 10 be determined by applying formula

(8):

t 1,78 - §f—— (3)

} 0,28 + 107 - By o+ Py, - Cpp® + G2 v
o=
'“ nyez-7-Cy-d

5.2 The blade retaining bolts or studs are to be tighte-
ned in a controlled manner in such a way that the ten-
sion on the bolt or.studs is about 60-70% of their yield
strengtit,

The shank of blade retaining bolts or nuts may be de-
signed with a minimum diameier equal to 0,9 times the
root diameter of the thread. Blade retaining bolts must
be secured against unintentional loosening.

6. Indicators

Controllable pitch propeller systems are 1o be provided
with an engine room indicator showing the actual sei-
ting of the blades. Further blade position indicators are
10 be mounted on the bridge and in the engine room
(see also Volume VII, and Volume IV, Section 8).

7. Failure of control system

Suitable devices are to be fitted to ensure that an alte-
ration of the blade setting cannot overload the propul-
sion plant or cause it to stall.

Steps must be taken to ensure that, in the event of fai-
lure of the control system, the seiting of the blades.

— does not change or

— assumes a final position slowly enough to allow the -

emergency control system to be put into operation.

8. Emergency control

Controllable pitch propelier systems must be equipped

with means of emergency control enabling the control-
lable pitch propeller to remain in operation should the
remote control system fail. It is recommended that a
device be fitted which locks the propeller blades in the
'ahead" setting.

E. Balancing and Testing

1. Balancing

The finished propeller and the blades of controilable
pitch propellers are required to undergo static balancing.

2. Testing

The finished propeller is to be presented at the manu-
facturer’s works to the BKI1 Surveyor for final inspec-
tion and verification of the dimensions. With regard o
the assessment and the repair of defecis on propellers,

.see the Society’s Regulations for the Assessment and Re-

pair of Defects on Propellers.

The Society reserves the right to require non-destructive
tests 10 be conducted 1o detect surface cracks and casting

- defecis.

[n addition, controllabe pitch propeller systems are re-
quired to undergo pressure, tightness and operational
tests.

F.- Propeller Mounling

1. Tapered Mc&nlings

1.1 Where the tapered joint between the shaft and the
propeller is fitted with a key, the propeller is 1o be moun-
ted on the tapered shalt in such o way that approxima-
tely the mean torque can be traasmitied from the shalt
to the propeller by the frictional bond. The **Referen-
cc data for the mounting length of keved ships's pro-
pellers’ issued by the Society can be used as a basis here.
The propeller nut is to be secured in a suitable manner,

1.2 Where the tapered fit is effecied by the hydraulic
oil technique withour the use of a key, the necessary
pull-up distance on the tapered shaft is given by the
expression.

L =

Loesn, + L (10)

eing,
where L ... is determined according to the formulae of
elasticity theory applied to shrunk joints for a specific
pressure p [N/mm?] at the mean taper diameter found
by applying formula (11} and for a water temperature
of 35°C%. - .

T Q?
——'[\,1_-!- f(cl-ccﬁ-w + ])-I] (11}
T!

p=
A-0-f

1} Where appropriate, allowance is also (o be made for surface
smoothing when calculating L.

2) The van Mises's equivalent stress based on the maximum speeific
pressure p and the tangential stress in the bore of the prapelier
hub may not exceed 75% of the G,2% proof stress oF yiel! strength
of the propeller material.



Ko+ %+ K, + Cg - Cpp - Coy, 0
¢ - cose n,
1+ +
H 15000

k as in Table 6.2

!

D -
Py - 10% {2 ——— «cose 4 smu)
oM

m

n,-B-z.C, -coste’
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i [-] Coefficient of static friction L [-1 Size factor
= 0,13 ) f,+ D
for hydraulic oil shrunk joints 1,1 = ¥———————— > 0,83 A}
= 0,18 12,2
for dry shrunk joinls
R, (N/mm?]  0,2% proof stress of propeller material I to be inserted in [m
R, [N/mm? Yield strengths f, = 7,2 for solid propellers
R [N/mm?] Tensile strength of the material of fitted . .
" bolts or bolts = 6,2 for separately cast blades of variable-
pitch or built-up propellers
6., 79, [-1 Ratio of maximum to mean stress at blade
face Cep [-] Iceclass strengthening factor in accordance
with Section 13
2, Calculation of biade thickness o
=1,
. 2.1 A‘t radii 0,25 R and 0,6 R, .th.e blade thif:knesses for ships without ice class
of solid propellers must, as 2 minimum requirement,
comply with formula (1). Copn -] Dynamic factor

=V(am/ o -1) + f, -
05 + I
Uﬂl:l‘(
for - > 1,3

o... / 0, can be roughly caiculated from the (h-usi-
suimulating factor ET according to formula {3). (For a more

wccurate caleulation of o

/ o sce the ""Regulations for the

L HES

Determination of Dynamic Stresses on Propeilers, 1971773

Fig. 6.1 Blade Sections

curve of maximm
__biade  thickness

i ——
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P .=

I-ln k]
where [ = - 1= 10 (123
S-0

Come. = 2 - 6-10°-05-0 (i3)
) C

{ [°C) The temperature at which the propeller is
mounted.

Lemp. 2Pplies only to propellers made of bronze and
ausicnitic steel,

‘T'he tapers of propellers which are mounted on the pro-
peller shaft with the aid of the hydraulic oil technique
should not be more than 12 15 or tess than | 20.

The propeller nut must be stirongly secured to the pro-
petler shaft.

2. Flange conncctions

TFor propellers attached by flanges, the root diameter
d; of the retaining bolts or studs is to be determined by
applying formula (8). In this formula, the bolt force
¥, shall not be less than that defined by formuia (14).

o b
£ - 0,28 - 10° . Rpo,z'Pw'Csp oCGI-S (14)
M n,-z-Z-d-C,

Safety factor

drl 2
= 2-03—} =z I,5
d!’

{-1] Ratio of the actual and required diameters
of any sct pins to formula (3) in Section 4.

S [-1]

———
ja% l =%
= {arn
"-.._._’_/
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connected in series, the intermediate pipe is to be fitted
with a drain.

5.1.3 Each feedwater pump is 1o be [itted with a
shutoff valve on the suction side and a screw-down non-
reiurn valve on the delivery side. The pipes are to be
so arranged that each pump can supply each {eedwater
line.

5.2 ¥Fecedwater lines for auxiliary steam producers
(auxiliary and exhaust gas boilers)

3.2.1 The provision of only one feedwater line for
auxiliary- and exhaust gas boilers is sufficient if the
preheaters and avtomatic reguliting deviees arce fitted
with by-pass lines.

5.2.2 The requirements in 5.1.2 are to apply as

appropriate to the valves required o be fitted 1o the
boiler inlet.

3.2.3 Continuous {low boilers need not be fitted with
the valves required according to 5.1.2 provided that the
heating of the boiler iz awtomatically switched off should
the feedwater supply Tail and that the feedwater pump
supplies only one boiler.

6. Boiler water circulating systems

6.1 Each ferced-circulation boiler is to be equipped
with two circulating pumps powered independently of
cach other. Failure of the circulating pump in operation
is to be signailed by an alarmi. The alarm may only be
switched off is a circulating pump is siarted or when
the boiler firing is shut down.

P

cach boiler is sufficient if:

a) The boilers are heated only by gases whose tempe
rature does not exceed 400°C or

b) a common stand-by circulating pump is provided
which can be connected to any boiler or

c) the burners of oil or gas fired auxiliary boilers are
so arranged that the are automatically shut off
should the circulating pump fail and the heai stored
in the boiler does not cause any unacceptable
evaporation of the available water in the boiler.

7. Feedwaler supply, evaporaiors

7.1 The feedwater supply is to be stored in several
tanks.

7.2 . One storage tank may be considered sufficient for
auxiliary boiler units.

7.3 Two evaporators are to be provided for main
steam producer units.

8. Condensate recirculation

8.1 The main condenser is 1o be equipped with two
condensate pumps, each of which must be able to trans-
fer the maximum volume of condensate produced.

8.2 The condensate of all heating systems used to heat

5.2 The provision of oaly one circulating pump for-

oil (fuel, lubricating, cargo oil cte.) is to be led to
condensate observation tanks. These tanks are (o be
fitted with air vents.

G. Oil Fuel Systems

1. Filling lines

The filling of oil fuels is to be effected by means of
permanently instalied lines either from the open deck
or from filling stations located below deck which are
to be isolated from other spaces.

Filling stations are to be so arranged that the filling can
be performed from both sides of the ship without
danger. This requirement is considered to be fulfilled
where the filling line is extended to both sides of the
ship. The filling iines are o be fitted with blind fianges
on deck.

2. Tank filling lines

2.1 Filling lines of fuel tanks situatcd above the double
bottom, which are led iato the tanks below the tank top
are to be fitted with remote controlled shutoff valves.
[t shall be possible to operate theremote controlied
shutoff valves from a compartment accessible at all
times and separate from the compartment where the fuel
tanks are located.

2.2 Where filling lines are led through the tank top,
a screw-down non-return valve at the tank top is
sufficient. i

Filling lines are to extend to the bottora of the tank.

Storage tank suction lines may also be used as filling
lires.

3. Suction lines

3.1 Suction lines from tanks situated above the doubie
bottomn are to be fitted directly at the tank wall with
remote controlled shutoff valves which can be closed
from an adjacent compartment or deck above which is
accessible at all times.

Service tanks up to 50 1 capacity directly mounted on
diesel engines need not be provided with remoted
controlled shuicff valves, '

3.2 The inlet connections of suction lines are to be
arranged far enough from the drains in the tank so that
water and impurities which have settled out will not
enter the suctions.

4. Pipe layout

4.1 Fuel lines may not pass through tanks containing
feedwater, drinking water, lubricating oil or thermal oil.

4.2 Fuel lines which pass through ballast tanks are to
have an increased wall thickness according to Table
11.4.

4.3 Fuel lines may not be laid in the vicinity of boilers,

turbines or equipment with high surface temperatures
{over 220°C) or in way of electrical equipment.
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The number of detachable pipe connections is to be
limited.

Shutoff valves in fuel lines in the machinery spaces are
to be operable from above the floor plates.

Glass and plastic components are not permitted in fuel
systems.

5. Fuel {ransfer, feed and booster pumps

5.1 Fue! transfer, feed and booster pumps shall be
designed for the proposed operating temperature of the
medium pumped.

5.2 Arrangements for the transfer of oil fuel are to
be arranged. The booster pumps may be used if they
arc suitable for this purpose.

5.3 At least two means of oil fuel transfer are to be
provided for filling the day tanks.

Separators may serve as filling equipment.

5.4 Where a feed or booster pump is required to
supply fuel to main or auxilizry engines, a standby pump
shall be provided. Where, in the cuse of auxiliary
engines, the pumps are attached to the engine, a standby
pump may be dispensed with.

With the agreement of the Socicty, other arrangements
may be approved.

5.5 For emergency shut-down devices, see Section 12,
B.
6.

o

Fuel spill lines of atmospheric stand-pipes are to be
fitted with pressure loaded valves. The use of shutoff
valves is not permitted. Where individual spill lines are
connected to a common line each connection is 10 be
fitted with a non-return valve.

7. Filters

7.1 The supply lines to the fuel injection pumps are
10 be fitted with dupiex Tilers with a changeover cock
or with automatic back-flushing filters fitted with a
differential pressure conirol device.

The back-flushing intervals of the automatic back-
fiushing filters are to be controlled.

7.2 For auxiliary engines, simplex filters are sufficient.

7.3 Fuel transfer units are 10 be fitted with a simplex
filter on the suction side.

8. Purifiers

8.1 'Where a fuel purifier may exceptionally be used
to purify lubricating oil the purifier supply and discharge
lines are to be fitted with a change-over arrangement
which prevents the possibility of fuel and lubricating oils
being mixed. Unequal change-over joints or hoses of
different length may be used for this purpose. Spectacle
flanges are not considered as sufficient precaution.

Suitable equipment is also to be provided to prevent
such mixing occuring over conirol and compression
lines.

8.2 The sludge tanks of purifiers are to be fitted with
a level alarm which ensures that the level in the sludge
tank cannot interfere with the operation of the purifier.

9. Operation using heavy fuel oils

9.1 Heating of heavy fuel oil

9.1.1 The tank heating system shall be designed to
meet operating requirements and to be compatible with
the proposed grade to fuel oil. -

For the tank heating system, see Section 10. B.5.

9.1.2 Heat tracing is to be arranged for pumps, filters
and oil fuel lines as required.

9.1.3 Where heavy fuel oil is used, the injection valve
cooling system is to be provided with additional means
of heating so that the injection valves can be preheated.

9.2 Heavy fuel oil transfer

Settling tanks and day tanks for fuel are to be equipped
with means of drainage.

9.3 ‘Treatment of heavy fuel oil

9.3.1 Setiling tanks

The capacity of the settling tanks shall be sufficient for
at least one dav’s consumption of the piant. Seitling
tanks are to be provided with drains and with
temperature measuring instruments in accordance with
Section 10.B.5.3.

9.3.2  Heavy fuel oil cleaning for diesel engines

For cleaning of heavy fuels, purifiers or purifiers
combined with automatic filters are (o0 be provided.

9.3.3 Fuel oil blending and emulsifying equipments
Heavy fuel oil/diesel oif blending and emulsifying
cquipments require approval by the Socicty.

9.4 Heavy fuel oil day tanks

9.4.1 For the arrangement and equipment of the
tanks, see Section 10.B.

9.4.2  The capacity of the day tanks shali be such that,
should the treatment unit fail, operation can be
maintained until treatment of the fuel can be resumed.

9.4.3 Where the overflcw pipe of the day tank is
terminated in a settling tank, suitable means shall be
provided to ensure that no untreated heavy fuel oil can
penetrate into the service tank. .

9.5 Change-over arrangement diesel oil/heavy oil

9.5.1 The change-over arrangement of the fuel supply
and return lines is to be interlocked so that fauilty
switching is excluded and to ensure reliable separation
of the fuels,

Change-over valves devices are to be permitted

9.5.2 The change-over devices are to be accessible and
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“ernently marked. Thelr respeciive working position
" e gclearly indicated.

e

“emote controlled change-over devices are to be
il with limit position indicators at the control
— .
e supply through stand pipes

"1 Where the capacity of stand pipes exceeds 50 1,

'milet pipe is to be fitted with a remote controlled
"1 +losing valve operated from outside the engine
“on tand pipes are to be equipped with air/gas vents
b it self-closing connections for emptying and
‘e, Stand pipes are to be fitted with a local
e aniare indicator.

t . .
“ I Atmospheric stand pipes (pressurcicss)

., .

;1 “ing regard to the arrangement and the maximum
“ bl iy the service tanks, the stand pipes are to be

, lw ted and arranged that 2 sulticient {ree space for
“readication is available inside the stand pipes. 2

' . - -
" U Closed stand-pipes (pressurized systems)

oy ~tand-pipes are to be designed as pressure vessels

"l g be fitted with the following cquipment:

‘

*nan-return valve in the recirculating lines from
T cugines,

amtomatic degasser,

|

v laeal pressure gauge,

| . . . . . .

o aun/emptying device, which is 10 be locked in
fha- clgsed positien.

W rud preheaters
' ‘I!MHWS are to be taken to ensure that in the event of
| - 1 i
'l ‘l W of the end preheater for the main propulsion
‘4 aperation can be temporarily maintained with fuel

] "W daes not require preheating (see Section 10,
o,

“H.
L

Viscosity control

Where main and auxiliary engines are operated

Yoy . . . . .
'. k "\\'-\\‘_\' fuel oil, automatic viscosity control is to be
Paded

W L . .

. X Viscosity regulators are to be fitted with a local

""Wiiagure indicator.

LUREYY .
Local control devices

A,
Vi tullowing local control devices are to be fitted

W g b, N
‘wly before the engine
W\
A Pressure gauge,
\
A temperature indicator.

\s . . .
_\\\\\\ Vhe heavy fuel system is to be effectively
“\Wated as necessary. )

W\

Lubricating Oil Systems

1. Genera! requirements

L.1 Lubricating oil systems are to be constructed to
ensure reliable lubrication over the whole range of speed
and during run-down of the engines and to ensure
adequate heati transfer.

1.2 Priming pumps

Where necessary, priming pumps are to be provided for
supplying lubricating oil 1o the engines.

1.2 Emergeacy lubrication

A suitable emergency lubricating oil supply (e.g. gravity
tank) is to be arranged to come automatically into use
in the event of a failure of the supply from the pumps.

1.4 Lubricating oil treatment

The quipment necessary for adequate treaiment of
lubricating oil (purifiers, automatic back-flushing filters,
filters and free-jet centrifugesyis 1o be provided.

2. Lubricating ofl systems

2.1 Lubricafing oil drain tanks znd gravity tanks

2.t.1 Forthe capacity and location of these tanks s2¢
Section 10, C.

2.1.2  The suction connections of lubricating oil pumns
are 1o be located as ar as possible from drain pipes.

2.1.3  The gravity tank is 1o be fitted with an overflow
pipe witich lzads to the drain tank., Arrangements aie
(o be made for observing the flow of exeess oil i the
overflow pipe.

2.2 Pipe lines

Where lubricating oil lines must be led in the vicinity
of hot machinery, e.g. superheated steam turbines, steel
pipes which should be in one length and which are
protected where necessary are to be used.

2.3 Filters

2.3.1 Lubricating oil filters are to be arranged in the
pressures lines of the pumps.

2.3.2 The fineness and size of the filters are to be in
accordarnice with the requirements of the engines.

.2.3.3 The main filiers are to be so arranged that they

can be cleaned without stopping the engines. This
requirement can be met by using change-over duplex
filters or automatic back-flushing filters.

In the case of automatic back-flushing filters, the back-
flushing intervals are to be controlled.

2.3.4 The fitting of a by-pass for change-over duplex
filters is not permitted. A by-pass for automatic filters
may be approved by the Society taking the requirements
under 2.3.6 into consideration.

2.3.5 Where simplex filters are to be fitted after the
main filters required according to 2.3.1 to 2.3.4, the
simplex filters are to be provided with a by-pass and
a pressure-difference alarm.
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2.3.6 Where the fineness of the simplex filter (safety
filter ) is below that of the main filter, the by-pass may
with approval of the Society be dispensed with provided
that the safety filter may only take over the function
of the main filter for a limited period of time.

2.3.7 Engines with rated output up to 150 kW which
are supplied with lubricating oil from the engine oil
sump may be fitted with simplex filters provided that
a pressure alarm is arranged behind the filter and filter
can be cleaned during operating. For this purpose, a by-
pass with manually operated shutoff valves is to be
provided.

2.3.§ For auxiliary engines simplex fiiters are sufficient.

2.4 Lubricating oil coolers

it 1s recommended that turbine and large engine plants
be provided with more than one oil cooler.

2.5 . Ol level indicators

Machines with their own oil charge are to be provided
with a means of determining the oil level from outside
during operation. This requirement also applies 1o
reduction gears, thrust bearings and shaft bearings.

2.6 Purificrs
The requirements in G.8 apply as appropriate.
3. Lubrieating oii pumps

3.1 Miain engines

3.1.1 Main and independent stand-by pumps are (o
be arranged.

Main pumps driven by the main engines are to be so
designed that the lubricating oil supply is ensured over
the whole range of operation.

3.1.2  In multi-propeller plants and plants with more
than one engine for the ranges of service "'Unrestricted
and Resiricted International Service’” which have
independent lubricating oil systems, it may be deemed
sufficient if the stand-by lubricating oil pump is capable
of supplying one engine with oil and can be connected
1o ecach engine.

3.1.3 For multi-propeller plants and plants with more
than one engine for ""Coasial Service’” and ""Shallow
Water Service'’, a complete spare lubricating oil pump
may be carried on board instead of an independently
driven stand-by pump provided that cach main engine
is fitted with an attached lubricating oil pump and the
attached pumps arc so arranged that they can be
replaced with the means available on board.

3.2  Main turbine plant

3.2.1 Main and independent stand-by lubricating oil
pumps are to be provided.

3.2.2 Emergency lubrication!)

The lubricating oil supply 1o the main turbine plant for
cooling the bearings during the run-down period is to
be assured in the event of failure of the power supply.
By means of suitable arrangements such as gravity tanks
the supply of oil is also to be assured during starting
of the emergency lubrication system.

3.3 Main reduction gearing (motor vessels)

3.3.1 Lubricating oil is 10 be supplied by a main pump
and an independent stand-by pump.

3.3.2 Where a reduction gear has been approved by
the Society to have adequate self-lubrication at 75% of
the torque of the propelling engine, a stand-by
lubricating oil pump for the reduction gear may be
dispensed with up 10 a power ratio of

P7 oy kW/min'] = 3,0

3.3.3 The regulations under 3.1.2 and 3.1.3 are 10 be
applied {for multi-propelicr plants and plants with more
than one engine.

3.4 Auxtliary machinery
3.4.1 Diesel generators

Where more than one diesel generator is available,
stand-by pumps.are not required.

\Where only one dicsel gencrator is available (e.g. on
wrbine-driven vessels where the diesel generator is
needed for startup etec.) a Lomplete spare pump is 1o be
carried on beard.

3.4.2  Auxiliary turbinces

Turbogencratars and turbines used for driving
important auxiliaries such as boiler feedwater pumps
cte. are to be equipped with a main pump and an
independent auxiliary pump. The auxiliary pump is to
be designed to ensure a sufTicient supply of lubricating
oil during the startup and run-down operation.

J.  Seawater Cooling Equipment

1. Sea connections, ses chests

1.1 At least two seca chests are to be provided.
Wherever possible, the sea chests are to be arranged as
low as possible on cither side of the ship.

1.2 For service in shallow waters, it Is recommerided
that an additional high seawater intake should be
provided.

1.3 It is to be ensured that the total seawater supply
for the engines can be taken from only one sea chest.

1.4 Each sea chest is to be provided with an effective
vent. The following venting arrangements will be
approved:

a)  An air pipe of at least 32 mm IID which can be shut
off and which extends above the bulkhead deck

1}  See also Volume 1V, Section ‘!. D.4.5.
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b) Adequately dimensioned ventilation slots in the
shell plating.

1.5 Steam or compressed air connections are to be
provided for clearing the sea chest gratings. The steam or
compressed air lines are 10 be fitted with shutoff valves
fitted directly to the sea chest. Compressed air for
blowing through sea chest gratings may exceed 2 bar
only if the sea chest are constructed for higher pressures.

_2. Special rules for ships with ice class

2.1 Sea connection, sea chests

2.1.1 Atleast one of the sea chests specified in 1.1 shall

arranged as follows:

a)  The sea inlet is to be located on the ship's centre
line as far aft as possible.

b) In calculating the volume of the chest the follo-
wing value shall be applied as a guide:
about 1 m?® for every 750 kW of the ship’s engine
output including the output of auxiliary engines ne-
cessary for the ship'’s service,

¢) The chest shall be of sufficient height 10 allow ice
to accumutate above the inlet pipe.

d) The scawater discharge line of the catire engine
plant is to be connected 1o the top of the sea chest.

¢} The free arca of the strum hotes shall be not luss
than four time the sectional arca of the inlet-pipe.

2.1.2 As an alternative two smaller chests may be arc-
ranged as stated in 2.1.71.

2.2 All discharge valves shall be so arranged thai the
discharge of water at any draught will not be hindered
by ice.

2.3 The sea chests shall be provided with a stcam con-
nection for de-icing and thawing.

2.4 In special cases, additional cooling water may be
supplied to the engine plant from ballast water tanks
with circulation cooling.

The system does not replace the requirement stated in
2.1.1.

2.5 A suction from the cooling water system is to be
provided for the fire pumps.

3. Sea valves

3.1 Sea valves are to be so arranged that they can be
operated from above the floor plates.

3.2 Discharge pipes for seawatcr:cooiing systems are to
be fitted with a shutoff valve at the shell plating.

4. Strainer

The suction lines of the seawater pumps are to be fitted
with strainers.

The strainers are to be so arranged that they can be

cleaned during operation of the pumps.

Where cooling water is supplied by means of a scoog,
strainers in the main seawater cooling linc can be dis-
pensed with,

5. Seawater cooling pumps
5.1 Diesel engine plants

5.1.1 Main propulsion plants are to be provided with
main and stand-by cooling water pumps.

5.1.2 The main cooling water pump may bs attached
to the propulsion plant. 1t is to be ensured that the at-
tached pump is of sufficient cupacity for the cooling wa-
ter required by main and auxtliary engines over the
whole speed range of the propulsion plant.

The stand-by cooling water pump s to be driven in-
dependently of the main cngine.

5.1.3 Main and stand-by cooling water pumps arc ¢cach
1o be of sufficiznt capacity to meet the maximum coc-
ling waier requirements of the plant.

Alternatively, three cooling water pumps of the same
capacity may be arranged, provided that two of the
pumps are sufficient to supply the required cooling wu-
ter for full load operation of the plant at design tem-
perature, With this arrangement it is permissible for the
second pump to be put into opsration in the higher tem-
perature rangs by means of 2 thermostar.

5.1.4 Ballast pumps or other suitable seawater pumps
may be used as stand-by cooiing water pumps.

5.1.5 Where cooling water is supplicd by means of a
scoop, the main and stand-by cooling water pumps are
to be of a capacity which will ensure reliable operation
of the plant under partial load conditions. The main
cooling water pump is 10 be automatically staried as
soon as the speed falls below that required the opera-
tion of the scoop.

5.2 Steam turbine plants

5.2.1 Steam turbine plants are to be provided with a
main and a stand-by cooling water pump.

The main cooling water pump is to be of sufficient ca-
pacity to supply the maximum cooling water require-
ments of the turbine plant. The capacity of the stand-by
cooling water pump is to be such as to ensure refiable
operation of the plant also during astern operation.

5.2.2 Where cooling water is supplied by means of a
scoop, the main cooling water pump is to be of suffi-
cient capacity for the cooling water requirements of the
turbine plant under conditions of maximum astern
output.

Thé main cooling water pump is to start automatically
as soon as the speed falls below that required for the
operation of the scoop.
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5.3 Multi-propeller plants; plants with more than one
main engine

For multi-propeller plants and plants with more than

one engine, the stand-by pump has to supply sufficient

cooling water for one plant and is to be capable of being

connected to any plant.

5.4 Cooling water supply for auxiliary engines

Where a common cooling water pump is provided to
scrve more than onc auxiliary engine, an independent
stand-by cooling witer pump with the same capacity is
to be fitted. Independently operated cooling water
numps of the main engine plant may be used to supply
cooling water to auxiliary engines while at sea, provi-
ded that the capacity of such pumps is sufficient to meet
the additional cooling water requirement.

H cach auxiliary engine is fitted with an attached coo-
ling water pump, nG stand-by cocling water pumps need
be provided.

6. Cooling water supply in dock

1t is recommended that a supply of cooling water, e.g.
froni a water ballast tank, should be available so that
at teast one diesel generator and, if necessary, the do-
miestic refrigerating plant may be run when the ship in
dock,

Cargo and container cooling systems shall conform to
the requirements stated in Volume V1I] Section 2.1.4.

K. Fresh Water Cooling Systems

I. General

1.1 Fresh water cooling sysiems are 1o be 5o arranged
that the engines can be sufficienty cooled under all ope-
rating conditions.

1.2 Depending on the requirements of the engine plant,

the following fresh water cooling sysiems are allowed:

a) a single cocling circuit for the entire plant.

b) separate cooling circuits for the main and auxiliary
plant,

¢} several independent cocling circuits for the main
engine components which need cooling (e.g. cylin-
ders, pistons and fuel vaives) and for the auxiliary
engines.

d) separate cooling circuits for various temperature
ranges.

1.3 The cooling circuits are o be so arranged that,
should one of the circuits fait, operation can be main-
tained by the other cooling circuits.

Where appropriate, the necessary change-over arran-
gements are to be provided for this purpose.

1.4 Asfar as possible, the temperature controls of main
and auxiliary engines as well as of different circuits are
o be indepandent of each other.

1.5 Where heat exchangers for fuel, lubricating oil or
Lherm_ali oil are arranged in the cooling water circuits
of cylinders or pistons, these systems are to be moni-

tored for fuel and oil leakage.

1.6 Common cooling water systems for main and au-
xiliary plants are to be fitted with shutoff valves to ena-
bie repairs to be performed without taking the entire
plant out of service.

2. Heat exchangers, coolers

2.1 The construction and equipment of heat exchang-
¢rs and coolers are subject 1o the Rules of Section 8.

2.2 The coolers of cooling water systems, engines and
equipment are to be constructed to ensure that the spe-
cified cooling water temuperatures can be maintained un-
der alt operating conditions. Cooling water temperatures
are to be adjusted to meet the requirements of engines
and equipment.

2.3 Heat exchangers for auxiliary equipment in the
main cooling water circuit are to be provided with by-
passes if by this means it is possible, in the event of a
failure of the heat exchanger, to keep the system in ope-
ration,

2.4 Itis to be ensured that auxiliary machinery can be
maintained in operation while repairing the main coo-
lers. Necessary means are to be provided for changing
aver to other heat exchangers, machinery of equipment
through which a temporary heat transfer can be
achieved.

2.5 Shutoff valves are to be provided at the inlet and
outlet of all heay exchangers.

2.6 Every heat exchanger and cooler is to be provided
with a vent and a drain.

2.7 Keel coolers, chest coolers

2.7.1 Arrangement and construction drawings of keel
and chest coolers are to be submitted for approval.

2.7.2 Permanent vents are (0 be provided at the top of
keel coolers and chest coolers.

2.7.3 Keel coolers are to be fitted with pressure gauge
connections at the fresh water inlet and outlet.

3. Expansion tanks

3.1 Expansion tanks are to be arranged at sufficient
height for every cooling water circuit.

Different cooling circuits may only be connected to a
common expansion tank if they do not interfere with
each other. Care must be taken here to ensure that da-
mage to or faults in one system cannot affect the other
system.

3.2 Expansion tanks are to be fitted with filling con-
nections, air pipes, water level indicators and a drain
arrangement.

4. Fresh water cooling pumps

4.1 Main and stand-by cooling water pumps are to be
provided for each fresh water cooling system.

4.2 Main cooling water pumps may be driven directly
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by the main or auxiliary engines which they are inten-
ded to cool provided that a sufTicient supply of cooling
water is assured under all operating conditions,

4.3 Stand-by cooling water pumps are to be driven in-
dependently of main engines.

4.4 Stand-by cooling water pumps are to have the same
capacity as main cooling water pumps.

4.5 Main engines are to be fitted with at least one main
and one stand-by cooling water pump. Where accor-
ding to the construction of the engines more than one
water cooling circuit is necessary, a stand-by pump is
to be fitted for ecach main cooling water pump.

4.6 Asan exception to 4.1, the Rules for seawater coo-
ling pumps in J.5.4 are to be applied 10 the fresh water
cooling pumps of important auxiliary engines.

4.7 A stand-by cooling water pump of a cooling water
system may be used as a stand-by pump for anothier sys-
tem provided that the necessary pipe connections are
arranged, The shutoff valves in these connections are
to be secured against unintended operation.

4.8 Equipment providing for emergency cooling from
another system can be approved if the plant and system
are suitable for this purpose.

4.9 For muiti-propeller plants and plants with more
than one engine, sparc cooling water pumps ready for
instatlation may be carricd on board instead ol per-
manentiy mounted stand-by cooling water pumps pro-
vided that.

a) the cooling water systems of each engine arc inde-
pendent or can be operated independently of the
corresponding systems of the other engines and

b) the spare pumps can be installed with the means
available on board.

In addition to a) and b), proviston shall be made for
onc of the following arrangements:

c} the respective main cooling water pumps must be
capable of being used interchangeably for the sup-
ply of cooling water,

or

e} it must be possible to switch in a permanently in-
stalled pump to provide auxiliary cooling for each
engine,

5. ‘Femperature control

Cooling water circuits are to be provided with tempe-

rature controls in accordance with the requirements. -

Control devices whose failure may impair the functio-

nal reliability of the engine are to be equipped for ma-
aual operation.

6. Preheating for cooling water

Means are to be provided for preheating fresh cooling
water.

7. Emergency generating unils

Internal combustion engines driving emergency gene-
rating units are (o be fitted with independent cooling

systems. Such cooling systems are to be made prool
agaiast freezing.

L. Compressed Air Lines

1. General

1.1 Pressure lines connected to air compressors are (o
be fited with non-return valves at the compressor outlet.

1.2 Efficient oil and water traps are to be provided in
the filling lines of compressed air receivers.

1.3 Starting air lines may not be used as filling lines for
air receivers.

1.4 The starting air line to each engine is to be fitted
with 2 non-return valve and a drain.

1.5 Tyfons are to be connected 1o at [east two compres-
sed air receivers.

1.6 A safety valve is to be fitied behind each pressure-
reducing valve.

1.7 Pressure water tanks and other tanks connected o
the compressed air syseem are to be considered as pres-
sure vessels and must comply with the requirements in
Scciion 8 relating to the working pressure of the com-
pressed air system.

2. For compressed air connections for blowing
through sea chests refer o J. 1.4,

3. Forthe compressed air supply to pneumatically ope-
rated valves refer to D.6.

4.  Caontrol air systems

Conrtrol air systems lor cssential consumers are to be
provided with the necessary means of air treatment.

M. Exhaust Gas Lines

I. Pipe layout

1.1 Exhaust gas pipes from engines are to be installed
separately from each other with regard to structural fire
protection. The same applies to boiler exhaust gas pipes.

1.2 Account is to be taken of thermal expansion when
laying out and suspending the lines.

1.3 Where exhaust gas lines discharge near water level,
provisions are to be taken to prevent water from enter-

ing the engines.

2. Silencers

2.1 Engine exhaust pipes are to be fitted with effective
sitencers. E

2.2 Silencers are to be provided with an inspection
opening.
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3. Water drains

Exhaust lines and silencers are to be provided with sui-
table drains of adequate size.

4. Insulation

4.1 Exhaust gas lines, silencers and exhaust gas boilers
are to be effectively insulated to prevent the ignition of
combustible materials on them.

4.2 [nsulating materials must be incombusiible.

4.3 Exhaust gas lines insidé engine rooms are (o be pro-
vided with a metal sheating or other approved type of
hard sheathing. -

5. For speciai Rules for tagkers refer (o Section 13,
B.9.3,

N. Bilge Systems

1. Bilge lines
1.1 Layout of bilge lires

1.1.1 Bilge lines and bilge suctions are to be so arran-
ged that the bilges can be compleiely pumped even un-
der disadvantageous trim conditions.

1.1.2 Bilge suctions are normzllv 10 be located on both
sides of the ship. For compariments located fore and
aftin the ship, one bilge suction may bie considered suf-
ficient provided that it is capable of completely drai-
ning the refevant compartment.

1.1.3 Spaces located forward of the collision bulkhead
and aft of the stern tube bulkhead and not connected
to the general bilge system are to be drained by other
suitable means of adequate capacity.

1.1.4 The required pipe thicknesses of bilge lines are
to be in accordance with Table 11.4.

1.2 Pipes laid through tanks

1.2.1 Bilge pipes may not be led through 1anks for lu-
bricating oil, thermal oil, drinking water or feed-water.

1.2.2 Where bilge pipes are led through fuel tanks lo-
cated above the double bottom and terminate in spaces
which are not accessible during the voyage, an additio-
nal non-return valve is to be fittzd in the bilge pipe where
the pipe from the suction enters the fuel tank.

1.3 Bilge suctions and strums

1.3.1 Bilge suctions are to be 50 arranged as not to im-
pede the cleaning of bilges and bilge wells. They are to
be fitted with easily detachable, corrosion-resistant
strums.

1.3.2 Emergency bilge suctions are to be arranged in
such a manner that they are accesible, with fiee flow
and at a suitable distance from the tank top or the ship's
bottom,

1.3.3 For the size and design of bilge wells see Volume
I, Construction Rules for Hull, Section 8, B.6.2.

1.4 Bilge valves

1.4.1 Valves in connecting pipes between the bilge and
the seawater and ballast water system, as well as bet-
ween the bilge connections of different compartments,
are to be 5o arranged that even in the event of faulty
operation or intermediate positions of the valves, pe-
netration of seawater through the bilge system will be
safely prevented.

1.4.2 Bilge discharge pipes are to be fitted with shut-
off valves at the ship’s side.

1.4.3 Bilge valves are 1o be arranged so as to be always
accessible irrespective of the ballast and Ioading con-
dition of the ship.

1.5 Reverse-flow protection

1.5.1 A screw-down non-return valve is recognized as
reverse-flow protection.

1.5.2 For bilge connections outside engine rooms, 2
combination of a non-return valve without shutoff me-
chanism and a remote controlled shutoff valve may be
recognized as equivalent.

1.6 Pipe connections

1.6.1 To prevent the penetration of ballast and sea-
water into the ship through the bilge system, two me-
ans of reverse-flow protection are (o be fitied in the bilge
connections. One such means of protection is to be fit-
ted in each suction line.

1.6.2 The direct bilge suction and the emergency injec-
tion need only have one means of reverse-flow pro-
tection.

1.6.3 Where a direct seawater connection is arranged
for attached bilge pumps to protect them against run-
ning dry, the bilge suctions are also to be fitted with
two screw-down non-return valves.

1.6.4 Where the direct suction is connected 1o a cen-
trifugal pump which can also be vsed for cooling wa-

" ter, ballast water or fire extinguishing, a screw-down

non-return valve is to be fitted in the discharge pipe of
the pump.

1.6.5. The discharge pipes of oily water separators
are to be fitted with to two non-return valves at the
ship’s side.

2: Calculation of pipe diameters

2.1 The calculated values according to formulae (4) to
(6) are to be rounded up to the next higher nominal
diameter.
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a) main bilge pipes )
dy = 1,68-V (B + H)+ L + 25 [mm] {4)

b} branch bilze pipes

d, = 2,15- V(B + Hy-1 + 25 [mm} (5)

‘d,, [mm] = calculated inside diameter of main bilge
pLpe

d, [mm] = calculated inside diameter of branch bilge
pipe

L {m] length of ship between perpendiculars

B [fm} moulded breadth of ship

H [m} depth of ship to the bulkhead deck

1 (] length of the wateriight compartment

2.3 Tankers

The diameter of the main bilge pip=in the engine rooms

of tankers and builk cargo/oil carriers is calculated using
the formula:

d, =30-V(@B + H). {, + 35 [mm] . (5}

where :

L, {m] =  total tength of spaces between cofferdam

or pump-room buikhead and stern tube
bulkhead

Other terms as in formulac (4) ‘and (5).

Branch bilge pipes are to be dimensioned in accordance
with 2,2 b). For bilee installations for spaces in the cargo
area of tankers and bulk cargo/oil carriers see Section
15, ' .

2.4 Minimum diameter

The inside diameter of main and branch bilge pipes is
not to be less than 50 mm. For ships under 25 m length,
the diameter may be reduced to 40 mimn.

2.5 Maximum diameter

The diamneter of the main bilge line calculated accor-
ding to 2.1 a) need not exceed ND 200,

2.6 Deviations

Where in individual cases formula (5) requires a greater
bilge pipe diameter than that determined by formula (4),
a greater pipe diameter than that according to formula
{4) is not necessary.

3. Bilge pumps

3.1 Capacity of independcnt pumps

Each bilge pump must be capable of delivering:

Q = 575107 .4, (m3/h) %)

where

Q [m*/h] = minimum capacity
d,; [mm] calculatea inside diameter of main bilge pipe

3.2- Where centrifugal pumps are used for bilge pum-
ping, they must be self-priming or connected to an air
extracting device.

3.3 Capacity of attached bilge pumps

Bilge pumps having a smaller capacity than that spe-
cified by formula (7) are acceptable provided that the
independent pumps are designed for a cerrespondingly
larger capacity,

3.4 Use of other pumps for bilge pumping

Ballast pumps, stand-by seawater cooling pumps and

general service pumps may also be used as independent

bilge pumps provided they are seif-priming and of the.
required capacity according to formula (7).

3.4.7 Fuel and cil pumps may not bz connected to the
bilge system.

3.5 Number of bilee pumps for cargo ships

Cargo ships are te be provided with two independent,
power bilge pumps. On ships up to 2000 tons gross, one
of these pumps may be attached 1o the main engine.

On ships of less than 100 tons gross, one engine-driven
bilge pump is sufficient. The second independent bilge
pump may be a permanently installed manual bilge
pump. The engine-driven bilge pump may be coupled
to the main propulsion plant.

3.6 Number of bilge pumps for passenger ships

At least three bilge pumps are to be provided. One pump
may be coupled to the main propulsion plant. Where
the criterion numeral is 30D or more, a further bilge
pump is to be provided.

4. Bilge pumping for various spaces
4.1 Machinery spaces

4.1.1 On ships of more than {00 tons gross, the bilges
of every main machinery space must be capable of being
pumped as follows:

a) Through the bilge suctions connected to the main
bilge system,

b} through one direct suction connected to the largest
independent bilge puinp and

c} through an emergency bilge suction connected to
the cooling water pump of the main propulsion
plant or through another suitable emergency bilge
systern. : -

4.1.2 If the ship’s propulsion plant is located in seve-
ral spaces, a direct suction in accordance with 4.1.1 b)
is to be provided in each watertight compartment in ad-
dition to branch bilge suctions in accordance with 4.1.1

a).

When the direct suctions are in use, it must be possible
to pump simultaneously from the main bilge line by
means of all the other bilge pumps.

1) See SOLAS 1974, Chapter 1I-1, part A, regulations 5 and 18.
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4.5 Refrigerated cargo spaces

Refrigerated cargo spaces and thawing trays are to be
provided with drains which cannot be shut off. Each
drain pipe is to be fitted at its discharge end with a trap
to prevent the transfer of heat and odours.

4.6 Spaces for transporting livestock

Spaces intended for the transport of livestock are to be
additionally fitted with pumps or ejectors for dischar-
ging the waste overboard.

4.7 Fore and zfter peaks

Connection of the fore and after peaks to the general
bilge system is not permitted. Where the peak tanks are
not connected to the ballast system, separate means of
pumping. are to be provided.

Where the after peak terminates at the engine room, it
may be drained to the engine room bilge through a pipe
fitted with a shutoff valve. Similar emptying of the fore
peak into an adjoining space is not permitted.

4.8 Spéccs above peak tanks

These spaces may either be connected to the bilge sys-
tem or be pumped by means of nand-operated biige
pumps. Spaces above the after pezk may be drained to
the shaft tunnel or machinery space, provided that the
drain line is fitted with a self-closing shu.off valve at
a clearly visible and easily accessible position. The drain
pipes shall have an inside diameter-of at least 40 mm.

4.9 Cofferdams, pipe tunncls and void spaces

Cofferdaims, pipe tunnels and void spaces adjoining the
ship’s sheli are to be connected to the bilge system.

4.10 Chain lockers

Chain lockers may be drained either though the bilge
system or by means of manual pumps. They may not
be drained to the fore peak.

3. Oily water separating equipment

Ships of 400 tons gross and over are to be provided with
an oily water separator or filter plant for the separa-
tion of water/oil mixtures.

For outfitting with oily water separators, filter plants,
oil collecting tanks and oil discharge pipes and with a
system for monitoring and controlling the discharge of
water from oily water separators, attention is drawn to
the need 10 comply with the provisions of the Interna-
tional Convention of 1973 and of the Protocol of 1978
i’)o(r) the prevention of pollution from ships '’"MAR-
L.

6. Additional Rules for passenger vessels
6.1.1 The arrangement of bilge pipes
— within 0,2 B of the ship’s side measured at the le-

vel of the subdivision load line,
— in the double bottom lower than 460 mm above the
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base line or
— below the horizontal level specified in Volume II,
Section 29, F.2 (Construction Ruies for Hull).

is permitted only if a non-return valve is fitted in the
compartment in which the corresponding bilge suction
is located.

Where parts of the bilge arrangement {pump with suc-
tion connections) are situated less than 0,2 B from the
ship’s shell, damage to one part of the arrangement must
not result in the rest of the bilge arrangement being ren-
dered inoperable.

6.1.2 Where only one common piping system is pro-
vided for all pumps, all the shutoff and change-over val-
ves necessary for bilge pumping must be arranged for
operating from above the bulkhead deck. Where an
emergency bilge pumping system is provided in addi-
1ion 1o the main bilge system, this is to be independent
of the latter and must be so-arranged as to permit pum-
ping of any flooded compartment. In this case, only the
shutoff and change-over valves of the emergency system
need be capable of being operated from above the bulk-
head deck.

6.1.3 Shutoff and change-over valves which must be ca-
pable of being operated from above the bulkhead deck
shouid be clearly marked, accessible and fitted with 2
position indicator.

6.2 Bilge suctions

Bilge pumps in the machinery spaces must be provided
with direct bilge suctions in these spaces, but not morc
than two direct suctions need be provided in any one
space.

Bilee pumps located in other spaces are to have direct
suctions to the space in which they are installed.

6.3 Arrangement of bilge pumps

Bilge purnps must be installed in separate watertight
compartments which are to be so arranged that they are
unlikely.to be simultaneously flooded in the event of
damage to the ship. Ships with a length of 91,5 m or
over or having a criterion numeral of 301 or more are
to have at least one bilge pump available in emergency
cases. This requirement is satisfied if

a) one of the required pumps is a submersible emer-
gency bilge pump connected to its own bilge system
and powered from a source located above the bulk-
head deck or

b) the pumps and their sources of power are distri-
buted over the entire length of the ship the buo-
yancy of which in damaged condition is ascertained
by calculation for each individual compartment or
group of compartments, at least one pump being
available in an undamaged compartment or

c) bilge pumps are installed above the bulkhead deck,

6.4 Passenger vessels for limifed range of service

The range of bilge pumping for passenger vessels with
limited range of service, e.g. navigation on shallow wa-

1). See Solas 1974, Chapter II-1, part A, regulations 5 and 18

ter service, can be agreed with BKI.

7. Additiona! Rules for tankers

"See Section 15, B.4.

8. Bilge testing

All bilge arrangements are to be tested under the So-
ciety's supervision.

0. Ballast Sysfems

1. -Ballast lines
1.1 Arrangement of piping — general

1.1.1 Suctions in ballast water tanks are to be so ar-
ranged that the tanks can be emptied despite unfavour-
able conditions of trim and list.

1.1.2 Ships having very wide double bottom tanks are
also to be provided with suctions at the outer sides of
the tanks. Where the length of the ballast water tanks
exceeds 30 m, the Society may require suctions 10 be
provided in the forward part of the tanks.

1.2 Pipes passing through tanks

Ballast water pipes may not pass through drinking wa-
ter, feedwater, thermal oil or lubricating oil tanks.

1.3 Piping syst=ms

1.3.1 Where a tank is used alternately for ballast wa-
ter and fuel (change-over tank), the suction in this tank
is to be connceted to the respective system by three-
way cocks with L-type plugs, cocks with open botiom
or change-over piston valves. These must be arranged
so that there is no connection between the ballast water
and the fuel systems when the valve or cock is in an in-
termediate position. Change-over pipe connections may
be used instead of the above mentioned valves. Each
change-over tank is to be individually connected to iis
respective system. For remotely controlled valves sec
D.6.

1.3.2 Where ballast waier tanks may be used exceptio-
naily as dry cargo holds, such tanks are alsc to be con-
nected to the bilge system. The requirements specified
in N.4.4 are applicable.

1.3.3 ‘Where, on cargo ships, pipelines are ied through
the collision buikhead below the freeboard deck, a shu-
toff valve is to be fitted directly at the collision bulk-
head inside the fore peak.

It is to be capable of being remotely operated from ab-
ove the freeboard deck. ’

Where the fore peak is immediately adjacent to a per-
manently accessible room (e.g. bow thruster room)
which is separated from the cargo space, this shutoff
valve may be mounted directly at the collision bulkhe-
ad inside this room without provision for remote
control.

1.3.4 On passenger ships, only one pipeline may be led
through the collision bulkhead below the free-board
deck. The pipeline is to be fitted with a remote control-
led shutoff inside the forepeak directly at the collision
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bulkhead. The remote control must be operated from
above the freeboard deck. Where the forepeak is di-
vided into two compartments, two pipelines may in
exceptional cases be passed through the collision bulk-
head below freeboard deck.

2. Ballast pumps

The number and capacity of the pumps must satisfy the
vessel's operational requirements.

3. Additional Rules for passenger ships

3.1 Cross-flooding arrangements

As far as possible, anti-heeling arrangements for equa-
lising unsymmetrical flooding should operate automa-
tically. Where the arrangement does not operate
automatically, any shutoff valves and other devices must
be capable of being operated from above the bulkhead
deck.

The cross-floading arrangements must ensure that in
case of flooding, equalisation is achieved within 15 mi-
nutes. Separation of the tanks is to be ensured during
normal operation,

Anti-heeling arrangemensts for equalising unsymmetri-
cai flooding are to be submitted to the Saciety for ap-
proval.

4. Additional Rules for tankers

Sce Section 15, B4,

5. Operational testing

The ballast arrangement is to be subjected to"o'peratim
nal testing under the Society’s supervision.

P. Thermal Ofl Systems

Thermal oil systems shall be installed in accordance with
Section 7-11.

The pipelines, pumps and valves belonging to these sys-
tems are also subject to the following requirements.

1. Pumps

1.1 Circulating pumps

Two circulating pumps which are to be independent of
each other are to be provided.

1.2 Transfer pumps

A transfer pump is to be installed for filling the expan-
sion tank.

1.3 The pumps are to be so mounted that any oil le-
akage can be safely disposed of.

1.4 For emergency stopping see Section 12, B.9.

2. Valves
2.1 Only valves made of ductile materials may be used.

2.2 Valves shall be designed for a nominal pressure of

PN 16.
2.3 Valves are to be movnted in accessible positions.

2.4 Non-return valves are to be fitted in the pressure
lines of the pumps.

2.5 Valves in return pipes are to be secured in the open
position.

3. Piping

3.1 Pipesin accordance with Table 11.1 are to be used.

3.2 The material of the scaling joints is 1o be suitable
for permanecnt operation at the design temperature and
resistant to the thermal oil.

3.3 Provision is to be made for thermal expansion by

an appropriate pipe layout and the use of suitable com-
Pensators.

3.4 The pipe lines are to be preferably connected by me-
ans of welding, The number of detachable pipe con-
nections is to be minimized.

3.5 The laying of pipes through accommodation, pu-
olic or sérvice spaces is not permitted,

3.6 Pipelines passing through cargo holds are to be in-
stalled in such a way that no damage can be caused.

3.7 Pipe penetrations through bulikheads and decks are
10 be insulated against conduction of heat.

3.8 The venting is'to be so arranged that air/oil mix-
tures can be carried away without danger.

4. Pressure testing
See B.4.

5. Tightness and operational (esting

After installation, the entire arrangement is to be sub-
jected to tightness and operationat testing under the su-
pervision of the Society.

Q. Air, Overflow and Sounding Pipes

General

The laying of air, overflow and sounding pipes is per-
mitted only in places where the laying of the correspon-
ding piping system is also permitted (see Table 11.4).

1. Air and overflow pipes
1.1 Arrangement

1.1.1 Alltanks, void spaces etc. are to be fitted at their

-highest position with air pipes which must normally ter-

minate above the open deck.
1.1.2 Air and overflow pipes are to be laid vertically.

Alr and overflow pipes terminating above the open deck
are to be fitted with automatic shutoff devices of ap-
proved type. Proof is to be furnished that the peneira-
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tion of water is prevented even in inclined positions.

1.1.3 Air and overflow pipes passing through cargo
holds are t¢be protected against damage.

1.1.4 For the height above deck of air and overflow pi-
pes see Volume I, Construction Rules for Hull, Sec-
tion 21.

1.1.5 Air pipes from unheated leakage oil and lubri-
cating oil tanks located above the double bottom may
terminate at clearly visible positions in the engine room.
Funnels and pipes arc to be fitted to provide for safe
drainage in the event of a possible overflow.

1.1.6 Air pipes from lubricating oil storage tanks which
form part of the ship's shell are to terminate in the
engine room casing above the freeboard deck, in pass-
enger ships above the bulkhead deck, 1t must be ensur-
ed that no leaking oil can spread on to heated surfaces
where it may ignite. For the air pipes of lubricating oil
drain tanks sce Section 10, C.

1.1.7 Wherever possible, the air pipes of feedwater and
distiilate tanks should not extend into the opern. Where
these tanks form part of the ship’s shell the air pipes
are to terminate within the engine room casing above
the freeboard deck, in passenger ships above the bulk-
head deck.

1.1.8 Air pipes for cofferdams and void spaces with

bilge connections are o be exiended above the open
deck. i

1.1.9 Overflow pipes from fuel tanks are to be led at
a sufficient gradient into an overfiow tank of sufficient
capacity.

With closed fuel overflow systems proof is required that
the resistance to flow of the overflow pipes at the cho-
sen flow velocities cannot cause unacceptably high pres-
sures in the tanks in the event of overflow.

The use of fuel supply tanks as overflow tanks is per-
mitted but requires the fitting of an additional level
alarm and of an air pipe with a cross-section 1,25 times
that of the fuel bunker line.

Alr pipes of fuel day tanks which are led above the open
deck must be located at a sufficient height and protee-
ted against breaking seas,

Where fuel day tanks are fitted with change-over over-
flow pipes, the change-over devices are to be so arran-
ged that the overflow is led to one of the storage tanks.

1.1.16 The overflow pipes of tanks used alternatively
for oil fuel and ballast water n.ust be capable of being
separated from the fuel overflow system and led sepa-

rately to atmosphere when the tanks are to be filled with
ballast water.

1.1.11 Where the air and overflow pipes of several tanks
situated at the ship's shell lead to a common line, the
connections to this line are to be above the freeboard
deck if possible but at least so high above the deepest
load waterhne that should a leakage occur in one tank
due to damage to the hull or listing of the ship, fusl or

water cannot flow into another tank.

The air and overflow pipes of lubricating oil and fuel
tanks shall not be led to a common line.

1.1.12 For the connection to a common line of air and
overflow pipes on ships with classification mark (# or
, see D.9.

1.2 Number of zair and overflow pipes

Tanks which extend from side to side of the ship must
be fitted with an air pipe at each corner. At the narrow
ends of double bottom tanks in the forward and after
parts of the ship one air pipe is sufficient, Where se-
veral double bottom tanks are arranged adjacent to each

other, one air pipe at the forward and after ends of the
tanks is sufficient.

1.3 Determination of the pipe cross-seclions

1.3.1 Regarding the cross-sectional arezs of air and
overflow pipes see Table [1.14.

The minimum diameter of air and overflow pipes shall
not be smaller than 50 mm.

1.3.2 The clear cross-sectional are of air pipes on pas-
senger ships with cross-flooding arrangement must be
s0 large that the water can pass from one side of the
ship to the other within 15 minutes. See also O.3.

1.4 The minimum thicknesses of air and overfiow ni-
pes are to comply with Tables 11.13 a and 11.15 b.

1.5 For pipe materials sec B.

1. Sounding pipes
2.1 General

2.1.1 Sounding pipes are to be provided for tanks, cof-
ferdams and void spaces with bilge connections and for
bilges and bilge wells in spaces which are not accessible
at all times.

On application, the provision of sounding pipes for bilge
wells in permanently accessible spaces may be dispensed
with.

2.1.2 Where the tanks are fitted with remote level in-
dicators which are type-approved by BKI the arrange-
ment of sounding pipes can be dispensed with.

2.1.3 As far as possible, sounding pipes are to be laid
straight and are to extend as near as possible to the bot-
tom of the tank.

2.1.4 Sounding pipes which terminate below the dee-
pest load waterline are 1o be fitted with elfciosing shu-
toff devices. Such sounding pipes are only permissible
in spaces which are accesible at all times.

All other sounding pipes are to be extended to the open
deck. The sounding pipe openings must always be ac-
cessible and fitted with watertight closures.

2.1.5 Sounding pipes of tanks are to be proviciie_d close
to the top of the tank with holes for equalising the
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pressure.

2.1.6 In cargo holds, a sounding pipe is to be fitted to
each bilge well.

2.1.7 Sounding pipes passing through cargo holds are
to be protected against damage.

2.2 Sounding pipes for fucl, lubricating oil and thermal
oil tanks

2.2.1 Sounding pipes which terminate below the open
deck are to be provided with self-closing devices as well
as with self-closing test valves.

2.2.2 Sounding pipes shail not to be located in the vi-
nicity of firing plants, machine components with high
surface temperatures or electrical equipment,

2.2.3 Sounding pipes must not terminate in accommo-
dation or service spaces.

2.2.4 Sounding pipes are not to be used as filling pipes.

2.3 Cross-seclions of pipes

2.3.1 Sounding pipes shall have a nominal inside dia-
meter of at least 32 mm.

2.3.2 The nominal diameters of sounding pipes which
pass through refrigerated holds at temperatures below
0°C are to be increased.

2.4 The minimum wall thicknesses of sounding pipes
are to be in accordance with Tables 11.15aand 11.15b.

2.5 For pipe materials see B.

R. Drinking Water Systems

1. Drinking water tanks

For the design and arrangement of drinking water tanks
sece Volume II, Hull Construction Rules, Section 12.

2. Drinking water tank conneclions

2.1 Filling connections are to be located sufficiently
high above deck and are to be fitied with a closing
device.

2.1.1 Filling connections are not to be fitted to air pipes.

2.2 Air/overflow pipes are to be extended above the
open deck.

2.2.1 The upper openings of air pipes are to be fitted
with automatic closing devices and are to be protected
against the entry of insects. -

2.3 Sounding pipes must terminate sufficiently high
above deck.

3. Drinking water pipe lines

3.1 Drinking water pipe lines are not to be connected
to pipe lires carrying other media.

3.2 Drinking water pipe lines are not to be laid through
tanks which do not contain drinking water.

3.3 Drinking water supply to tanks which do not con-
tain drinking water (e.g. expansion tanks of the fresh
water cooling system) is to be made by means of an open
funnel or with means of preventing flow-back.

4. Drinking water pumps

4.1 Separate drinking water pumps are 1o be provided
for drinking water systems.

4.2 The pressure lines of the pumps of drinking water
pressure tanks are to be fitted with screw-down non-
return valves.

5. Drinking water generation

Where the distillate produced by the ship’s own eva-
porator unit is used for the drinking water supply, the
treatment of the distilate has to comply with the re-
guirements of national health zuthorities.

5. Sanitary Systems

1. General arrangement

1.1 For scuppers and gverboard discharges see Volume
II, Hull Construction Rules, Section 21.

1.2 Sanitary discharge pipes located in cargo holds are
to be specially protected. For minimum wall thicknes-
ses see Tables 11.15 a and 11,15 b. Individual saniary
discharge pipzs are to be connecied 1o common dis-
charge pipes.

1.3 The discharge lines of the sewage pumps z.e 10 be
fitted with a storm valve and a gate vajve which is to
be fitted in-the discharge line direcily at th? ship’s side.

A second means of preventing backflow is (o be arran-
ged either in the suction or in the pressure line of se-
wage pumps.

1
1.4 Sewage tanks

1.d.1- Air pipes are to be extended above the open deck
and are to be fitted with automatic closing devices.

1.4.2 A flushing connection is to be provided.

1.4.3 If, when the tank is full, sewage can flow out
through the sanitary arrangements connected, the tank

is to be fitted with a level alarm.

1.4.4 Ballast and bilge pumps may not be used for
emptying sewage tanks.

2. Additional rules for ships with classification mark
or

2.1 On ships with the classification mark &l or , the
sanitary arrangements are to be situated above the bulk-
head deck and their discharge pipes are to be so arran-

- ged that, in the event of damage, the undamaged .

~ompartments cannot be flooded by damaged discharge
lines even if the ship inclines temporarily.

2.2 Sanitary discharge lines on ships with the clussifi-
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Table 11.14 S-ctions of air and overflow lines
Tank filling Clear cross-scetionl)of air Remarks
and overflow and overflow pipes
systems
AP AOP oP DP?)
- 13 € _ _ .
Flooding per tank
£
bt
E’* Pumpin AQPorOP
0o umptig - with 1,25 f per tank - "_
=
[ e . .
Stand pipe Jwith 173§ 1,25 F cross-section of
overflow as K to over- — stand-pipe
pressure reliel per (an flow tank 125 F
Common over- /3T 1,251 125 F _
flow chest at chest per tank’ T
E
S -
2 | Common 5 cross-section
= overflow at r}n/":ilii;old llzlszu{k 1,25 F of manifold
= manifold ° | per 1,25 F
5 ;
o
G Over-flow tant Provided that the tank is fitted with a reliable alarm which
| ver-ilow tans operates when the tank is 1/2 to 374 full, AP = 70 mm 1.D.,
‘ AP = 1,25 F

Explanatory notes:

AP = air pipe

AQP = air and overflow pipe

OP = overflow pipe

f = cross-section of tank filling pipe
bDp =

F = cross-section of main filling pipe

pressures in the tanks in the event of overllow,

drainage line from overflow manifolds or chest to overflow tank

I} 1,25 { as the total cross-section is sufficient if it can be proved that the resistance to fow of the air and
overflow pipes including their shutoff devices at the chosen RowVelocitiescannot cause unaceeptably high

2) Drain pipes should be provided with means of obscrvation. Sight glasses must be able to withstand a test
pressuse of at feast 4 bar. Shuteff devices in drain pipes must be sealed in the open position.

3) Stand pipes must branch off from the filling fines or pump pressuse line without a shutefl device.
The pressure-reliel loop is to be fitted with a vent pipe to the open air.

cation mark @ or B which terminate below the bulk-

head deck are to be connected to a waste water tank

(sewage tank). Each watertight compariment shall
normally be provided with such a tank.

2.3 Where discharge lines from several watertight com-
partments are connected to one tank, the compartments
are to be separated from cach other by remote control-
led gate valves which are to be arranged at the water-
tight bulkheads. The gate valves must be capable of

being operated from an accessible position above the
bulkhead deck and are 1o be fitted with an indicator for
the closed position.

T. Hose Assemblies and Compensators of
Non Metallic Materials

Hosc assemblies are hoses and hose fittings in the ins-
talled and tested condition.
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Table 11.15a Choice of minimum wall thicknesses

" Location
Drain lincs
and scupper Alr,
pipes sounding
and
Jjoverflow
o .
o pipes
e =
=
Piping N
sysiem or = k.o2l8s
s P i~ R
position of T [Pz .
open pipe © = 01 =
tlet 5 o1 ol o
outiets 212 EYEY B ) o
= gl elels]| Ol 0 -
;N o = 0 O o v 5
o, ] = LI o
E |2 ‘B 5l s =
Gl o o | 21 2 o
0 S| Ejal»
=] =y a o | = = | = >
2|l s 8¢5 st§]8:68: 2D
= =S E SiEzpzio| g
= 2 |3 4 "-' = Q =
R R AR
o) (1) =] —
Sle 82853 = 8| B1G]|=2
Alr, over-
flow and
sounding C ClA
pipes
1
Scupper I
pipes from A
open deck !
Discharge A B I : A
and scupper !
pipes lead-
. . 1
ing directly B ah | B
overboard /
Dischurge | i
pipes of / ]
pumps for At
samitary f
systems
1} Group N minimum wazll thicknesses to Table 11.5 may be used
for drain pipes terminating in a non-watertight sewage treatment
plant.

Table 11.15b Minimum wall thicknesses of air,
overflow, sounding and sanifary pipes

Minimum wall thickness
Pipe 0.D fmm]
{mm]
A B C
38 - 82,5 4,5 7,1 6,3
§8,9 4,5 8 6.3
101,6 - 114,3 4,5 8 7.1
127 - 1397 4,5 8,8 8
152.4 4,5 10 8,8
159-177.8 s 10 - 88
193,7 5.4 12,5 3,8
219,1 59 12,5 §,8
244,5 - 457,2 6,3 12,5 8.8

1. Scope

The foliowing rules apply to hose assemblies in fuel, lu-
bricating oil, hydraulic, compressed air, auxiliary ste-
am and water systems and to compensators made of
non-ntetallic materials.

For rubber compensators for bilge and ballast lines see
D.1.3.

Rubber compensators arc not permitted in the cargo li-
nes of tankers.

Hose¢ assemblies in CO, systems are subject to the
“*Regulations for the Type Testing of Hoses for Car-
bon Dioxide (CO,) High-Pressure Fire Extinguishing
Systems’’.

Hose assemblies in halon systems are subject to the
*’Regulations for the Type Testing of Hoses for Halon
Fire Extinguishing Systems’’.

2. Requirements

2.1 Proof must be provided that hose assemblies and
compensators including their connection fittings are sui-
table for the intended working media, pressures and
temperatures, )

2.2 Hose assemblics and compensators shall be selec-
ted for the maximum allowable working pressure of the
svstem concerned. At least 5 bar is to be considered as
the minimuum working pressure. The bursting pressure
is subject (o the requirement in Z.3.

2.3 Hose assemblies and compensators shall be desig-”
ned for a bursting pressure equal to at least four times
the maximum permissible working pressure,

Compensators with nominal diameters of more than 400
mm are 1o be dimensioned for a bursting pressure of
at least three times the maximum working pressure.

2.4 Hose assemblies and compensators in fuel, lubri-
cating oil, hydraulic and seawater systems shall be
flame-resistant.1?

3. Layout

2.1 The flexible hoses are not t¢ be longer than requi-
red for the application. The bending radii are not to be
less than specified by the manufactures. Flexible hoses
are (o be arranged in accessible position.

3.2 The flexible hoses are to be bound or pressed in the
end fittings. -

Water lines with working pressures = 5 bar and super-
charge air and scavenge air lines may be connected to
flexible hoses by strong clips.

1} For the purpose of these Rules, a hose, or a hose provided with
suitable flame protection, is considercd to be "flame-resistant”
if it is able at an internal pressure corresponding to the service
pressure {of at Icast 5 bar) and with a through-flowing witer tem-
perature of approximately 80°C at the hose butlet to sustain for
a period of at leat 30 minutes a temperatures of aboul 800°C and
exposure to flames without the integrity of the hose being impaired.
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4. Testing

4.1 Hose assemblies and components are 10 be subjec-
ted to a pressure test. The test pressure shall equal at
least 2,0 times the maximum permissible working
pressure.

4.2 Proof of the bursting pressure of each type of fle-
.xible hose is to be submitted 1o the Society.

4.3 The pressure testing of flame-resistant flexible ho-
ses is to comply with the Regulations for the ’Flame
Resistance Test for Hoses and Compensator Made of
Non-Metallic Materials''.

5. Cargo hoses

5.1 The sclection and testing of cargo hoses are sub-
ject to the Society's ""Requircinents and Testing of
Cargo Hoses Made of Non-Metallic and Metallic Ma-
terials™.

5.2 The cargo hoses of gas tankers are subject to the
Saciety’s Rules specified in Volume [X, Section 5.4,

5.3 The cargo hoses of chemical tankers are subject to
the requiremenis specificd in Scetion 13, D.2.2.3.
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DETERMINATION O SHIP RESISTANCE -

results from towing icsts have been coordinated.
The analysis of the collected basis material has been
carried out in the following way:

1

b

-

3.

Figure 5.5.4.

zo%:i &

All data have been referred to the model area,
and the mode! resistance (R, has been deter-
mined as a function of speed.

The specific total resistance coefficient of the
model (Cr.,) has been determined:

(5.5.9)

where p is the mass density, V,, is velocity of
model, 5, is wetted surface of model (= mean
girth X length on waterline).

The specific residual resistance coeificient has
been determined from

CR = CTm - CFm (55»6)
where Cr, is the specific frictional resistance
coefficient. The “ITTC 1957 model—ship corre-

lation line'* has been used to determine the fric-
tional resistance coefficient

0.075 )
5

Ce = (logaR, — 2)° 2

h

N

where R, 15 the Reynolds Number (VL/»,
where v is coefficient of kinematic viscosity and
L is the length on waterling). In Fig. 5.5.4 con-
tours of Cr are given for different values of V
and F,. The abscissa is the length L of the
model. The diagram correspondsto v = 1.139 x
1075 m s~ p = 1.000 t/m3, and T = 15°C. The
diagram may therefore be used at other condi-
tions, that is, other densities and temperatures,
oniy if the length is altered before enfering the
diagram to

1.139

105y L

Ly = (5.5.8)

Cr has been expressed as a function of Froude

number

v
VgL

F, (3.5.9)

(the speed-length ratio V/V L, where V' is mea-
sured in knots and L is in feet, is found as a
subscale on the Cp diagrams).

N
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i i
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Fi- (log,g R,,-‘Z)z
| [} 1 1

FRESHWATER 15°C
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The frictional resistance coefficient Cp (according to FITTC 1937} as a function of ship—modet length L and speed V.
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5. The results have been arranged in groups ac-
cording to length—displacement ratio L/¥1* and
the prismatic coefficicnt ¢ of the model. Here V
is the volumetric displacement and

w = J—LBY_T,G (5.5.10)
where £ is breadth, T is draught, and 8 is mid-
ship section area coefficient.

6. The main diagrams have been drawn giving the
mean curves of Cr for the breadth—draught ratio
BIT = 2.5, The diagrams are shown in Figs.
5.5.5-5.5.13.

In some places in the diagram the curves are dotted
in order to indicate that they have been based either
on very few test results or determined by extrapola-
tion. The uncertainty is therefore . comparatively
great in these areas. Furthermore, it should be
noted that the uncertainty is also great in and near
the areas where the curves have pronounced
humps, especially where the slope becomes nega-
tive. Small alterations in the hull form in these areas
can considerably infiuence the Cg value.

T rmust also be mentioned that the resistance
curves correspond to vessels with a standard form,
that is, a standard position of the center of buoy-
ancy, standard B/T, normally shaped sections, mod-
erate cruiser stern, and raked stem.

The resistance R and the effective power Py for a
new ship can then be calculated by

R =CelipV-8) (N)
P =RV (kW)

(5.5.1D)
{5.5.12)

where the total ship resistance coefficient is

Cr=Cp+Cr+Cy (5.5.13)
where
Cr = residual resistance coefficient, which for
the “*standard’ ship form can be taken from the
dingrams (Figs. 5.3.5-5.5_13)
e = frictional resistance coefficient, which can
be calculated by

0.075 ‘

Cr = lognk, = 31

(5.5.14)

or can be taken {rom Fig. 5.5.14 where contours
of Cr are given from different values of V. The
abscissa is the length L of the ship. The diagram
corresponds tov = 1.188 x 1076 ms™!, p = 1.025
t/m?, and ¢ = 15°C. The diagram may therefore be
used at other conditions, that is, other densitics
and temperatures, only if the length is altered
before entering the diagram to:

1,188
108y

Ly = L (5.5.15)

C, = incremental resistance coefficient, which is
a coefficient correcting for roughness of the sur-
face and scale effect on the results from the
model experiments. In this way C, will depend
on the way in which Cr and Cr are fixed.

If the ship has to'tow, R must be replaced by R + F,
where F is the two-rope pull.

As ships are generally different from the stan-
dard to a greater or lesser extent, the following cor-
rections should be taken into account, when the
ship resistance of the ship and the environments
had to be taken into account.

BIT

As the diagrams have been prepared for a breadth-

draught ratio corresponding to

BIT = 2.5 (5.5.106)

a correction must be made if Cp is desired for a ship
with a larger or smaller breadth—draught ratio.

Examination of the present test material has

shown that the following correcting formula can be
recommended:

503CR = IOJCR(H;T-;z_s) + 0.16 (B/T - 2‘5) (5517)

The correction may be positive as well as negative.

LCB

The Cg curves are intended to correspond to ves-
sels with a longitudinal position of center of buoy-
ancy {LCB) near to what is today considered the
best possible position. The optimum LCB is a quan-
tity that is in some doubt, and the available litera-
ture shows differences of opinion that make the pic-
ture rather confused. The dependence of ship
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Ihate
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Figure 5.5.15, Standard L.CB. The longitudina! position of the
. center of bupyancy that is considered the best possible. ‘

resistance on LCB is, however, evident at higher
speeds. In an attempt to make some order out of the
confusion, the available information has been col-
Jected and condensed in the Fig. 5.5.15, which must
be regarded as the standard LCB of the method.

The standard LCB has in this way been defined
as a linearfunction on the Froude number Fy. Asno
safe dependency on other parameters have been re-
corded, the standard LCB is represented in the dia-
gram by a single line, and the shaded area around
this line illustrates the spread of the examined mate-
rial.
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Figure 5.5.16. The correction of the residual resistance cocffi-
cient for LCB 195 forward of siandard. The correction is thus
{3 10°C,/4LCB)|ALCB], where ALCB is the fongitudinal distance
between actual and standard LCB in percent of L. There is no
correction for LCB aft of standard. The correction is always
positive.

10

As the standard position of LCB is, as mentioned
earlier, assumed to give the smallesl poussible resis-
tance, all other positions must in principle give re-
sistances that are farger. The increase in resistance
is to be found by multiplying the deviation ol LCB
from standard

ALCB = LCB — LCByuadars{LCB 1n % of L)
(3.3.18)

by a factor 310°Cx/aLCB. The values of the factor
may be obtained from the Fig. 5.5.16, which is valid
for the case where LCB is forward of LCBundurd-
When LCB is aft of the LCByandard, the sources arc
very contradictory, and as the tendencies are very
slight, no serious error will be introduced by nc-
glecting the correction in such cases.

The corrected residual resistance coefficient for
a ship with LCB forward of standard is conse-
quently determined by:

103Cg = 10°C + f’ul—(}-‘ﬁﬁ ALCB| 5 19
R Ristandard} aLCB 1 | 2.2, )

The hull form dealt with in Ship Resistance is the
hull form that was common for merchant ship types
around 1960, that is, up to the time of publication of
Guldhammer and Harvald (1974). This hull form has
the aft perpendicularly piaced in the axis of the rud-
der stock and the fore perpendicular in the fore end
point of the design waterline. Since 1960 the bull
forms have been developed further, and they have
also become more varied, for instance, various bul-
bous bows have become widely used. The formulas
given here for resistance calculation can be used for
the modern and more varied bulb forms as well as
for the traditional forms, provided the following
more suitable definitions of L and LCB are used.
The calculation length L is defined as the length
between the fore and aft limits of the displacement,
that is, the ultimate length of the submerged part of
the hull, Lgs according to ITTC standard. For ships
of traditional form with no bulb this length is exactly
the waterline length.

LCB defines the longitudinal position of the cen-
ter of buoyancy as the distance from this point to
the midship section, positive aft of this section. The
midship section is defined as the section at a dis-
tance of 48.5% of L from the fore limit of the dis-
placement. L is the calculation length described

- above. The midship section thus defined is there-
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fore the midpoint between the auxiliary perpendicu-
tars AP, — FP; compare Fig. 5.5.17. AP — FP, for
a normal form will coincide with the perpendiculars
defined in the usual way AP — FP.

HuLL Form (SHAFE OF SECTIONS AND Bow)

As previously stated it is assumed that the resis-
tance curve (deduced from Figs. 5.5.5-5.5.13) ap-
plies to a ship having a “standard’’ form, that is, the
sections are neither distinctly U shaped nor V
shaped.": Therefore, in calculating the effective
power of a preliminary ship design it should not
normally be necessary to make a correction for
shape of hulf sections. If the sections are extremely
U or V shaped, the 10°Cg values may be corrected
as follows: Corrections to 103Cy for shape of sec-
tions

Extreme V

Fore Body Extreme U
~0.1 +0.1
After Body Extreme 1J Extreme V
+0.1 =01
{5.5.20}

These corrections cover the speed range V/\/ﬁ, =
0.20-0.25. Furthermore, it must be considered that
the ‘‘standard’’ form is a form with well-designed
lines. If it is necessary to alter the lines due to the
operating requirements of the ship, or allowance to
the power must be made, it is reccommended that Cp

be increased by 10% and perhaps 20% or more for
rongptimal lines.

Concerning the bow, the standard form must be
regarded as having an orthodox nonbulbous bow.
For a vessel with bulbous bow having Agr/Ax = 0.10
(Agris the sectional area of the bulbous bow at the
fore perpendicular and Ay is the area of the midship
section) the following corrections to 10*Cr are sug-
gested:

1
A l
]n Lzlw 1/ owL
o2 Lep ji
APP 3%
oF L
AP FP
B :
bes L= lwe !L/ DWL
s Lo /|
APRI Y%
QF L .
C AIP F!P
A, L=lye *J[/ WL,
L s
PP jl
APR 3%
* alp FiP
p A |
Lwe —4/ . owt
= - L= L,US flj
7 - Lpa == ! i
S oE
AP Fp

Figure 5.5.17. DPefinition of L and LCB. (2) Normal form,
Length of the stern in the waterline is nornially approximately
3% of L. (b) Hull with no sternpost. AP often placed in the
endpoint of PWL. For LCE correction APy 3% of L before the
endpoint of the waterline is used. (c) Hull with stern of extreme
tength. For the LCB corvection AP, 3% before the endpoint of
the waterline is used. (d) Hull with bulbous bow. FP, is the fore
limit of the displacement.

With Agr/Ay = 0.10 the bulbous bow is rather pro-
nounced. For 0 < AgrfAy < 0.10 the correcticns are
assumed to be proportionai with size of bulb.
These corrections are valid for ioaded conditions
only. At ballast conditions the corrections due to
bulbous bows will give an opposite picture. Full
forms (@ > 0.70) will show a remarkable decrease in
resistance, the corrections having two to three
times these values, whereas the resistance for fine
forms (p < 0.60) generally will tend to increase.

F,=0.15 0.18 0.21 0.24 0.27 0.30 0.33 0.36 ®
+0.2 0 -0.2 —0.4 —0.4 —0.4 0.50
+0.2 0 —0.2 —0.3 —0.3 0.60
+0.2 ) —0.2 —-0.3 —0.3 : 0.70
+0.1 0 -0.2 0.80

(5.5.21)
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APPENDAGES

Rudders No correction. The
standard form is in-
tended to include a

rudder.

Bilge keel No correction. (12

Bossings For full ships add 3-3%
to CR.

Shaft brackets For fine ships add 5-8%

and shafts to Ck.

INCREMENTAL RESISTANCE

For many years it has been general practice 10 272
a correction to the Crs for the ship, in orgs: 2
include the effect of the roughness of the surfzz: o7
the ship, which will never be ‘‘model-smooth™ =» 22
when brand-new and freshly painted. This iz:rs-
mental resistance coefficient for model-ship co72
lation has very often been fixed at Cg = (Lin=
More recent experience has shown that this czzza:
be true in all cases. Therefore, the following comze-
tion for roughness and scale effect is proposel Zo7
the trial condition:

For vessels with L = 100 m, 10°C, = 0.
= 150 m = (.
=200 m = Q
=250 m = (.
= 300 m = (LS
(5,505

Some find the corrections given in Section 2.2
more suitable, that is,

Displacement
1000t C,= 06x107
y . 10000 t 0.4 X 1073 (3.5.2%)
A 100 000 ¢ 0
1 GO0 000 t —0.6 x 101

It must be mentioned that these corrections of ihe
frictional resistance coefficients are stifl rather un-
certain.

APPENDAGLES

The correction of Cp for appendages is made by
simply increasing C,- proportionally to the wetted
surfaces of the appendages. Thus

. RY
Cp = Cp 3
where S is the wetted surTace of the hull and Sy s
the wetted surface of the hull and appendages.

AIR RESISTANCE AND STEERING RESISTANCE

The air resistance may be determined by usc of data
for the abovewater structure and the air. The mag-
nitude of the air resistance is, however, very oflen
of minor importance and the expenditure ol effort in
making an accurate calculation may not be justilicd.
Therefore, in the absence of knowledge of the wind-
age of a ship design it is suggested that 10'Cy be
correcled by

10°Cqy = 0.07 (5.5.26)

The correction for steering resistance may be ubout

but may for course stable ships under favorable
conditions be negligible.

1t can be seen that both corrections arc small and
that for a preliminary design they may be assumed
1o be included in the incremental resistance.

THE SERVICE CONDITION

The resistance and the effective power calculated
by use of the diagrams given here correspond Lo the
values for a ship in the trial condition, that is, for
ideal conditions as regards winds and waves, deep
sheltered water, and smooth hull. For the mean
service condition an extra allowance has to be made
for the resistance and the effective power because
of wind, sea, erosion, and fouling of the hull, This
extra allowance is dependent on the shipping route.
The following average scrvice allowances (some-
times called sea margin or service margin) on he
calculated resistance or effective power are pro-
posed:
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Notth Atlantic route, eastward, 15—
209 in summer and winter, respec-
tively

North Atlantic route, westward, 20~
309% in summer and winter, respec-
tively .
Pacific route, 15-30%

South Atlantic and Australian routes,
12-18%
. East Asiatic route, 15-20%

(5.5.28)

The total resistance has 10 be calculated from

Ry = Cy(tpV3S) (5.5.29)
where S is the weited surface of the hull.

Numerous methods for approximate determina-
tion of S exist. Usc of one of the following two
methods is recommended:

1. The publications FORMDATA -V (Guldham-
mer, 1962, 1963, 1967, 1969, 1973) contain hy-
drostatic data for a comprehensive series of
systematically varied ship forms. The wetted

.« gurface of these forms are mapped (volumes

[11-V) using the cocfficient

S

= TB + 2.5T) . (5.5.30)

If the actual form for the preliminary ship de-

sign largely coincides with one of the FORM-

DATA forms, an error of less than 1% in the
determination of § will be obtained.

2. For normal merchant ship forms the wetted sur-

face can be obtained from the following formula

(a version of Mumford’s formula):

S = L025Lpp(SppB + LTT) (5.5.31)

The FORMDATA [8] diagrams and the preceding

formula correspond to ship forms having a vertical

stern and stem at the perpendiculars. Most ships

will have a wetted surface corresponding to this as-

sumption as the plus and minus areas will balance

each other. For ships with a large underwater over-

hang or with large cutowts, these conditions ought
to be allowed for in the calculations. -

The calculations of the resistance and the effec-
tive power can be carried out as shown in Sample
Form for the Calculation of Effective Power (see p-
132). The calculations can be performed using mini-
computers. Many naval .architects now have com-
puter programs for such calculations.

In the design stage the main question to be set-
tled is the type and size of the engine (e.g., number
and dimensions of cylinders if diesel machinery).
The determination of the resistance must be suffi-
ciently exact so that, on the basis of effective power
Pp, it is possible to determine the shaft power accu-
rately enough to arrive ata safe solution to this vital
question.

On the other hand, trying to attain greater accu-
racy than necded to solve this problem makes little

_scnse. The uncertainty of the factors invelved is
considerable, and readers are warned against wast-
ing time in attempting to squeeze the last ounce of
accuracy out of a calculation that can only be an
estimation. .

In diesel-engined ships a change in the number of

" cvlinders from, say, 6 to 7 or from 11 to 12 means
that the power is changing by about 17% or 8%,
respectively. By modifying the mean effective pres-
sure and number of revolutions it is possible to vary
the continuous output by about 10%.

Turbine manufacturers have corresponding steps
between types.

On the basis of these considerations perhaps the
required accuracy in the determination of Pg for a
preliminary ship design can be fixed at 1 up to 5%.
This accuracy will be easily obtained in many cases
by using the diagrams and the calculation forms in
this section.

The diagrams and the formulas can also be used
in the following manner. Every time the naval archi-
tect has a result from his or her own towing experi-
ments the results are pricked in on the diagrams.
Then when making an estimation of the resistance
for a proposal for a new ship, the naval architect
uses his or her own data as basis material and uses
the diagrams and the formulas in this section to cor-

‘rect the data. Often the results will be very good
when using such a procedure.



Sekalipun masih banyak masalah yang belum dapat
dipecahkan sepenuhnya mengenal pelaksanaan ujt
model di terowongan Lavitasi, percobaan demikian itu
dapat memberikan bauyak informasi dan petunjuk
mengenai  berbagai pengaruli yang merusak  dari
kavitasi.

6.6.6. Kriteria untuk Penccpahan Kavitasi

Dalam menyiapkan proposal awal untuk kapal baru hal
yang ingin diketahui oleh pihak arsitek kapal dalam
tahap dini adalah ukuran utama dan karakteristik
baling-baling. Baling-baling harus demikian rupa hingga
idak terjadi kavitasi yang mcrusak; karenu itu, periu
adanya kriteria sederhana uatuk memprakirakan
terjadinva kavitasi. Kriteria demikian itu dapat
didasarkan pada gaya dorong baling-baling raia-rata
tiap satuan luas proycksi permukaan daun dalam
hubungannya dengan angka kavitasi. kadang-kadang
angka kavitasi sctempat. Buarill (1943) emakai
kocfisien yang 7. yang didefinisikan sebagai

T/ A, T/A,
e = 5 = (6.6.27)
‘ vap(Vi)” Goan
T = gaya dorong haling-baling
Ap = luas proyeksi daun
p = massa jeris

Vp = kecepatan velatif air pada 0,7 jari-jan viung
R .

Gore = ekanan dinamis pada 0,7 jari-jac ujung

Dalam diagram yang diberikan oleh Burill = digambar
berdasarkan angka kavitasi sctempat pada 0,7 jari-jari :

Poa — Py .
Cn‘-.-ﬁ = - (6.(}.28)
uan

li

Pe-P, = tekanan pada garis pusat baling-buling
P = tckanan scleliling yang absolut {absolute
ambient pressure)

P, = tckanan uap air

Tekanan absolut sekitar (sckeliling) niya paca garis pusat
baling-baling adalah tckanan atmos{ir ditambah dengan
tekanan dari kolom air di atas poros baling-baling; ini
berarti

Py = atm 4 pg(T — £ + L) (6.6.29),

KAVIETASE i

> adalah massa jenis, g pereepatan aravitasi, 7 saral
kapal, £ tinggi fctak poros dary garis dasar, dan ¢4 '
adalah amplitudo gelombang. {4 dapar dianggap
sekitar 0,0075L atau dapat perkirakan dengan merakai
diagram di Gb. 6.4.12 atau 6.4.13. L adalah panjang
kapal.

Jika tekanan atmoslir sama dengan 1083 kN/m?
(atav kPa) {tckanan atmoslir standar pada permukaan
laut) maka p,—p, pada i5°C menjadi

10,05(7 = (kPa)

(6.5.30)

Do = P ~ 99,6 - E v §a)

p. pada 15°C adalah sekitar 107 kPa. Variast g2,
erhadap suhu ditenjukkan di Gb. 6.6.7. Kurva terscliut
dianggap berlaku baik untuk air tawar maupun uniuk
air laut.

Kecepatan relatil air pada 0,7 jari-jari ujung adalah

Ve = ¥ V5w (0.7 7D

V4 = kecepatap maju baling-baling
D

n = lzju kisaran

Il

garis-tengah baling-baling

Luas proveksi daur baling-baling A, hampir <una
dengzan

Ay ~ An(1.067 ~ (1,229 P10 (6.6.31)
4 000 . 2
TEKANAN | ‘; / \
N’.-;_nz UAP AR ‘ . / i
(OR o) } ' l I/
3000 - i /i
2 000 -
1000 /
o
¢ i | { |
0 5 10 15 10 25 on 30
SUHU AIR

N Gambar 6.6.7.  Kurva tekanan vap air terhadap subu.
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p adalah luas kembarg daun baling-baling; delam
arhitungan kasar luas ini dapat digarti dengan luas
sntang daun baling-baling Af.

Gambar 6.6.8. menunjukkan salah satu kurva yang
fajukan oleh Burxill (19433, Kurva tersebut merupi-
an kurva “bzatas atas yang disarankan untuk baling-
aling kapal niaga”, waitu berarti bahwa untuk
ierighindari kavitasi yang berlebihan dan crosi dalam
ondisi pelayaran rata-rata di laut maka baling-baling
apal yang bersangkutan harus bekérja di bawah kurva
:rsebut, ’

“Kriteria tericbut dapat pula dinyatakan dalam syarat
ahwa luas bentang yang dipertukan havus tidak wurang
art

A E)
A_t)‘ s.|i:c
T

T A4,(1,067 — 0,229P/D)(0,3a

0s
0,78

- 0,03)q01x
(6.6.32)

, adalah luas diskus baling-baling (= wD?*/4).
riteria ini sangat kasar. Van Manen memakai teori
usaran untuk menghitunag seri baling-baling berdaun

dua, tiga, empat, dan lma dengan berbagai rasio fuas
dzun dan dengan berbugai rasio langkah ulir. Hasiluya
digambar dalam diagram (Mancen, 1957b, CGb. 66 dan
67). yaitu ssperti Gh. 6.0.8. Hasittersebut menunjukkan
ketergantungan kriteria  kravitasi® terssbut pada
parameter tadi, terutama pada ragio langkai ulir.

{1asil yang diberikan di Gb. 6.6.9 adalah hasii dari
baling-baling berdaun emipat dengan rasio luas bentang
0,60 dari seri baling-baling kapal niaga yang diuji di
suatu terowongan kaviiasi (Burritl dan  ¥werson,
1962~ 1963) terhadap koelisien maju dan angka kavitasi
dalam rentang yang luas. Dalam gambar terscbut
diherikan garis untuk 2,5%, 5%, 10%, 2080, dan 30%
kavitasi punggung yang timbul. Dari gambar tersebut
‘terlihat bahwa garis batas atas untuk baling-baling kapal
niaga yang ditunjukkan di Gb. 6.6.8. terletak sangut
dekat dengan garis untuk 5% kavitasi punggung. Hasil
pengamatan baling-baiing menunjukkan balwva jika
baling-baling tersebut bekerja pada kondisi perancangan
atau pada kondisi kerja yang sesuai dengan garis 5%
rnaka baling-baling itu akan didapatkan dalam keadaan
yang cukup bersih dan bebas crosi, barangkali bukan
karena mengkilapkan permukaan logam tersebut setelah
beherapa tahun bekerja. Karena' satu dan lain hal
mengusahakan agar mendapatkan luas daun yang
sekecil mungkin lebih disukal daripada mendapatkan
kelebihan luas daun yang besar.
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Grambar 6.6.8.

Dingram kavitasi (Bu rrilb).
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Cambar .69,

Untuk merancang baling-baling dengan memakai
cori sirkulast (lihai Bab 6, 6.7.5) perin icbih dulu
nemilih garis tengah Dbaling-baling, umumnya di-
entukan dari diagram rancang (misalnya, Gb. 6.3.14).
{arena itu untuk menghindari kavitasi dipérlukan suatu
riteria yang aﬂak umum dalam pemilihan luas daun.
Diagram di Gb. 6.6.8 dapat dipakal scoapai pedoman
lemikian Jika beotuk penampang daoun (elah
tiketahui maka distribusi tckanan di scheliling
wnampang tersebur alan dapat dihituog (lihat Bab 2,
.4 dan 2.6), atau mengukurnya di terowongan angin
tau di terowongan air. Dengan memakai teori sivkulasi
aaka sudut insiden (angle of incidence) yang sebenarnya
erikul pengurangan yang maksimum untuk tekavan
ada punggung penampany dapat dicari. Tekanan yang
thitung tersebut kemudian dapat dibandmgkan dengan
ckanan statis py—f, vang ada. Sudut insiden yang
ebenarnya tergantung paca pola arus ikuot di tempat
ckerjanya balitig-baling dan dalam satu kisaran Laling-
aling sudut tersebut akan berubah-ubah. Perhitungan
arsebut barus dilakukan dengan memakai tuirga arus
<ut mengeliling ratn-enia pada setiap jari-jari ertentu,
Jengan demikian maka kavitasi akan werjadi pada
isaran yang agak lcLib rondah daripada vang diliiiung,
shingga Narus diberikan kelonggaran uniuk iiu. Sering
ahwa setelah perhitunean selesai dilakuican kemudian
ibuat model baling-bulirgnya dan dilakukan pengujian
iterowongan kavitasi untuk memasfikan didak ter I«.tdl-

ra pengaruh kavitasl yang merusak.

itu.
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Dingram kavitasi wntuk seri model hating-taling
- berdann empat watek kapal ais
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TRORI PERANCANGAN BALING-BALING
6.7.1. Pendabuluan

Telah banyak teori yang diajukan untuk menjetaskan
cara sebuah baling-baling menghasilkan gaya dorong.

Semua teori tersebut dikembangkan melakui pekerjaan

yang sangal banyak, baik sccara teoritis maupun
memakai percobaan, yaong ditakukan dalam cabang
ilmu acrodinamika. Sckalipun demikian belum ada tzori
yang diajukan yang memperhitungkan semua {aktor
yang terlibat dalain aksi baling-baling. Sciain itu,
sckalipun konscp dart scbhaginn besar teori tersebut
cukup scderhana matematiknya cukup rumit schingga
harus dipakai sejumtalv anggapan tertentu untuk
menyederhanakan masalahnya, Teon tersebut dapat
diterapkan dalam praktek dengan memakar komputer,
{z2tapi pemakaian (eori yang nkan diberikan berikut ini
dan program komputer begitu saia lanps memabami-
uya kadang-kadang dapal membual malu yang besar.
Karena itu, perancangan praktis baling-baling kapal
vang cocok uniuk kondisi yang diberikan masih sering
terganfunyg pada hasit pereobaan yang dilakukan sceara
sistematik  denpan memakal model baling-baling;
pemakaian pectimbangan yang baik merunakan hal
vang hakiki., Di lain pihak, pengetabuzn  teorids
mengenai cara kerja baling-baling merupakan hal yang
penting bagi pilak arsitek kapal untuk dapat meng-
hasitkan rancang bangun baling-baling yung terbaik.
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~-s winch head diameter is

VD',.,::(E) to 8) ﬁ:f
=g sneed, ©,, wilh which the boais are hoisted and lowered
aned so that if the ship is rolling one of these operations can
ted out during the rolling period. This can be accompiished
ring-in speed is greater than the vertical ccmponent of the

3
)
f
ey

~--_= spead of waves running along the length of the ship. if has

--=- established that ihe-boat hoisting speed must be at least v,=
15 m per sec under these condifions. The heaving-in speed of
;ackie fall when single-sneave biocks are used must in this case

», = 0.3 m per sec. )
The required winch head speed is iound from ihe equation

z

a (D, “i"d,.f} n.‘zmﬁovf

Fed

n, = 80y 191 =L tpm
AT a{Dy+dp) nty ‘

Assigning a motive unit speed (n, = 500 to 1,600 rpm for elec-
-« motors and n, = 200 to 380 rpm for steam engines), we can
~d the gearing rtatio of the boat winch. Thus

tri

i

n H

by ..
7 iy,

In designing nonreversible worm gearing the number of teetw
on the worm wheel is faken in ihe range [rom 24 to 4. The pulling
lorce oi the winch head is equal to the sum of the pulling forces on
ihe tackle falls: | :

T €= A
=1 pax ! T.urz.".'z

t

Disregarding friction losses, ihe torque developed on the winch head
shait wiitl be

T{Dlt+d[)

i, = 3

~

i the winch has an eificiency of 7, the torque and power on the
molive unit shaft will be

1\/1,,-;1,1'—".__“_!”" - T Dxrdp

Nhpurt b ?‘\bw‘-bw
and - - - - -
Mo )
N,= -—[—1’”—"—_’1’6 metric hp

The cylinder diameter and indicated. power of.. steam boat
winches are determined from the same Posdyunin formulas used in
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Praitie .

. Lyen .
of gravity are not' yet exactly known in the garly project
accomplish the regquired speed
¢he designer has to zlter the hull. This alteration,

£ T 2 T h- R R — e
srtayge. 4 thie model 1oy nd
E 7 4

fag 3

. now-

ever, is possible in the early project stage only. If the
L,

t%ial epeed in ballast condition eorresponds to the model ’

trial speed in ballast, it can ba asdumed

A asr
specd in loaded condition is attained too.

+that service

Service speed of a ship is smaller than_trial speed because
7 . . . B
of:

[
]

i
- increase of resistance by wind morc thaﬁiBeaufort 2
- increase Of resiutance by seaway °

—lincreae of regjst&nce by fouling on shell plating.

In general

Vgrial =z 1°06.Vsarvice (thisg- corresponds.to a power

. @ k marqin of aboutl 20 - 25%)

The propeller is designed for 85% ). QOQ Qf'the driﬁi g -,
power, at 100% of ravolutions. i

Consumables -and- tanka

¥

. -2 - . .\' M
There ara some more special requirements in ship designt
Capsacltiss of

- e

p L H
" Lo .

-~ consumaples

|

proviaslons

‘ballast.

a) consumzbles are (depending on type of engine plant, tim

one round trip, nurber of crew wembers):

~]fuel oll

i ) . . . , 8 7-; -
“Euel oil [eJ PBne  Pme f Pga " P 10

-

Ii'- . '51'3 . 5 105
last brackets for reserve:

fuel irests in tanks
seaway
- wind-



i = break
fime .

4o
me

total power
spoect
operating range
v = spéed.[ﬂq]

0.736 ¢S (B}

(53

IRY

-

-
a———e
1y
PR
-~
u

r

SpreclBie fuel o1 consumption

for two-strake engines b =

for
5 b S
full power: addition 5%

for
foq dlesel fue): reduction 5%

For steam turbines:
ror st

Slandard circulation without

livesteam: 64 ... B2 bar acs

b =
Wwilh furnace Jay ruheat

livestoam: 4]

by =

Por qas _turbinas;

Guso%inc

|
i

and llght erude olls

b =

—_—

Speclfichgeiqht-of heavy fuel

four-stroke engines with cylinder

|
furnace gas reheéat
513 .,

« 110 bar at 513

horsepower of the main engine [kwj E
= gpecific fuel oll*consumpﬁiod main engine [@/KH-Q}
of - auxillary engines [Ku]

(ic fuel oil consumption auxiliary engines [Q/ngqj

CBwcont brat oni

1 HPLRaWeposuge )

TS fuwet “Prendg T sl

=07 ﬁ_lc;tq\:;;x to

B ol P - Cheva! Vi )

1@@%wmxmmmﬂmw@mmLmﬁmJ

= P ’ML foods e Lecond

Fo.9% . j .

el U (fitoneery )
RERR = IO00 Wity

Atong rpev = OGO e,
 Skore e 2y SO ST

: = Lo he

=189 5 ur
205 ..,

POWer imore than 300 Ki

196 ... 209 [g/kw-n]
|

.

-
i - .
(dcpendeqt on heating value
of diescel fue?)

|

.. 538°C

278 286 [g/Ku-n7] . ’

538°¢
252 265 [@/Kw-q]
299 312 [g/Kw-h] !

oll: y = 0,95 t/m>

chuifOGKVolume of storage tanks . »
: W
Vv =
oil

:I»’L,J z o

+

NN

-

AR

211 [Q/Kue R 2757 fox fast e s
: |
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Additlons to the volume

T {or double bottom tanks
- f . 2% for top tanks and deep tanks
- U for thermal expansion, 1{.ec. 98% filled only.
i
Digsce ci oll

l
uscd for auxilliary cnglines and for the main engine during

Gstuary trading.
¥ . .

. L= i
“itesel SR ©.2) “heavy fuel oil
e weiale Ve = 5 e/ A
5P9C1f19 weight }}aieScl = 0.85 t/m | . . .;
‘ : . g | o : T 't
Vodum;. Vatesel ™ _diesel 1 m3j
; Yatesel

adLitions see fuel oill

l.ubricetion oll |

-~
[P

3 o

... 50 ¢t lpbricat;on oil,

because otherwisa the tanks will get too smﬁll
: Y |

to owner's desirel}. '

in general ships have about 30

(WCCordLno

- I S . ] -: L i

Vibr. = Pome T Pra i3 .+ addition ol
) serv .'f I

b = 0.8 .2 [g/xw-n] diesel enginé'tw5 stroke

b = %.2 ... 1.6 [g/KW-h] diesel" engine four stroke..

b = 0,14

[g/£8*h] turbines and gearboxes

spbclftc wolght Ylﬁbf = 0.90 t/m3 :

2

ﬁf

' .. . 4, /‘".JJ & \”A\‘\‘)
Frcsh waler - A L
|

“jdrlnking water 10 ... 20 kg/pers ° day. .
ufwashing water 60 kg/pers - day without bathing rOOm

_up to 200 kg/pers . day with bathing’ room f{
ler feed watef ©O.14 kg/KW-h plus firat leling

F o

- bo

additions te the tank volume: i .l: 4% for- hpecial coétings

in case SE fresn watér'
Fresh water tanks have to be éepafated frOm all other:tanKLsﬂQ



i) Ua]iggg_gapagitx ‘used for

oim {(Linme

rsion of  Propellex
HvalUl”g 0£ uuf‘icient sta
voyage)

he linq (heavy 1ife vesselg;
bccuu°e of container guldes

Honqitudinal 5 (bulk

lon Qf ship (tanker,
way ; therefore light or hea

trength

1nmu=rJ

Ballast capaclty to ha provid

on desiras of the OWNer: bety

Additlons to requiraed ballage

the ends of the ship.

l
t5% lower

fore peak tank
tank

+2% double bottom tank.

- +3% “opexr fore peak

The new IMCO-ruleq recommeng
avoid pollutton,
Lallase

Capacity

Cargo oil ta

Ltank system, The econ

is needed .
ﬂ)‘v‘\"ﬂ fn-—-/a-—(
Sounding/ullage _tables delfive

Eﬁovisions(@eraonsgluggage'

h’l"

ight of provieions 3 .,
welght of persons . 75 k
vef %ﬁt of luggage 20 k
: G k

- Ad Lheation of Main Engine

Mother pary of the contract
Powelghe, fuel congu

2d by the cho

volume,
ﬂ.hwr iﬁ d(_t{})" \1[1

Y: resistance)

bility (at the end of the
RoHo—QesseIS;
)

er,

contalner ships,

tanker)

n,li

to avoia heavy motions in sea-

vy ballast),

ed depending on ship type ang

8cn 10% and 50% of deadweight,

tank volumina’

are larger at

opink '
egregated oailast tanks toj

nka are

4

geparated from the

omy decreases and more tanki

red by yard,

+ 5 kyg/pers - day L
g {crew and passengers)
g/pers (short distance)-
g/pers

(lang diastance pasdenger
and cfew).

influencing ship’design.
mption) ,

ice of the main endgine typé;'also

£

L Y



Sketsa diagram Bp — 5.

Ho/D

Load factor DBp ———

I

» - - T~ - -
Pamakatan Bp- B Diagram dari Baling?2
Type B-Series.

Data yang diperlukan untuk perencanaan. baling
baling dengan memakai diagram Bp- b .

Baling-baling Troost series type B adalah
1. Kecepatan kapal Vs dalam knots.

2. DBesarnya tenaga kuda ditempat dimana ba-
1ing2 berada P (= 1 HP Inggris = 76 kg.m/4t)

Besarnya perputaran baling2 N dalam rpm.
pada keadaan kecepatan Vs dan tenaga P di-
atas.

[}

4. Harga diameter maximum dari baling2d yang
diperkenankan sehubungan dengan sarat air
kapal serta ukuran dan bentuk stern Iframe
serta posisi dari sumbu poxos baling2, (da-
lam feet).

Selanjutnya beberapa koreksi. harus diadakan
sesuai petunjuk yakni untuk memperbaiki ketelitian da-
Tam perhitungan yaitu sebagal berikut :

1. Koreksi karena adanya pengaruh skala (scale effect)
itpm dari baling?2 harus dikoreksi sehubungan adanya
pengaruh skala dalam komponenz dari Propulsive effi
ciency (yaitu: wake, thrust deduction, dan propel-
ler efficiency). Wake fraction untuk kapal2 yang
baru selesai dibangun dan catnya masih segaxr dan
sangat licin (trial condition) ternyata menurut pe-
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nelitian harganya lebih kecil dari model
parafin yang dipergunakan dalam towing
test ditangki percobaan, karena harga itu
besarnya turun bilamana angka Reynolds
bertambah besar. Walaupun kapal2 baru yang
baru selesai dicat itu mempunyai permukaan
yang lebih kasar terhadap permukaan model
parafin, tetapi penambahan besarnya harga
wake fraction akibat kekasaran permukaan
tidalk lebih besar dari pengurangan harga
wake fraction akibat hertambah besarnya
angka Reynolds untuk kapal sebenarnya.

Berhubung data yang tersedia adalah hasil
dari model kapal dari parafin yang permu-
kaannya sangat licin (yaitu data harga2
walke, thrust deduction dan effisiensi ba-
ling2), sedangkan yang direncanakan ada-
lah baling2 untuk kapal yang sebenarnya,
maia perbedaan harga wake dimuka menyebab
kan rpm dari baling2 yang direncanakan ha-
rus dikoreksi dengan mengurangi harganya.

IIal itu adalah agar supaya "propeller be-
hind the ship" bekerja pada putaran yang
dikenendaki dapat sama dengan .yang dipa-
lkal pada percobaan yang menghasilkan dia-
gram Bp- & yang dipilih dalam perencanaan
itu. Penurunan perputaran haling2 akibat
adanya fouling kapal juga harus diperhi-
tungkan.

Sampal saat ini NSMB mempergunalan harga?2
korelksi untulk rpm sebagai berikut

Kapal2 ber-baling2 tunggal:

Untul service condition:
Untulk trial condition - 3

1
Do
P

~0 A
S &5

lapal2 ber-baling?d ganda

%

of

Untulc service condition:
Untulk trial condition To-

o
-~
&

2. Koircksi tenaga :

Koreksi ini adalah untuk memperhitungkan adanya
terugian2 gesekan pada stuffing dan hantalan2 lain-
nya dsb. pada shafting arrangement kapal.

Bails untuk kapal2 ber-baling2 ganda maupun
tunzgal besarnya koreksi untull masing2 poros haling
baling adalah

Kamar mesin ‘dibelakang : - 3 %

Kamar nmesin ditengah . —~ 5 &



Untuk kapal?2 perang destroyex, cruiser dsb.
biasanya untuk kerugian gesekan pada shaftingnya
diperkiralkan hanya perlu koreksl - 1%.

Perlu diingat bahwa perhitungan P pada Bp-3&
adalah memakai H.P. Inggris yaitu = 76 kg.m/detik,
sehingga kapal data P yang diberikan adalah dalam
metric maka perlu adanya koreksi penyesuaian.

3. Koreksi air tawar menjadi alr laut

Bp - & maupun diagram Bu - & semuanya adalah ha-
sil percobaan yang dilalksanakan ditanglki percobaan
memakai alr tawar. Bilamana baling?2 yang direncana-
lkan adalah untuk kapal laut, maka perlu diadakan
koreksi pada harga Y untulk penyesuaian alr tawar
terhadap air laut tersebut.

RBesarnya ltoreksi adalah : .
. _41.000
P ¥ 3025

4. Koreksi harga & :

Pailk Bp - & nmnaupun diagram Bu - o adalah diha—
silkan dari open water tests dimana model. baling?2
bekerja pada kondisi terbuka atau open condition.

iarena bhaling? yang direncanakan adalah
nantinya bekerja pada behind condition, maka per-
lu adanya koreksi sebagal berikut :

Kapal ber-baling2 tunggal

Untuk‘cj besar : - 4% s/d - 5%
Untulk Cb kecil : - 2%
Kapal ber-baling2 ganda: - 2% s/d ~ 4%

Adapun prosedur perencanaannya adalah sbb, :

a). Hitung harga load factor DBp

N P*
Bp = Ty

Adalcan korelksi2 seperti telah diterangkan di
nuka.

b). Dengan memakal Bp - > diagram pada harga Bp yg
telah didapat dari perhitungan diatas, maka da
patlah diketahui besarnya harga optimum advance
coecfficient ® yaitu dimana mempunyai harga “[D
maximum (digaris putus2 pada Bp - S Giagram).
Ifitung bheberapa harga mtuls beberapa harga Fa/T.
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¢). Adakan koreksi untulk harga » optimum dengan ca-
ra dan data yang telah diterangkan diatas.

d). Hitung besarnya D dari harga-harga © yang te-
lah dikoreksi yalni;

\

D ='§L§—X§— dan baca pada diagram harga pitch

ratio H/D pada harga ® yang telah dikoreksi tadi.

e). Periksa pada harga Fa/F bagaimana terhadap ba-
haya kavitasi. Bilamana perlu tentukan harga D
dan H/D dengan cara interpolasi untulk harga

Fa/F yang diingini. ’

7). Adakan pemeriksaan terhadap kekuatan balingz ya
itu apakah tebal daun yang direncanakan dengan
meniru type yang dipilih sudah cultup kuat dan
memenuhi persyaratan kekuatan dan Klasifilasi
(Caranya akan diterangkan di paragrap kemudian).

3. Analisa Sebuah Baling?2 pada Kondisi
Penarikan/Beban Berlebihan.

Berilkut ini adalah cara untuk dapat membu-
at estimasi besarnya gaya tarik tali atau tow rope
force dari scbuah kapal pada kondisi penarikan (to-
wing)ataupun pada kondisi beban berlebihan (overload
condition) dimana ditentukan kecepatan kapal pada
kondisi itu dan baling2 yang dipergunakannya adalah
baling?2 type B-series yang telah diketahul pula.

Seperti dilketahui, pada saat kapal menarik
kapal lain ataupun adanya beban lain yang melebihi
dari keadaannya bila mana kapal tersebut bebas (free
running) maka tahanan lkapal (dengan Dbeban tambahan-
nya) akan bertambah dan walaupun mesin induk seba-
cai mesin penggeralk kapal sudah dengan putaran max.
vang dapat dicapai dengan kondisl tersebui, kecepa-
tan kapal Vs jelas akan lebih rendah dari kecepatan
kapal pada keadaan bebas.

Jadi, dengan demikian harga Va pun akan tu-
run. Untuk mesin2 internal combustion engines, pu-
taran mesin akan turun walaupun sudah digas penuh.

Sedangkan untuk bollard pull test kapal tun
da, biasanya percobaan dengan maximum continuous ra
ting (MCR) tidak lebih dari satu jam. Adapun cara
perhitungannya mencari Tow iope Force pada suatu ke
cepatan yang ditentulkan adalah sebagail berikut

1) Hitung harga koeffisien kecepatan;

J = Va

) - pada
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Engine Selection Guide

. MAN B&W Diesel A/S

Engine Data

Engine Power

The table contains dataregarding the engine power,
speed and specific fue! oil consumption of the en-
gines of the MC Programme.

En-gine power is specified in both BHP and kW, in
counded figures, for each cylinder number and lay-
out points L1, L2, La and L&

L ; designates nomiral maximum continuous rating
(nominal MCR), al 100% engine power and 100%
engine speed.

Lo, Lyand L designate layoui points at the other
three corners of the layout area, chosen for easy ref-
erence.

Power
Ly
L3
‘/ Lz
Le Speed

Fig 1.01: Layout diagram for engine power and speed

Overload corresponds to 110% of the power at
MCR, and may be permitted for a fimited period of
one hour every 12 hours. J

The engine power figures given in the tables remain
valid up to tropical conditions at sea level, ie.:

Blower inist temperature . .. ... ... ... 45°C
Biowerinlet pressure. . ... ... ... .. 1000 mbar
Seawater temperature . ... ... ... . ..., 32°C

‘Charge air coolant temperature

Specific fuel oil consumption (SFOC)
Speciﬁé fuel oil consumption values refer to brake
power, and the following reference conditions:

[SO 3046/1-1986:

Blowerinlettemperature ... ... ... ... 25.°C

Blower inlet pressure 1000 mbar

. .....42,700 kJ/kg
(10,200 kcal/kg)

Fuel cit lower calorific value

Although the engine will develop the power speci-
fied up to tropical ambient conditions, the specific
fuel oil consumption varies with ambient conditions
and fuel oil lower calorific value. For calculation oi
these changes, see section 2.

SFOC guarantee

The figures given in this project guide represent the
values obtained when the engine and turbocharger
are matched with a view to obtaining the lowest
possible SFOC values and fulfilling the IMO NO,
emission limitations.

The Specific Fuel Oil Consumption {SFOC) is guar-
anteed for one engine icad {power-speed combina-
tion), this being the one in which the engine is opti-
mised.

The guarantee is given with a margin of 5%.

As SFOC and NO, are interrelated parameters, an
engine offered without fulfilling the IMO NO, limita-
tions is subject to a tolerance of only 3% of the
SFOC.

Lubricating oil data

The cylinder oif consumption figures stated in the
tables are valid under normal conditions.

During Funning-in periods and under special condi-
tions, feed rates of up to 1.5 times the stated vaives
should be used.

32100 <99

1.01
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N B&W Diesel A/S , ' Engine Selection Guide MAN

he engine types of the MC programms are
jentified by the following letters and figures

Len
-J
o
O

]

|

i
— .
__..lo

Compact engine 2
Design 6

Camshalft controlied Ko

Concept

v__—’{o

_§ Stationary plant
C
E

Electronic controfled (Intelligent Engine)

Engine programme

Diameter of piston in cm

S Super long stroke approximately 4.0 T

S3

Stroke/bore ratio L Long stroke approximately 3.2 .
L K

Short stroke approximataly 2.8

‘Number of cylinders

17534 5900

ig. 1.02: Engine type dasignation ’ Fig.

- ———— 430100 40
0 400 . 1ag2z2l

1.02
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MAN B&W Diesel A/S

Engine Selection Guide

MAN B&WV -
| Power KW
BHP
. Enai Mean
Engine |LayoutiEnging qo tive Number of cylinders
type point | spsed pressure
o Jmin.! _ bar 4 5 6 7 8 9 10 i1 12
" iz | 105 | 4920 5400 6480 7560 8640 9720 10800 11880 12960
542MC 1 : 5880 7350 8820 10290 11760 13230 14700 16170 17640
gore | L, | 136 | 156 | 3960 4325 5180 6058 6920 7785 8650 9515 10380
420 mm | ' %700 5875 7050 8225 9400 10575 11750 12925 14100
swoke | . | 115 | 1 2660 4575 5490 6405 7320 8235 9150 10065 10980| .
eamm| 5 5 | 4080 €200 7440 8680 9920 11160 12400 13640 14880
| s | qse | 2920 s650 4380 5110 5840 6570 7300 8030 8760
LT - 5080 4975 5970. 6955 7960 5955 9950 10945 11940
i "1 76 | a0 | 2980 4975 5070 6965 ° 7960 8955 9950 10945 11940
L42MC L . 5400 6775 8130 9485 10340 12195 13550 14805 16260
Bore | L | 176 | 115 | 2590 8175 3810 4445 5080 5715 6350 6985 7620
e20mm | 2 5 | 5480 4345 5190 6055 6920 7785 8650 9515 10380
Stroke | . | 1ap | 180 | 2980 8725 4470 5215 5960 6705 7450 8195 8940
1360 mm| 3 | 180 | 4ps0 5075 6090 7105 8120 9135 10150 11165 12160
L | 132 | 115 | 1920 2400 2880 3360 3840 4320 4800 5280 5760
: 5800 . 3250° 3900 4550 5200 . 5850 6500 7150 7500
5060 3700 4440 5180 5820 6660 7400 8140 8880
sasmc | Lo | 173 | 197 ) o4 5080 6060 7070 808C 9090 10160 11110 12120
Soe |, | t7a | 155 | 2080 2975 3570 4165 4760 5355 5950 6545 7140
550 mm : 3090 4005 4830 5635 6440 7245 8050 8855 9660
Sitoke | || | qur | qoq | 2520 8150 3780 4410 5040 5670 6300 6930 7560
1400 mm : 5420 4275 5130 5985 6840 7695 8550 9405 10260
Lo | 147 | 155 | 2020 2525 8030 3535 4040 4545 5050 5555 BOGO
' ' 0740 3495 4110 4795 5480 56165 6850 7535 8220
. o600 3250 3900 4550 5200 5850 6500 7150 7800
c | v
LesMC | L1 | 210 | 184 | 2050 4400 5280 6160 7040 7920 8800 9680 10560
Bore | | | g0 | 147 | 2080 2600 3120 3640 4160 4680 5200 5720 6240
350 mm : 5800 3525 4230 4935 5640 6345 7050 7755 8460
Swoke | | | 175 | a4 | 2200 2750 3000 3850 4400 4950 5500 6050 6600
1050 mm : 3000 3750 4500 5250 600C 6750 7500 8250 9000
| L. | 178 | 1a7 | 1760 2200 2640 3080 3520 3960 4400 4840 5280
. 0400 3000 3600 4200 4800 5400 6600 6600 7200
SIEMC 1600 2000 2400 2800 3200 3600 4000 4400 4800
26MC | Ly | 250 | 185 | 5ygg o725 3270 3815 4360 4905 5450 5995 6540
Bore | | | ,eo | 14 | 1280 1600 1320 2240 2560 2880 3200 3520 3840
260 mm | 2 : 1740 2175 2610 3045 3480 3915 4350 4785 5220
Stoke | || g | 1gs | 1360 1700 2040 2380 2720 3060 3400 3740 4080
980 mm : {860 2395 o790 3255 3720 4185 4650 5115 5580
Lo | 212 | q4g | 1100 1375 1650 1926 2200 2475 2750 3025 3300
i 2 ' 1480 1850 - 2220 2590 2960 3330 3700 4070 4440

Fig. 1.03e: Power and spead

175 465 78.9.0

AE000 405

1.07
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o Mm%el ASS Engine Selection Guide

_
: Specitic fuel oii consurmption g/kWh Lulricating off consumption
i g/BHPh
i; With conventional turbochargers Syslem oil Cytinder oil
- : Approx. g/kWh '
At load layout point 100% 80% kglcyl. 24h g/BHPh
A
130 129 ‘ -
L 165 163
a2 120 5t 0.8-1.2
L 177 174 0.6-0.9
, ? 130 129
; L 165 . 163 B
: ¢ 121 120
; $35MC g 178 ) 177
131 130
Lo 173 171
e 2o 0.95-1.5
2-3 0.7-1.1
La 178 177 o
131 130
L 173 171
127 126
L35MC L 177 175
! 130 129
Lo 171 170
& « . 0.8-1.2
2-3 0.6-0.9
Ly 177 175 '
130 129
L 171 ' 170
126 125
s26MC L 179 178
! 132 131 -
Lo 74 173
128 127 0.95-1.5
1.5-3 0.7-1.1
L 179 178 )
3 132 131
La 174 173
B 128 127
o TTH 45 79-2.0
Fig. 1.05f Fuel and lubricating ot consumption
— AMEI00 100 ' 198222
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Ll BEW Diesel A/S Engine Selection Guide
i,' - - - Number of cylinders
. .-,3.’-’: P
A 4 5 6 7 8 9 10 11 12
/ hd .
i S c-C|1x80-B11 1y 85-B11]1x85-811{1x85-B12|2x80-B11| - - _ -
YAl
J,./ .
% e |1x80-B11[1x80-812 {1 x 85-B11 |1 x 85-B12 | 2 x 80-B11 - - - L
rj’_).t-l -
S -
Y n.a. n.a. n.a. n.a n.a. - - - o
L : -
Tc-C|1 % 77-B11[1x80-B11 | 1x 80-B12 1 x 85-B11 | 1x85-B11 - - - L
A
e
L s |1xTT-BITTXT7B12 1xB0-B11{1x80-B12|1x85-B11| - - - - -
: :;: { x 77-B11]1x 77-812 |1 x 80-B11 | 1 x 80-B12 |1 x 85-B11 - - - -

AC-CHix 73-B11 {1 x 77-B11 {1 x 77-B11[1x77-8B12 1 x80-B11 - - - . -

1% 73-B11{1x73-812|1x 77-B11 { x 77-B12} 1 x 80-B11 - - - -

eac | 1%73-B11{1x73-B12{1x77-811 1x77-81111x77-812 - - - -

ey ——————— ) L 1
~
-
Y
P
o

L iaC-C| 1% 73-811 | 1x 73-B11 | 1x 77-B11 1x77-B11 |1 x 77-B12 - - - L

cantac (1% 69-A10]1 x 73-B11 11 x 73-B11 |1 x73-B12 1 x77-B11 |1x77-B11|2x73-B11 [2x73-B11 |2 x 73-B31

) 'Lr.mno 1 x 69-A10 |1 x 73-B11|1x73-B11 1x 73-B12 |1 x 73-B12 |1 x 77-B11 |2 x73-B11 | 2 x 73-B11 |2 x 73-B11

o nahiit 1% G5-A10]1 % 69-A10 11 x 69-A1011X 73-B11|1x73-B11[1x73-B11 |2 x63-A10{2x 69-A10 ]2 x 69-A10

(niaC | 1% B5-A10|1xB5-A10 | 1x BI-A10| 1 x 69-A10 |1 x 73.811 |1 x 73-B11 | 2 x 65-A10 | 2 x 5-A10 | 2 x 68-A10

' R Lo 1xTPSSTD" | 1xTPS57D | 1 x 61-AT0 | T 61-A10 11 % B5-A10 11 x B5-AT0 2 x TPE57D7 2 X 851-A10 |2 x §1-A10

I e e
A furbochargers in this table are of the TPL-type.
- i'ux # and 5 cylinder S26MC the full designation is listed in the table.
x Lot applicable
! [ 1ot included in the production programme
i rinnple of a full designation: B370MC-C requires 1 x TPLB5-811 at nominal MCR.
1
1788610
crr )
g ). 3.07: ABB conventional turbochargers, type TPL, for engines with nominal rating (L1)
 tunplying wilh IMO's NQx emission limits
. ! :"‘u LX) 100 19827
gt

3.07
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Lmin B 178 16 76.6.0
[ sso-c S50 150 | s4sc | sS4 142 | s35 135 526
- Dimensions inmm
A 1085 1085 44 486 200 690 650 550 420
B 3150 2950 2710 2924 2670 24860 2200 1980 1880
E 850 880 8490 782 748 748 [s104] 800 450
Hi 8950 BBO0 7825 8600 8050 6700 6425 5200 AB25
H2 8375 5250 7325 BO7S 7525 6250 6050 4850 4725
H3 8150 8100 7400 7850 7300 B350 5925 5025 4525
Hé SR50 4825 4500
Lmin
4 gyl 4739 5730 5615 4357 4240 4661 3480 3445 2975
5 cvl. 5502 6620 6505 51339 49588 5409 4080 4045 3485
6 eyt 6439 7510 7385 5921 5736 6157 4380 4645 3855
7 cyl. 7209 8400 B285 6703 6484 5905 5280 5245 4445
8 eyl 8138 2290 175 7485 7232 7653 5880 5845 4935
G evl 7980 8401 6480 6445 5425
10 cvi. 8476 9897 7080 7645 £405
11 eyl 2 10224 10645 8250 B245 £895
12 cvl 10072 131393 BBARC 8845 7385
Dy masses in tons
4 cyl. 155 171 162 133 109 a5 57 50 3z
| Syl 181 195 188 153 125 110 65 58 37
6 oyl 207 225 215 171 143 125 75 67 42
7 eyl 238 255 249 197 160 143 B4 75 48
8 cvi. 273 288 276 217 176 158 a3 B3 53
9 gyl. 195 176 103 92 58
10 cyl. 232 210 122 108 68
11 eyl 249 229 132 118 74
{12 oyl 268 244 141 126 79

The distances Hi and Hz are from the centre of the crankshaft to the crane hook. The distances Ha and Hg for the double

iib crane are from the centre of the crankshaft to the fower edge of the deck beam.

E - Cylinder distance

Hy - Vertical {ift

Ha - Tilted lift Hs - Electricai double jib crane Ha Manual double jib crane

Fig. 5.01b: Space requirements and masses

1728y 19-8.0

D ——

] 104 450

5.05
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Engine Selection Guide

. S26MC
Cyl, 4 5 6 7 8 g | 40 4. 11 12
Nominal MCR at 250 r/min KW. 1600 2000 2400 2800 3200 3600 4000 4400 4800
Fuel oif circulating purmp m/h 1.5 1.8 2.0 2.4 2.7 3.0 3.3 3.6 3.9
Fuel oit supply pump s 0.4 0.5 0.6 0.7 0.8 0.9 1.1 1.2 1.3
Jacket cooling water pump mim 1y 18 20 24 28 32 36 40 44 48
2| 18 20 24 ‘28 32 36 40 44 48
3y 24 28 25 29 34 38 55 47 51
4} 16 20 24 28 32 36 40 44 43
3 Central cooling water pump® m7n 1) 70 a8 105 125 140 160 175 180 2! 0
= 2) 71 88 105 125 140 160 175 185 210
d_—’ 3 73 | 90 105 125 140 155 180 180 210
ST & " 88 105 125 140 155 175 190 210
Seawater pump” mh 13} 52 66 79 a2 105 120 130 145 160
2} 53 66 79 92 105 120 130 145 155
3 56 €8 78 91 105 115 135 145 155
. 4) 53 66 78 91 105 115 130 145 155
tubricating oil purnp® mih. 1y 49 &7 65. 72 84 94 98 05 | 115
2} 5t 58 &6 73 83 93 100 105 145
3) 48 55 33 70 80 90 g5 1G0C 110
4) 50 57 85 72 82 a2 92 105 115
Boostar pump f. exh. valve actator m/h n.a. n.g. .8, 1.3, n.a. [1%=H n.a n.a. n.a.
Scaver}gg aia_’ cooler W
Heat dissipation approx. 560 710 850 990 1130 1270 1410 1550 1690
Centrat cooling water M 45 56 68 79 80 101 112 123 134
Lubricating oil cooler '
Heat dissipation approx.” kW 1} 220 275 350 406G 460 510 530 600 700
2)} 230 280 349 39C 450 500 580 620 680
31 260 250 309 350 400 450 500 550 600
a)| 225 275 325 375 425 475 550 800 650
? i ubricating oil® m¥h Sez above “Lubricating oif pump”
< |Gentral cooling water m3h 1l 25 34 37 46 50 50 63 67 76
8 2) 25 34 37 46 50 89 63 72 76
3} 25 34 37 45 50 54 68 67 76
4} 25 34 37 16 50 54 63 67 76
Jacket water cooler R : '
Heat dissipation approx. oy 1) 310 385 460 540 620 690 770 850 920
2)§ 310 385 450 540 820 690 770 850 920
3)| 395 476G 485 560 650 720 940 890 570
4y 310 385 460 540 620 6390 770 850 920
Jacket cooling water m3/n See above “Jacket cooling water*
Central cooling water m/h See above "Central cooling water quantity* for jube oif cooler
Central cooler '
Heat dissipation approx.” KW 1)j 1090 1370 1660 1930 2210 2470 2730 3000 3310
' 2); 1100 1580 1650 1920 2200 2450 2760 3030 3290
3y 1160 1430 1640 1900 2180 2440 2850 2820 3260
4 1100 1370 1640 1210 2180 2440 2730 3000 3260
Central cooling water m*h ‘ See above "Central cooling water purnp”
Seawater” m/h See above “Seawater cooling pump”
L Fuel oil heater KW 39 47 52 63 71 79 87 94 100
Exhaust gas flow at 260 °C™*  kg/h 12400 | 15600 | 18700 | 21800 | 74900 | 28000 | 31100 | 34200 | 37300
Air consurption of enging kg/s 3.4 4.2 5. 5.9 6.8 7.6 8.4 9.3 10.1

Fig. 6.04z: List of capacities, S26MC wilh central cooling system stated at the nominal MCR power (L)
for engines complying with I0's NOx emission fimitations

178 42 I5-5.1
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Starting air system: 30 bar (gauge)

6.01.55

[ Cytinder No. 4 5 6 1 7 8 9 10 11 12 ]
S42MC M
Reversible engine )
Receiver volume (12 starls} 't 2x30 | 2x30 {1 2x30 | 2x30 1 2x35 { 2x35 | 2x35 | 2x35 | 2x35
Compressor capacity, total m3ihk 180 180 180 180 210 210 210 210 210
Non-reversible engine
Receiver volume (6 siarls) m: 2x20 | ?2x20 { 2x20 ]| 2x20 ]| 2x25 | 2x25 | 2x25 | 2x25 | 2x25
Compressor capacity, total  m/h | 129 120 120 120 150 150 150 150 150
L42MC
Reversible engine . ¥
Receiver volume {12 starts} m° 2x20 | 2x2.0 | 2x20 | 2x2.0 | 2x25 | 2x25 | 2x25 | 2x25 | 2x25
Compressor capacily, lotatl mh 120 120 120 120 150 150 - 150 150 150
Norn-reversible enging )
Receiver volume {5 starts} m? 2%x1.5 | 2x15 | 2xi5 | 2%x15 | 2x1i5 | 2x1.5. | 2x15 | 2x15 { 2x15
Compressor capacily, totat m3h ag 90 <0 a0 Qo 20 Q0 90 a0
S35MC
Reversible engine
Raceiver voiume (12 staris) m° ex10 ] 2x3.0 | 2x10 | 2x10 | 2x15 | 2x1.5 | 2x1.5 2x1.5 | 2x1.8
Compressor capacity, total mPrh 60 60 60 60 a0 90 ao a0 80
Non-reversible engine . i ]
Receiver volume (6 starts) me 2x05 | 2x05 | 2x05 § 2x05 | 2x10 | 2x1.0 | 2x1.0 | 2x1.0 { 2x1.0
Compressor capacity, total mm 30 30 30 ag 50 .60 &0 " B0 &0
L3ISMC
Reversible engine
Receiver volume (12 starts) - m> 2xi.0 | 2x10 ] 2x3.0 { 2x1.0 2x1.5 2xi.5 2x1.5 2x1.5 2x1.5
Compressor capacity, total — m¥/n 60 60 60 80 a0 90 90 h) a0
Non-reversible engine
Receiver volume (B staris) mz 2x05 1 2x05 | 2x05 ; 2x05 | 2x1.0 | 2x1.0 | 2x1.0 { 2x1.0 } 2x1.0
Compressor capacily, tofal  m™/h 30 30 2 a0 50 60 50 &0 50
S‘BQGMC
Reversible engine
Receiver volume (12 starts)  m° 2x0.9 | 2x09 | 2x10 | 2x1.0 | 2x1.0 | 2x1.0 | 2x1.0 | 2x1.0 | 2x1.0
Cormgressor capacity, total m¥h 54 54 60 60 60 60 60 60 60
Non-reversible engine
Receiver volume (B starls) m® 2x04 | 2x04 | 2x04 ;| 2x04 | 2x08 | 2x05 | 2x05 | 2xG5 | 2x0.5
Compressor capacity, total m*/h 24 04 24 24 20 30 30 a0 a0
F78 67 95-3.0,
Fig. 6.01.05d: Capacities of starting air receivers and compressors for main enging
‘_'-—_,g
200 025 ' 198 22 41
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P Fm}':'ne model TUTEHVELHN | GNYIGLDN | BHYTGL-UN 1 gf'{n_s['-'é'u GHY16L-EN
i ) . ’ Vedical waler-caoled 4-cycle dicsel engine ;
i of eylinders 1 6
‘Gyinder bore X slroke mm 160 % 200 !
f:"!bzal displacemant t ) 724,13 g ;
2 N 1 .
§f""“""°"‘_'_3_ffg outut _(?g; (gig;ﬂ NE {ggg) (?.,33, (3;?) (ggg) (iggy i _(i_é?_)_ (ggg) (323) (;gé)
Engane speed 1 (] 1000 1200 1000 200" 1000 IR Fity, 1000 | ;1200 1000 1260

o MPa | 0995 1.097 e | 128 1.343 1472 1540 | ;1658 1756 | 1.829 |
f“af'cf"f"'rﬂi"e“"“ (koori| (1018} | (1619) | (11.94) | (1309) | (1369) | (1501) ; (15.70) i691) | (17.90) | (18.65)

1

: dy kW 150 *240 200 | 80 240 320 280 | 3,360 320 400
Cmnl:uslaon sy\lrm . a Diracl Injeclion : '
I"U syslem ' . Caempressed air & i1 ;
£ gl Umra[l ferglh wm | ! - 1996 g H ’;
ansensions Ovcnﬂ witllh mm . ) ) ) 1085 i l‘ | :
Overail height  mm v -t 1532 ‘9} i i
Dy wraigli . kg i : 2800 _ {
o oo e T "t nnur:w dry wmuhl mny mnw «le-c-nz'u nmu thu -.p«:lwnlnma and xlinched |E;:_r'mm
A DImensions (unis: nvl X . : : . {
“ Tive aimansiing wad waighis [0+ the dinEel Engine GanerAlar Rats #in AIMply (h47ence vaiies 11 valpes nisy Gilins (o¢ ditteran ponesalor manulzcturais.
¥ 1 R
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g e | o0 | 600 | 600 | 600
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- VERTICAL TWO STAGE SINGLE SUCTION PUMP

> 3 Uha e L) e AT

| APPLICATION |
HERIRERA, K S8/aS5 2 b AHEA. SERK

Fire & General Service, Bilge & Ballast, Cooling Fresh Water.
Cooling Sea Water.

CONSTRUCTION |

= dE, 2HEHTWMA, sfins Y r—r—i s
BUTTHEY, BES - 2BET 5204 (R, SEAf0E
T, HRHLTEanEnE T,

The pump c¢asing of the type VSN is vertically split type. Suction
inlet and discharge outlet are arranged on both sides of rear casing,
so that the pump can be dismonted and inspacted without removing
the connection pipz, The pump can be used as an automatic selé-
preing pump by ficting 3 vazcum pump {fype : N-20) or an air gjecter,

NAME & MATERIAL

PART REQ. SEA WATER FRESH WATER
O & NO, MATERIAL Lk MATERIAL Js
001 | casng 1| BROE e ec3 | casT mon | Fe20
002 | casws cover 1| RO e Be3 | casT mon | Fezo
003 | MPELLER 2 | TOahanee | pacz | PHOSEUOR | pRc2
007 | BOTTOM COVER 1 pBeCiER tec3 | cast mov | Fe20
U020 | CASG RING 2 BRI o |ecs  lemewE o |sec3
022 | STAGE BUSH V| PR e | 803 BRONEE | ecs
01 | SHAFT | STANLESS | sus3oq| STANLESS | gysans
t03 | MOELLER KEY 1| STAMLESS |susyga| STAMLESS [ sigang
104 | COUPLING KEY U | SARBE o | stscn | CARBOR | sasco
105 | stLeEve 1| BTANCESS | susaga| STARLESS | susape
106 | steeve 1| STALESE | susna| STAPLESS | susane
127 | steeve st 2 | STARLESS |susand| STARLESS |gysigs
150 | BEARING NUT 1 F MLD STEEL | §S41 | MLD STEEL | S541
21 | BALL BEARIG 1| PEARTE L fsur EEAREE . lsup
203 §BOTYOM METAL | 1 |“FBrope |LB0t | “Dronge | LBCE
205 | BEARNG HOUSING | 1 | CAST IRON | FC20 | CAST RON | FC20 -

205 | HOUSING COVER 1 CAST RON | FC20 CAST IRON | FC2D
208 | BEARNG COVER 1 CAST IRQN | FC20 CAST ®ON | FC20

301 | courLing 1 | CAST RON |FC20 | CAST #RON | FC20
304 | couPLING BUSH RUBBER  [NBR | RUBBER .. [NmR:-
305 | COPEREL 4 rot MLD STEEL | SS41 | Mi
402 | sep 1 | casT ROl | Fe20

103) | 403 |MOTOR FRAME [, 1 | CASTHRON {FC20
405 | SUPPORT - B | 56

402

2

501 | GLAND PACKING 5 S RBER | NBR
-BRONZE %+ - |-

502 | NECK BUSH 1 RS

SEAL RING 1

BRONZE - ™1
GLAND 1.l




W 2 sERIES

1800rpm
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T VSN-2508]
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Hho '
 x x4 X—X  VIEW
DIMENSION
BORE DRMENSION (mm) . )
TYPE P T — i R N
-. s | oso ) A gl c|p el | 2| gff-¢ . 4 K M| oK |LRF V| Z
100 | 300 | 20 | 220 | 360 | 368 | 130 | 188 | 80 | 0 | 175 | 310 | o0 | 50 | 260 | &6 | 170 | 2
125 | 200. | 320 j262 | aa2 | e j s 7| W | 76| 140 55 | 250 {-970 | 1S | 26
150 | 370 | 350 | 245 | 428 | 424 | 150 | 212 | 90 | 120 215 653 | 300 | 976 | 210 | 28
150 | 350 | 330 | 262 | 4e2 | 424 | 150 | 212 | 90 | 120 | 215 663 | 300 | 972 | 200 | 28
200 | 370 | 3507{ 245 | Taz8 | 424 | 150 | 212 | 90 | 120 | 25 663 | 300 | 876 | 210 | 28
' 27 . 30 - =
- =




FIRE & G.S.PUMP

3 HORIZONTAL ONE STAGE SINGLE SUCTION PUMP

| APPLICATION |
EEBFAEB K, EILSFANT A b

Fire & General Service, Bilge & Ballast.

| CONSTRUCTION |
ZOR TG, BEEA L TINVP-20T) LEB L TER
L7,

BRI ST o KNy R o FEELET,

In this purpose, the pump is used as an automatic self-
oriming pump, by fitting "a vaccum pump {type: NVP-
20).

The gland-packing is applied as a standard method of

shaft sealing.

P

304 2{}9 202 101 201 205)504) 50t 303 002 i 00
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NAME & MATERIAL
";':\I_I_T— REQ. SEAWATER FRESH WATER PaRT [EOQ. SEA WATER FRESH WATER.
NAME NAME
ND. 00, MATERIAL s MATERIAL Is NO. NO. MATERIAL Jis MATERIAL Js
:
oal | CASING 1 |URENEE L1803 | cAsTRON | Fezo 170 | FLngER 1 |russern |wBR | RumsEr ., {mBR
wer |casmc cover | o1 |BRIEE . Tacy | castmon | Foz 201 | BALL BEARING | 1 |ocanl. Tsurz [BEARNG.  fsui
003 | MPELLER | | PHOSPHOR T eacy [ PHOSRIOR | PeC2 22 |BatLeearing | 1 |BEARNG lsyp | BEAURE. | sun
T BRONZE BRONZE S .
00 | CASING RING 2 [BRONZE  Tecs [PRONZE,.iBC3. || 205 |ecammncHoUSNG | 1 | CASTIRON |Fez0. | CAST IRON [ | F20,
“oa | o-RinG . |RUBEER | NeR | RUBBER i |NBR.%| | 209 | BEARING COVER | 1 |CASTIRON |FC20 | CASTARDNY:| Foz0'
10y | SHAFT 1 [ STARRESS | sussoq | STAIGESS Fsusaot| | 301 | coupLing 1 |eastron | Fozo
103 | MPELLERKEY | 1 |STAREESY | susys [STANLESD 1susitt| | 3 |ocouews | 1 |oasTiRON | oo
10§ | COUPLING KEY t | CAREOR . | stsc-0 | SAT S e 5100 | | 405 [ sueport 1 |MuosTEEL | S841 . | LD STEELS
{ ] @ [wPELLERNUY | STAINLESS | sus3o4 |3 _ﬁ{'}lg‘.-rESE?_ Suswn| | st |oLano pACKING | 1 [CAREONZEDS CARBONIZED
 [ereween | 1 [TRER IS o |onvremrne | 1 [T |55
STAINLESS, RONZE -2 gha T
161 { RETARING 1 ; steeL | St 504 . | GLAND 1 | PN HiNa | BealE |_.~g:,cgs_mﬁ- 'E&;.

Al”iND. CO., LTD




e G NI SERIES

1800rpm 80Hz
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DIMENTION
TYRE MOTOR BORE . DIMENSION (mm)
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EW. & SANITARY PUMP

¥ HORIZONTAL SINGLE SUCTION PUMP

NAME & MATERIAL

\

(209) (02 @05 3 002 ”r.
\ S0
\

(1
6\

| APPLICATION
K, By U —

AHEIK

Fresh Water, Sanitary., Cooling Water.

[ CONSTRUCTION |

oM 7, BWRERRRATY.
LSS5 By £ oRAEETT,

The EHC-type is non self-priming.
The gland-packing is applied as a standard method of
shait seafing. '

P

AN

n D__Jm:ﬂm

A

PAAT AFO.|  SEAWATER FRESH WATER PART REQ. SEA WATER FAESH WATER
NAME HAME '
o, Ho. | MATERIAL | 415 | MaTERIAL [ XS NO. NO. | MATERIAL | JiIS | MATERIAL I xS
001 | CASING 1 [BRONZE | tacy | casTIRON | FO0 170 | FLINGER 1 |Auseer |{mer |numeER '|NBR
o0z |casing cover | 1 |PRONZE . |BCcs  |casTiRoN {Fezo .| | 201 |BALL BEARING 1| EAEEE [sus | BEATNG. isusp
03 | MPELLER | |PROSPHOR Togc, | PHOSPHOR Teaca i | 2oz |eaLsearnva | 1 |BEARRE. |su | S9AGREe |suxz
020 | CASING RING 2 |EReNEZE lmes | PRhEEwe 205 |BEARMGHOUSNG | 1 {CASTIRON |FC) | CASTIRON | FOZ0
050 | oRes | |muBBER |[WBR | AUBBER 20 |BEARING covER | 1 |castiron |Foz [castimon | Foz
101 | SHAFT 1| STAINLESS | g | STARLCESS | sus 302 |couPLmG 1 |casTiroN |Fezp  |-CASTIRON -| FO20
103 | MPELLERKEY | 1 | STARLESS [ syssgs | STAOREST | susand| | 406 | suPPoRY 1 |mipsteee |ssar | MLDSTEEL |ssat
104 | coupLINg KEY 1 | CAREDR . lsison | CAREE. sascD | | 501 | GLAND PACKING | 4 | ASBESTOS ASBESTOS - |-
e |weeccernor | [STATEER | susand | STVEERY'susat] | 503 | LANTERN RING =T EE = e e
o [veerierwasen| 1 | SPER | sueann | SRt | s [ U T o |
| 16 |RETAMNG RING | 1 STAILESS | susaot | Farsreety SUS e E (R




o B i SERIES
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kw Je/miSUCI DS | A 8 ] K R T U v w X Y Ba Bb | Bc | Bd | Ba | Bf Bg | Bj Bz
0.75 140 139 B10 A [y g
ve-32 | 1.5 13600] 32 | 32 | 80 [169] 270 [148| 260 | 330 | 190 | 180 {665| 3 [284 a5 |20 | 55 | 50 | 2 [4ais
7.2 183 159 Eok 293 | 600] 400 [ 100 i
) 15 169 143 518 341 00l as V12
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5 a0 769 148 782 384 700l 4e0 | 125
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o e Lo : 951 5 560 550 175, 300 56 i
R A 258 205 054] - |50 [1000] 550 o )
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COOLING WATER PUMP

"2 VERTICAL ONE STAGE SINGLE SUCTION PUMP

ERrrIEe]

[ APPLICATION |

SHEEAK, BEEK, NXFR P BRT—EX

Cocling Fresh Water, Cooling Sea Woater, Ballast,
Sea Water Service.

CONSTRUCTION
EVCH M FlE. SI—Hy — > L TEETT, =T
4, B L-2@A0EHESEEL, FIERLEED
WA, HERL7TEEHNTEET,

The pump casing of the EVC type is a vertical soiid type.
There is neither load to the motor bearing nor problem in
case of the dry-operation, because pumg shaft has two
independent bearings. The pump can be used an auto-
mitic self-priming pump by fitting a vaccum pump, (type:
N-20A)

NAME & MATERIAL

PART | REQ. SEA WATER FRESH WATER ,
MAME - ¢
KNO. 0. MATERIAL JS MATERIAL Jis
001 | CASWG 1| RO g |83 | casT won | Fe2e
002 | CASG COVER 1 enogfgrm 6C3 | CAST ROM | FC20
003 | MPELLER 1 | PHOSEHOR | Pecz P e | Pac2
Ao
| 050 | ores 1 |aUBRER |[NBR | RUBBER | NSR
g T 01
it . ] STANLESS . | STANLESS
= Taiial = 101 | SHAFT 1 LESS { sussos Loes | susane
k‘ﬂ\ 1 T 103 | WPeLLER KEY v | STARLESS | sus3oq STANLESS. | susans
03 | i e : 203 CARBON CARBON
- . 104 | coupLING KEY 1 o L | s45cD M | se5cD
504 : ,,_@.
2| = 120 | MPELLER tUT 1 | STARLESS | suysaoq | STARLESS | susos
: I STAINLESS STARLESS
@ < M oo 124 | MPELLER WASHER | 1 STegL | SHS304 |21 gre | SUS304
STAINLESS STAINLESS | o &
03 vyt 161 | RETAINNG RING 1 STeer | SUS304 STeEL | SUS304
BEARING - | BEARNG .
; 201 | BALL BEARMNG 1 sus susz”
003 i / samilEEL BEAR;:SEEL '
. : 202 | BALL BEARNG i peey | SUR [P | suaz
620 eEth: STEEL STERL T
- | : 205 | searas wouss | 1 [ easT wmon |Fc20 | CAST IRon | FcoD,
_,._._(?*;_D‘:c,s'_, 200 | BEAmeG COvER | 1 |cast RO |Fc20 | 'CAST.Ron | Fe20+
sUC ‘ \ 301 | courLnG 1 | CAST fRON :
it — .-.f'\ \__N_B :
¥ 403 | FRAME 1 | CAST IRON
-.“ \
o L [ \ @ SOl | GLAND PACKING 4 |CARBONZER
- ™ ] s 503 | LANTERN RING 1 | BRONZE
o0 120 . CASTNG :
504 | GLAND 1R e

FTand A

TAIKO KIKAL . co., LTD,




v W % SERIES
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COOLING WATER PUMP

% HORIZONTAL SINGLE SUCTION SEL F-PRIMING PUNMP

e T - =

gh | APPLICATION |
AApA. AIE, EAT. TR HAK

Cooling Fresh Water, Cooling Sea Water, Bilge,- Ballast,
General Service.

[ CONSTRUCTION

—oF Tl BWHRAERTI .

Bh2i(d S o Pty FLRHFEET, BRI Y AD
ZARL—LHERELET,

The EHS-type is horizontal self-priming pump.

* The gland-packing is adopted as a standard method of
shaft sealing.
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NAME & MATERIAL
PART REQ. SEA WATER .~ FRESH WATER PART REQ. SEA WATER .- | i7-FRESH WATER
HAME . NANE — - —
NO. NO. MATERIAL K3 MATERIAL JS NO. NO. MATERIAL JS | MATERAL Js
001 | CASING 1 |BROMZE. 1BC3 | CAST RON | FCZ0 124 | soeieer wasrer | 1 | STANGESS | susaod | STAGTESD | sus3od
002 | cASNG COVER 1 | BROMIE 4{BC3 | CAST IRON | FCZ0 161 | RETANNG RING 1 | SPRe L Tsups | SPEeeL | SUPE:
003 | wPELLER || PHasPHOR Tpgep | PHOSEHRD | peC2 170 | FLrGER 1 |Rusmer  |mBR | RUBBER.I |NBR .
016 | sucvion cover | 1 | BROMEE olec3 | cAST mON | FC20 201 | BALL BEARWG 1 |eeame leup | BEARTEe | sui2
017 | CRAN COVER 1 [BROME GIBC3 | CAST RoN.| Fe2d 202 | BALL BEARNG R o
020 | cases RAG 2 [oe lees | O%Uwe | BC3 205 | searms vouste | 1 | casT moN | FC20 0 | P20, v
035 | CHECK VALVE ' Traoern  |ner | wueser i[ner || 209 |oearnc cover | 1 | CAST RON | FC20
050 | oanG 1 leusser |ner | ruBser “hiner T | 302 | courling 1SET | CAST WON | FC20
- 101 | SHaFT v | STAREESE | susana | STAMSESS |'sus3nd] | 406 | SUPRORT 1 | MuD STEEL { SS41
. STAINLESS STANLESS " |- y SEME | - oo [SSEMETR. O]
.) 103 | MPELLER KEY 1 Less | sus304 | STANGESS, |'susaod | | 501 jamo Paokie | 4 | Twerauclo M ek
104 | COLPLING KEY 1 |CABBON | s45co | SARPOT L[] S45CD | | SO3 | LANTERN RNG 1 | RS | BCY
STANLESS STANLESS © ) " | BRONZE 5 | By
120 | wPELLER MAT 1 LE5S | susa0q | STANGEEE | susan4] | S04 jomo {1 e | BC3
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DIMENSION
WOTOR_ | BORE ? DMENSION (mm)
TWeE el s | a1 8 [ o P K[ ARTYEUl v Wl Y}l B Bc f Bd | Be | Bf | Bg | B ! Bz
GETe T3 71600 80 | 80| 230 | 200 | 2a0 | 200 | 365 | 585 ) 4301 300 | 9501 455 . 80O 500 | 150 ] 300 | 0 [ 65 | 60 | 12 ] 4415
g5 238 1130
sosic el tm!| so| a0 205 (358 300 | 291 40 | 670 | 470 | 265 {0 505 17000 | 350 | 150 1 470 [ 430 | 65| 60| 12 {603
, T o 323 35 780 | 640 | 1100 | 400
T 758 210 180 | 530 | 1009 | 350 ]
s e e I 215 22 385 |51 470 | 720 | 520 | 215 [ognies 11100 ] 400 150 |40 430 | 65| 60§ 12 |68
LKL 323 228 1283 ] -
ES101D 1] 18001 100 | 100 215 |3 38 ey 470 | 720 | 500 | 25 Iy 560 | 1100) 400 [ 150 | 470 | 430 |. 65 | 60| 12 | 6418
g 758 260 1050
Ens130e [T1—] 1800 | 125 | 125 | 225 {323 ] 358 {228 470 | 700 | 495 | 265 12331 560 1100} 400 [ 150 | 470 {430 ) 5. 60} 12 jE6a19
‘ g 345 263 1337
15 345 215 1480 | 535 i -
EHSI300 (12 1800 | 125 § 100 280 [ire] 416 [5re] 575 | 0 | 545 | 340 e 250|300 500 | 150 | 440 | 410 50| 60 25 6419
1 323 215 1901 560
ens15lc (5 1800 | 150 | 150 | 265 [345] 355 | 263 | 470 | 790 | 570 | 38 1367 56011100 400 | 150 | 470 | 430 | 65| 60| 12 |69
- Tss 352 286 1413} 885
I B T 345 s T TS5 00| 400
: X
: 8.5 a0 | 325 13521 400 | 296 | 530 | 955 | 655 | 365 HD1 R 150 | 470 ] 430 65| 60| 12 [6419
! p7] an . 14910 620 3 1000 | 45
I 26 3% 355, > - Nei5] 635 1¢
| 7 0.5 315 . |00 605
| 250 | 335 | 39 | 500°] 355 | 530 | ge5 | 655 | 365 {1646 | 625 | 1300| 500} 150 | 600 | 550 |. 65 ) 60 | 12} B4
; B I - i 1655 | 660
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STARTING COMPRESSORS / AUTOMATIC CONTROL COWIPRESSORS
GENERAL SERVICE COMPRESSORS / SOOT BLOWER'S COMPRESSORS
LIQUID GAS TRANSFER COWMPRESSORS / -

1/ [ABE has been manufacturing marine compressors for more than 50 years. This long span has
tresught a thorough experience and exact knowledge of all requirernents needed to meet marine usa.
1/-NABE marine compressors in air capacities from 5 to 600m?/hr at 25-30kg/cm?® are ever-
incrrasingly being installed in ships of all kinds from fishing craft, cargo vessel, container ship, oil
(onker, bulk carrier and liquid gas tanker, to war ship.

Si,r:cification and Data on the different series are supplied in this bulletin. Fuller information will be
glisedly furnished by the specialistin our works for your approval,
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ADVANTAGES

% dvanced engineering features insure highest
Hiciency and endurance.

Zalanced simple design conforms to all mari-~
me compressed air reguirement.

Certified by all registers of shipping {LR, AB,
BV, NV, GL and NK) through long experience in
production.

Dual profit by low maintenance cost together
with reliable performance.

SPECIFICATIONS

fajlvas:

‘anabe patented “Union Valve” of special alloy steel, in
shich suction and delivery valve work through one spring
ormrmon 1o both.

arge valve area affords low lift and high volumetric ef-
ciency.

ipecially designed “concentric type plate valve” for high
peed rotation, Practically rouble-free, long lite, assuring
sliable srmooth operation in yIMos! sevare working con-
itions.

rranlkcase, Cylinder 8lock and Cylindar Head:

we of close grained cast iron. They are separately mma-
tined and assembled into one, ensuring perfect alignment
f total motion work, For high-speed models, hardening
wrocess (Tuftride) of bore surface is applied.

srankshaft:
3 of forged steel with the journals finally ground finish w©
ine limits.

Tonnactingrods:
vre of forged steel or special cast steel of high quality hawv-
2g ample strength against any load and speed.

;'lain Beaarings:

\re precision type roller bearing correspond 10 Inter-
iational standard. Close alignment is ensured by suitable
older and lubricated properly to certify high durability.

Srank Pin Bearings:

are of kigh grade whitermnetal lined on bronze halves with
idjusting shims. Ample bearing area and well designed oil
srooves afford smooth running.

Yistons:

are of close grained cast iron or aluminium alloy having su-
serior characteristics against high temperature. They are fit-
:ed with an adequate number of compression and oil scrap-
ar Rings.

Piston Pin:
Are of case-hardened steel, precision ground all over and
fixed on piston body by snap rings, - full-floating type.

Cooling:

Ample capacity of cooling waier jackets and efficient air
coolers with copper or cuplo-nickel twbe. Gear or centri-
fugal pumps are furnished for perfect water circulation.

Air cooling is attained by high speed axial fan, and muiti-
finned intercooier and aftercooler keep compression par-
{ormance in perfect state.

Drive:

Various types of driving are availabie for diesel and electric
prime-meover.

Directly coupled through flexibie coupling and manual,
pneumatic or magnetic friction clutch.

V belt driving is also applied in case of speed reduction.

Lubrication:

Totally enclosed force-feed lubrication system by gear or
plunger type oil purnp. Pressure 1o all bearings.

Precision type il filter, pressure regulating valve, and gauge
assure reliable operation.

Control & Ragulation:

Mechanical unioader of suction shut-off and suction valve
open up types promise smooth continuous contrelling
operation. They are actuated both pneumatic and oil
pressure system accompanied with pressure regulator.
Automatic control by pressure switch, rmagnetic vaive and
variable timer relay.

Emergency stop and alarm equipment are also available.
They are designed and arranged to meet the requirement of
all sorts of modern automation systems in ships.
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2-stage water cooled

starting compressor

V-type four cylinder

2-stage water cooled

starting compressor

VH-470D

V-type two and four cylinder

3-stage air cooled
starting compressor
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STARTING COVIPRESSOR (Vertical 2-stage Water-cooled)

Speed 25%e S BOYE fem

Model No.
odet He (r.p.m) | wibe FA PS | Motor (KW)| m/hr FA PS | Motor(KW)
) 720 38 tl 1 37 1.5 1t
HC-54A .
900 47 14 1l 46 14.5 s
. 720 &8 ta.5 i8.5 66 20 i8.5
HC-65A
: 900 85 24.5 18.5 82 26 22
HC-65AS 1200 105 28.5 22 t00 30.5 25
HC-234A 900 136 37 30 132 ai az
720 138 a8 30 132 40 33
HC-2685A
200 170 49 37 164 52 40
720 195 51.5 40 190 4.5 45
HC-27T8A
900 240 63.5 50 230 67 55
720 260 &7 55 250 70 55
HC-2TTA
200 310 82.5 65 300 87 70

STARTING COMPRESSOR (V-type 2-stage Water-cooled)-

Speed 25Ke fem 30kg fom
Node! No. T
(ep.m) | w/br FA PS  |Motor(KW)] m/be FA | PS  |Motor(KW)
[ 720 | 390 o3 | 80 3s0 | 109 8%
VH-475D
o0 | 480 127 | 100 480 | 134 110
i 720 s20 | 134 | 110 500 140 1o
VH-477D R :
| =00 gzo | 1es | 125 600 174 132

STARTING COMPRESSOR (Vertical 2-stage Water-cooled)

Speed 25ke fo 30ke fenr
Model No.
- {r.p.m) m/hr FA PS Motor(KW) | m /hr FA PS Motor (K¥)

720 285 .72 55 280 76. 65

SHG-295C-A
300 360 a4 75 350 a8 80
720 570 144 {10 560 152 125

SHC-495C-A
[00 720 188 150 700 [a6 150

STARTING COMPRESSOR (V-type 3-stage Air-cooled) '

Speed 25HKe fow 30ke fexr

Model Re. (rom) | wrhr FA PS | Motor(KW)| m/hr FA PS | Motor(KW)
VLHH-64 500 78 18 15 .75 19.5 | . 19
1200 105 24 i9 100 26 22
Vtkﬁ-74§ ‘900 118 27 22 I!o 28.5 25
G 1zo0 | . 185 36 30 150 38 30
VLEH-94 '900 .| 170 38 30 165 4z 37
1200 230° 52 40 220 56 45
VLHH-114 800, 57 45 250 62 . 50
.. 1200 78 60 340 | .83. 65
VLHH“2114 720 | 94 70 400 | 198 _ | 75
- s 800 118 |: 80 "} BOO--|* 124 ¥+ 85"
B BRG] (T v Pt T, 2 i
AN AB L SN ONG EROADT PERIEN
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Single, double, four cylinder
vertical or V-type 2-stage

air cooled control and
gaenerzal service compressor

L
e

LHC-254A

Single, double and four oylinder -
1-stage water cooled
oil frea control compressor

Double and four cylinder
V-type 2-stage air cooled
oil free control compressor

VLHOS-2114
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CONTROL and GENERAL SERVICE COMPRESSOR
(Vertical V-type 2-stage Air-cooled)

Speed T ke fem ke fer -
Moadel Na. o
(rpm) | a/hr FA PS Motor (KW)] m/hr FA PS Motor (KW)
720 40 6.7 5.5 38 7.2 5.5
LHC-54A
900 53 8.5 7.5 50 9.2 7.5
720 80 12.5 11 76 i4.5 11
LHC-254A - ; ;
200 106 17.0 15 . |7 100 18.5 i5 .-
i 200 a5 16 15 90 18 15
VLM-654 i
1500 120 20 ! s IS 22 19
1200 145 24 T 140 26 22
VLH-T4 :
. 1800 180 30 25 175 32 25
HE - [o]s) 165 27 22 155 30 25
VLH-94 - .
I 1200 220 35 30 210 40 33
1 900 22s 32 i 25 217 35 25
VLH-114 i T
P 1200 330 4B i 37 320 | 52 40
i 900 450 64 1 50 435 | 70 55
VLH-2114 i i
!' 1200 660 94 I 75 640 | 103 80

CONTROL CONPRESSOR (Vertical 1-stage Water-cooted Oil Free)

: akg fon T kg o
i Model No. S = £ e
: (r.p.m) witr FA | PS - Motor(KW)| mlhr FA - PS | Motor (EW)
: 6500 65 83 ! 7.5 52 ! 9.5 7.5 |
i 0S-54A t : : -
! . 720 78 i gg ! 7.5 | 62 , I1.5 Pl !
P . 800 130 | 17 i 185 loa {9 15
0S-2548 : ; . : ]
i 720 1s6 | =204 1+ 15 tes | 23 19
I 4 T,
i 580 175 26 Potg 141+ 29 2z
05-2658 : :
660 201 29.5 | 22 i60 | 33 25
560 290 |° a3 25 250 49.5 40
0S-9TA
660 /| =40 51 37 295 58 40
560 580 8s 40 500 a8 45
05-297B
660 680 100 75 590 116 20

CONTROL COMPRESSOR (V-type 2-stage Air-cooled Oil Free)

Speed. 7Kg fear S KE femt
Model No,
(r.pom) | w/hc FA PS Motor (KW) | m/hr FA Ps Motor {KW)
VILHOS-64 780 66 (1 i 62 r2 Y
VHOS-84 {000 85 13.5 I 80 14 i1
VLHOS-74 780 98 1s.5 |. 18 24 = is
VHOS-T4 1000 128 19.5 19 i20 20 g
VEHOS-94 780 150 22 (B2 140 23.5 (B}
VHOS-94 100~ 190 27 22 180 30 25
VLHOS-114 780 220 32 25 210 . 35 27 E
VHOS-114 1000 280 |. 4l 33 270 45 37 :
VLHOS-2114 780 440 64 50 420 70 55 !
VHOS-2114 1000 560 82 75 540 30 75 ;
I

VYLHOS: Air cooled VHOS ! Water cooled
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Single cylinder 2-stage air cooled
small starting compressor

Double cylindar double acting 2-stage \“ ;
large capacity water cooled
oil free compressoar

VHOS-145

Double cylinder double acting 2-stage .
large capacity generasl service
compressor
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EMVIE

Single cylinder 2-stage air-coolad
amergeancy starting compressor

COMPRESSDOR
(Vertica! 2-stage Air and Water-cooled)
| 5k fen 25 ~30ke fors
Model No. Speed —
{r.p.m) w/ihe FA PS m/he FA PS
900 4.7 i.a 4.3 1.6
LSHC-208
1000 5.2 1.5 5.0 1.7
900 13.8 4.8 (2.8 5.3
LSHC-30A
1000 14.8 l 5.3 13.8 5.8
500 20.4 7.2 9.4 8.0
LSHC-40A T
i 1000 22.3 7.9 21.2 8.9
i : 300 3.8 4.7 13.0 5.2
1 S5HC-30C
; " 1000 = 5.2 | 14.0 5.7

L.SHC: Air cooled

SHC Water cooled

GENERAL SERVICE COMPRESSOR (V-type 2-stage Water-cooled)

Speed T ke feor SKg fow
Model No.
(r.p.m) mihe FA PS Motor (KW} | m/he FA PS Motor (KW)
900 - 225 32 25 217 35 25
VH-114
1200 300 48 37 320 s2 37
900 450 84 50 435 70 55
VH-2114
1200 800 94 75 540 103 75
900 1050 140 1o 1034 139 110
VH-145
1000 1050 | 40 Ys) {035 139 110
300 1410 185 150 1344 187 150
VH-165
1000 1410 185 150 1362 87 150
- GENERAL SERVICE COVMPRESSOR
(V-type 2-stage Water-cooled Oil Free)
7 ket fen Ike
Model No. Speed £/ee fen
{r.p.m) w/hr FA PS Motor{KW}{ m/hr FA PS Motor (KW)
600 780 as 75 750 105 80
VHOS-145 -
720 930 110 90 900 125 as
800 970 {25 g5 950 -1as 110
VHOS-165
; 720 1170 150 120 il140 160 125
SR I o o SRR N :fﬁﬂyi,f’::: : MALELEA T L et
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83
—-165
1 80—260

ty
250400

i

w fhr
50—

Capae
100
500—800

fference
ke /enr
1.5-3.0
1.5—3.0
[.65-3.0
1.5-3.0
1.5—-3.0

Pressure

D

il Free)
I8
18
18
i
I8

kg /omt

Gas Pressure
{Max.)

Speed
(r.p.m}
400—-600
400600
400--600
350-550
350—550

GOS-54A
GOS-2548B
GOS-2658
GUS-9TA
- GOS-2978

(Vertical 1-stage Watercooled O
* Model Ne.

. LIQUID GAS TRANSFER COMPRESSOR (LPG COMPRESSOR)

i




1) The model No. of compressors shown in following
charts are indicated by newly revised No. to which im-
proved modifications are applied.

(Example)
previous No. revised No.
HT-65 HC-65A
VHC-475C VH-475D

A snd D show modification svmbols.

The cantents of principal modification and improvement

are as follows:-

* Range of operating speed (rpm) was increased for
about 20%.

* To ensure high speed performance, LP & HP valves
were improved to high-speed type, and each stage
cooler capacity was amplified.

*  Total balanging was fully improved.

Cvlinder lubrication systern was modified to direct cil

forcing into cylinder wall, and application of wall

hardening process was putinto practice.

Remarks:

These new rmodels are manufactured by the appli-
cation of ISC Metric thread and screw except taper
thread pipe jointings

EXPLANATION of the CHART

2) The delivery Free air Volume of Emergency, Control and
Main air compressor is indicated by the volume meas-
ured according to charging test method.

3

The delivery Free air Volume of Control Oil-free com-
pressor is indicated by the volume measured according
to orifice matering method prescribe in NS (Japan Indus-
trial Standard); - mostiy corresponds 1o DIN,

4

—

in case of direct-coupled Main air combressor, following

considerations are paid in its performance.

i. The delivery Free air Volume at each speed is indi-
cated by that which involves estimated motor slip-
page. Therefore, the air compressor having 80m*/hr.
capacity at nominal speed of 900 rpm, it also fulfils
that capacity at actual speed of about 875 rpm.

il. The power required at each speed and pressure is
calculated according o the synchronized speed of
electric motor,

SERVICE NETWORK FOR "TANABE" A[ﬂ COMPRESSORS

al JAPAN

Kobe/Osaka ............
Tanabe Pneaumatic Machinery Co., Ltd.
14-G, 2-cheme, Senrioka, Settsu-City, Osaka
Fhone: 08-388-1331
Telex: 523-3537 TANABE J
Cable; TAPCO SUITA (OSAKA)

Tanabe intarnational, Ltd.
' 15-24, Naganohigashi, Suita-City, Osaka

Cable: TiCOSA SENRI OSAKA
Telex: 5286221 TAINTL J
Tokyo/Yokohama.......

Tanabe Prneumatic Machinary Co., Ltd.
Tokyo Branch

6, 1-chome, Nihonbashi, Muromachi, Chuo-ku,
Tokyo

Phone: 03-279-2481

Telex: 222-2170 TAPCOTJ

Tanabe Compressor Co., Ltd. Tokyo Works
785, Yukizato, Nakano, Ebina-City, Kanagawa-Pref.
Phone: 0462-31-1701

Telex: 3872-559 TACOMP J

b} U.S.A.

New York ..............
Argo International Corp.
140 Franklin Street, New York, N.Y. 10013
Phone: 212-866-2000
Telex: RCA 235514 ARGQ UR

c} EUROGPE

Englard ........coiv s
E.Gray & Co. Ltd.
7. Bevis Marks, Londen, E.C. 3
Phone: 01-2839276
Telex: 28411
Cable: EDGRAY LONDON

Netherland. .............
D. Van Da Wetering B.V.
Bunschotenweg 134, Rotterdam-3022, Netherland
Phone: 010-29 6255
Telex: 22122 DVDW NL
Cable: DEVANDEW ROTTERDAM

Belgium ................
Argo International Corp.
117 Noorderlaan, Antwerp, Belg! um
Phone: 031-42 2432
Telex: 32530 TANGI—!E B8
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Gravity type davil Radial davit

Davit gpan

vy _,,___;-"_'":a_a._,'a patal ~
b T “. ! 1{7 Feame Griping spar br.:c.k;ii.;_,
“_!--F'—-J%‘jq ; \»_{ Y i Crosy head bitt

“Dirive tube

4
Keel chock

Lilting gear

ol

[

vl T .

{jé\;q Swivel ring shackle
Link 2~

""Jcﬁ/ Side plate
Vol 0T

Tumbler hook :?f', . ’
. U Safety pin ) G x
s ﬁyw ambar'

x Gf' :

{ Fore and afier I [c!
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