Vil Kesimpuian
Dari hasil perhitungan vang telah dilakukan pada kapal rancangan vaitu Kapal

Curah 13.000 DWT dengan dimensi sebagal berikut

Panjang keseluruhan ( Loa ) 13259 m

Panjang antara garis tegak { Lbpy 1 120.54m

Lebar kapal ( B ) D 20,09 m

Sarat kapat { T) ;84 m

Kecepatan (' Vs) 14,52 Knot

Dead Weight ( DWT) - 13000 Ton

Jarak Pelayaran ( §) 525 mil

Klasifikas: - BKI

= Untuk dapal menetukan besarnya daya motor induk sebagai penggerak utama

kapal, maka faktor kecepatan daerah pelayaran serla dimenst dart kapal
mempunyal pengaruh sangat besar,

= Di dalam perancangan kamar mesia, tdak terlepas dart adanva Asums! asums!
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, mapn peralatan peralatan lain hendaknya
dintur seefesien mungkin, hal ini untuk mempermudah daiam perawatan dan

perbaikan peralatan vang ada s1 kamar mesin stu sendir.

< Peletakan permesinan berpengaruh pada stabilitas kapal.
= Pemilihan mesin baniu tergantung dari jumlah dava yang harus disuplai pada

kondisi operasi kapal vang berbeda beda.
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EPENENTUAN
TAHANAN KAPAL

b i

ol PENDAHULUAN

' Dalum membuat usulan awal untuk kapal baru atau
snclakekan studi transportast, pertanyaan vital yang
L wiing dihadapi pemilik kapal, arsitek kapal, politikus,
* shli ckonomi, atau mahasiswa adalal besarnya daya
png diperlukan. Jawabannya dapat dicari dengan
Yerbagai cara. Scperti halnya dalam perancangan awal
tapal, ada tiga kelompok yang dapat dipilih

Mectode kapal pembanding
Metode statistix
Metode satu per satu

;J’:ka memakal metode yang pertama maka harus dipitih
‘ matu kapal pembanding. Kapal pembanding ini harus
;acrupakan jenis yang sama dengan jenis kapal yang
-}d’::}'a.fatkan dalam usulan. Selain itu, ukucan utama dan
" 1ecepatan kapal pembanding tersebut harus tidak jauh
- terbeda dergan yang diharapkan untuk kapal yang
" itan diusulkar. Koefisien admiralty A, untuk kapal
“rephanding dihitung dengan memakai rumus

‘A 1
4= 2l (5.1.1)

" 2 adalah daya yang diperlukan untuk menggerakkan
* Tapal pada displasemen A dan keeepatan V. Kemudian
| &y Pp untuk kapal yang diusulkan dapat dihitung
~ denzan

AZ/‘L/J
[
P, = — (5.1.2)
? .4‘-

4, dan ¥, masing-masing adalah displasemen dan
kecepatan kapal yang diusulkan. Di sini daya yang
diperlukan dianggap berbanding lurus dengan tahanan
total kapal.

Bila memakai metode yang kedua maka data
propulsi dari seperangka: kapal dikumpulkan- dan
dipelajari statistiknya. Hasilnya dapat diberikan berupa
program untuk perhitungan atau scperangkat diagram
yang menyatakan daya sebagai fungsi dari, mungkin,
koefisien biok, displasemen, dan rasio panjang —
displasemen. Seperangkat diagram semacam itu dapat
dilihat di Bab 9.

Berbeda dengan kedua metode tadi, dalam metode
yang ketiga tahanan kapal yang diusulkan itu sendiri-
lah yang harus diketahui. Tahanan ini dapat ciipcrk\ira—
kan dengan berbagai cara. Gagasan melakukan
percobaan model di air untuk memperkirakan tahanan
kapal berukuran penuh sebagaimana disecbutkan di Bab
3 merupakan gagasan yang sudah timbul sejak iama,
yaitu mulai dari sekitar tahun 1500 (Turnisi, 1953),
namun demikian hingga tahun 1368 tidak ada metode
yang dapat dipakai untuk mentransformasi data model
ke kapal yang sebenarnya (Stoot, 1959). William Froude
kemudian mengusuikan hukum perbandingannya dan
menunjukkan cara pemakalannya dalam praktek untuk
memprakirakan tahanan kapal dari hasil model. Dalam
bab ini akan diuraikan dan dibahas metode Froude dan
metade vang paling akhir untuk menentukan takanan
kapal.

95
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[. Semua data diacukan pada daerah

(ingkup)
model, dan tahanan madel (Ryy,) ditentukan
sebagai fungsi kecepatan.

. Koefisien tahanan total spesifik model (Cyy,,)
ditentukan :

R Tin
ViV S,

CTm = {555)

p adalah massa jenis, 1, kccepatan model, 5,
permukaan basah model (= panjang garis sisi rata-
rata ¥ panjang garis air).

. Koefisien tahanan sisa spesifik ditentwkan dari

CR = CTHI‘ o~ Can (55.6)

Cgn adalah koefisicn tahanan gesek spesifik. "Garis
korelasi model — kapal ITTC 1957 dipakai unwuk
menentukan koeflisien tahanan gesek,

0,075
Cp o= 2002
)2 Toen Ry =3 (5.5.7)

R, adalah angka Reynolds (FFL/», » adalah

koefisicn viskositas kinematik dan L panjang garis
air}. Dalam Gb. 3.5.4 diberikan kontur Cp untuk
berbagai harga 17 dan /9. Koordinat horizontal

menunjukkan panjang model L. Diagram topees
untuk p = ;

tersebut dengan kondisi yang lain, yaitu massa i

dan sulwu yang lain, panjang kapal harus diubahéfgi

139 % 10 *ms™' p = 100008
dan 7" = 15°C. Karena v untuk z11c11.1akaidiam“e:

sebielum memakai diagram tersebus schagai bc:;‘;i{f%

4. Cp dinvatakan scbagai fungsi angka Tros
LJ

Fp = m—— (3.8
Vgl

(rasio kecepatan — panjang V/ VL. dalam hal i &

diukur dalam knot dan /. dalam kaki, didapat &3

subskala dalam diagram Cp).

5. Hasilnya dikelompokkan menuru! rasio panjang
displasemen /v " dan koefisien prismail
madel. V¥ adalah volume displasemien dan

(5.53%

4 adatahlebar, Tsarat, dan g koefisien penampsy
melintang tengah kapal,

AIR SEGAR 157 C

l
|
0 ] 2 3 4 5

Gzmbar 5.5.4.  Koelisien tahanan gesek Cp(menurut ITTE 1957) sebagai fungsd dari panjang model kapal! L dan

kecepatan 1,

\ e ﬁ
ITTC-57: ¢, = 0075 | §
b o9 Ram 2

6 7 8

6. Diagram
kurva ra:
2,5. Diny
5.5.13.

Dalam diag
garis ferpt
terscbut did
jumiahnya
iy keragua
Selain ity,

Lekat dacra

yang menyc
negatif, i
Perubaban
dalam dacra
berarti pada:
Perlu pu.
lerschut ber
standar; yai
nya standar
ya merupy
moderat, da
condong (r:
Tahanan
dapat dihitt

R
Pr

Dalam hal

CR = K¢
yang “st
5.55-5
CF = ke
dengan «

atau dap
ini kont
yang be
panjang
1188 =
15°C, 1
jenis dar
tersebut
beritut




tersebud
00 t/m'y,
diaprasy
1552 jorri A
bah dd:
i berik,

(5543

Froué

(5.5.8]
12l ini lgi
ipal du‘é

njang-
natik ¢
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(5.5.10
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¥
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6. Diagram utama digambarkan untuk meayatakan
kurva rata-rata Cp untuk rasio lebar —sarat B/7 =
2,5, Diugram terscbut ditunjukkan di Gb. 5.5.5 ~
5.5.13.

Dalzm diagram tersebut kurva yang digambar dengan
garis terputus-putus menunjukkan bahwa kurva
lersebut didasarkan pada hasil percobaan yang sedikit
jumtahriya atau diperolel: secara ekstrapolasi. Karena
it keraguan hasil di daerah kurva itu cukup besar.
Sclain itu, perlu diperhatikan pula bahwa di dan di

Lekat dacrah kurva yang mempunyai punuk (tonjolan)

yang menyolok, terutama jika kemiringannya menjadi
negatif, tingkat ketidak pastiannya juga tinggi.
Perubaban yarg kecit saja dari bentuk badan kapal di
dalam dacrah tersebut dapat mempunyai pengarul yang

berarti pada harga Chp.

Perlu pula discbutkan di sint bahwa kurva tahanan
tersebut berlaku untuk kapal yang mempunyai bentuk
slandar, yaitu letak titik benamnya standar, harga 8/7
nya standar, bentuk penampangnya normal, buritan-
nya merupakan buritan sendok (cruiser stern) vang
moderat, dan linggi haluannya merupakan linggi haluan
condong (raked stem).

Tahanan R dan daya efcktif Pz untuk kapal baru
dapat dihitung dengan memakai

R (5.5.11}

Cr{4p*i8)  (N)

Pp = RV (kW) (5.5.12)

Dulam hal ini koefisien tahanan totalnya adalah

CT = Cp + Cr + Cy (5.5.13)
Cp = koeflisien tohanan sisa. Uatuk bentuk kapal
yang “standar” dapat diambil dari diagram (Gb.
55.5-5.5.13)

Cr = koefisien tahanan gesek dan dapat dihitung
dengan memakai

Cr = —OLQZM {(5.5.14)

(og Ry ~ 2)°
atau dapat diambil dari Gb. 5.5.14. Dalam gambar
i kontur €y ditberikan untuk berbagai harga V
yang berbeda. Koardinat L horizontalnya adalah
panjang kapal. Diagram tersebut berlako untuk v =
LIRS » 10-m.s "', o =~ 1025 t/m', dan 7 =
158, Untak  kondisi yang MAssa
jenis dan suhw yang lain, sebelum memakai diagram
tersebut parjane kapal harus diubab duiu sebagai
beribut

lain, yaitu

I, 188

Ly = 10%p

L (5.5.15)

C, = koefisien tahanan tambahan, yaitu koefisien
kekasaran permukaan dan pengaruh skala pada hasil
percobaan model. Dalam hal ini maka C4 akan
tergantung pada cara penentuan Cp dan Cr

Untuk kapal penarik, R harus diganti dengan R + F.
Dalam hal ini / adalah gaya tarik tali penarik (tow rope
pull}.

Karena kapal pada umumnya berbeda dengan
standar dengan tingkat perbedaan tertentu, lebih besar
atau lebih kecil, maka harus dilakukan koreksi sebagai
berikut.

B/T

Karena diagram tersebut dibuat berdasarkan rasio
lebar — sarat

B/T = 2.5 (5.5.16)
maka harga Cp untuk kapal yang mempunyat rasio
lebar — sarat lebih besar atau lebih kecil daripada harga
tersebut harus dikoreksi.

Berdasarkan hasil pemeriksaan materi pengujian
yang ada saal ini maka disarankan untuk memakai
rumus korekst berikut ini :

10 Cp = lO"CR(n/ng‘_{] + 0, 16(8/T - 2,5)
(5.5.17)

Korcksi ini dapat mempunyai harga yang negatif atau
positif,

LCB

Semua kurva Cp tersebut dimaksudkan untuk kapal
vang letak titik benam longitudinalnya dekat dengan
letak yang dewasa ini dipandang sebagai letak yang
terbaik yang memungkinkan. Letak LCB yang optimum
merupakan kuantitas yang masih agak meragukan, dan
semua kepustakaan yang ada menunjukkan pendapat
vang berbeda-beda sehingga memberikan gambaran
yvang agak membingungkan, Namun demikian,
ketergantungan tahanan kapal pada L.CB nampak jelas
pada kccepalan yang iinggi. Scbagai upaya untuk
mengatasi kerancuan tersebut maka semua inlormasi
yang ada dikumpulkan dan diringkas pada Gb. 5.5.15.
Namun ini harus dipandang sebagal LCB standar untuk
metode itu saja.
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1ar 5.5.15. LCB standar. Letak longitudinal titik benam yvang
dang terbaik.

alam hal ini, LCD standar (ersebut didefinisikan
gai fungsi linier angka Froude F,. Karena tidak
ya ketergantungan yang pasti pada parameter lain-
-ang tercatat maka LCB standar tersebut disajikan
12l garis tunggal. Dacrah yang diberi warna gelap
kitar paris ini menunjukkan lingkup materi yang
i.
bagaimana disebutkan scbelumnya, karcna letak
standar dianggap mecrupakan fctak yang
derikan tahanan yang paling keeil maka letak yang
sada prinsipnya akan memberikan tahanan yang
besar. Penambahan tahanan terscbut harus dicari

i jalan mengalikan penyimpangan LCB dari
ar, yaitu

LB = LCB - LCBunga {1.CB dalam 947.)
{5.5.18)

n faktor 810°Cr/d1.CB. Harga fakior ini dapat -

ileh dari Gb. 5.5.16, dan ini hanya berlaku untuk
ang berada di depan LCB g4nqa,. Mengenai LCB
serada di belakang LCBaudar. SCmua sumber
ada mempunyai pendapat yang saling
tangan. Namun demikian, karena kecenderungan
nya letak demikian itu sangat kecil maka
»aian koreksi dalam hal itu tidak akan memberi-
salahan yang berarti.
gan demikian maka koefisien 1alanan sisa
t koreksi tersebut vituk kapal vang mempunyai
i depan LCHB standar adalah :

a10'Ch

4 = ALCB
dl.C3 ! |

= tOJC.‘E‘(Smnd:\r} (5.5.1%9)

Bentuk badan kapal yang dilingkup dalam S.'L:v
Resistanice adalah bentuk badan yang umum untuak jei b

kapal niaga di sekitar 1ahun 1960 an, yaitu sam;

dengan wakwu diterbitkannya publikasi Guldhampget

dan Harvald {1974). Bentuk badan kapal terse

mempunyai buritan yang ditetakkan tegak lurus 8
{berimpit dengan) sumbu tongkat kemudi {rudic.
stock} dan haluan yang tegak lurus di ujung depan gaig
air perancangan. Sejak tahun 1960 bentuk badan kep b
telaly mengalami pengembangan lebih lanjut, dan ek
bervariasi, misalnya berbagai bentuk haluan gembury :

vang iclah dipakai secara luas.

bentuk gembung modcern atau yz;ng lebih bervaria
maupun untuk bentuk tradisional, tetapi L dan LG
harus mengikuti deflinisi yang lebih sesuai berikut i
Panjang perhitungan L didefinisikan scbagai panjay

antara batas depan dan baias belakang dispiascmen B
s i n hoA dISp ascmen, 3 mcrupakﬂn pe

yaitu panjang terbesar dari bagian badan kapal yarg
berada di dalam air, dan ini adalah Lgs menun
standar I'TTC. Untuk kapai dengan bentuk tradisions
tanpa gembung, panjang tersebu! adalah panjang garn
air.

LCB didefinisikan sebagai letak lengitudinal it
benam, yaitu jarak antara ik ini dengan penampay

tengah kapal, dan positil di belakang penampan |
tersebut. Midship section (penampang melintang tengat §
kapal, alau pcnampang tengah kapal, atau bidan{
tengah kapal, atau bidang tengah kapal) didefinisikaf

scbagai penampang melintang vang terletak scjauh

48,5% L dari batas depan displasemen. L adala -.

dte'c,

JaLCe

05 | *'L ”X [’/ I

3z

fe! ra
S—
019
= ah a5 " o1 IS )

fiamhar 5,510,

depan

Rarekad knclicien tahanan < umok LOCB 17 e

standar. Denpan demilian maba ioredsi ini adalp

(F 10 “{.‘R.'e'! LW LOR]L, ALCH adalah jarzk lengitudinal ani )
LCB vang sehenarnva dengan LU standar dalam pereen Lo TiddE
ada Loreki untuk LCB vang terfetat di belahang standar. Koreksf

lerschoi selalu positif.

Rumus perhitungai:

tahanan vang diberikan di sini dapat dinakal baik sni E . :
vang ) pakai baik untel - landar”, ya

- benar berbent
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i pinjang perhitungan menurut delinisi tadi. Dengan

' femikian maka penampang tengah kapai menurul
&efinisi ini adalah pertengabian antara kedua gacis tegak
f hantu (auxuliary perpendiculars), 47, - Fr; banding-

zkan ¢i Gb. 3.5.17. Untuk bentuk normal, A2, - /7P,

:ini akan sama dengan Kedua garis tegak yaug wmm
didefinisikan, AP — /7

| JENTUK BADAN KAPAL (BENTUK PENANMPANG
MELINTARNG DAN HALUAN}

Sebagaimana disebutkan sebelumnya, kurva tahanan
(yang diperoleh berdasarkan Glb. 5.5.5-5.5.13)
dlanggap berlaku untuk yang mempunyal bentuk
'tandar”, yaitu penampangnya bukan yang benar-
benar bcrbe{]tuk U ataupun V. Karena itu, dalam
menghitung daya efektil untuk perancangan awal
ymumnya tidak diperlukan koreksi untuk bentuk
pnampang badan kapai. Jika penampang tersebut
merupakan penampang U atau V yang ekstrem maka
harga 10°Cg, dapat dikorcksi sebagai berikut : Koreksi
19'Cg untuk bentuk dari penampang

badun depan exstrem U ckstrem V

- 4,1 40,1
badan belakang ckstrem U ckstrem V
+0,1 -0,1

(5.5.20)

Koreksi ini berlaku untuk kecepatan V/\”gL dalam
rentang 0,20 — 0,25, Selain itu, pentuk “standar” harus
dipandang sebagai bentuk yang mempunyai garis yang
dirancang dengan baik. Jika garis perancangan tersebut
harus diubah untuk menyesuaikan kebutuhan
operasional kapal, atau besarnya daya harus diberikan
telonggaran, maka disarankan agar Cpr dinaikkan
whesar H0% dar, untuk garis perancangan yang tidak
optimal, mungkin scbesar 20% atau lebih.

Mengenai haluan, beatuk standar tersebut harus
dipandang sebagai bentuk haluan kuno tanpa gembung.
Untuk kapal dengan haluan gembung yang mempunyai
harga Agr/Ax z 0,10 (lgy adalah luas penampang
haluan gembung di garis tegak depan dan Ay adalah
luas penampang tengah kopal) maka disarankan agar
10°Cp diberikan koreksi scbagai berikut -

T
AP 1A
oL
Alp
D |
| L L e
SIS T T T (Bl -
!7_.._.._.. PO Lep - e
AFFP 3%
oF L L
alp Flp

Grmbar 5.5.17.  Definisi L dan LCD. {a) Bentuk normal. Panjang
buritan pada garis air umuemnya 1%, (b) Badan kapal tanpa linggt
buritan {sternpost). AP umumnya diletakkan di ujung belakang DWL.
Untuk koreksi LCB dipakai AP 3% L di depan ujung belakang
garis air. (¢) Badan kapal dengan panjang buritan yang ekstrem. Untuk
Lorcksi LB dipakai /7, 3% L di depan ujung akhir garis air. FF,
adalah batas depan displasemen.

Jika App/Ay = 0,10 maka bentuk haluan gcmbung‘
akan tampak lebih menyolok. Koreksi untuk
0 < Apr/Ay < 0,10 dianggap berbanding lurus
dengan ukuran gembung.

Koreksi ini hanya berlaku untuk kapal dalam kondisi
permuatan saja. Untuk kondisi balas maka koreksi
karena adanya haluan gembung akan memberikan
gambaran yang sebaliknya. Bentul penuh (¢ > 0,70)
akan menunjukkan penurunan tahanan yang menyolok,
harga koreksinya dua hingga tiga kali harga koreksi
terscbut, scdangkan tahanan uatuk bentuk ramping
(¢ < 0,60) umumnya akan cenderung naik.

e
zlit §
17 &,
g

F, =0,15 0,18 0,21 0,24 0,27 ¢,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 -0,2 -0.3 -~ 0.3 0,70
+0,1 0 -0,2 0,80

(5.5.21)
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ANGGOTA BADAN KATAL

Tidak ada korcksi bentuk
standar sudah mencakup
daun kemudi.

Daun kemudi

Lunas bilga Tidak ada koreksi

(lunas sayap)
Bos
baling-baling

Braket dan
poros baling-
baling

Untuk kapal penuh Cp
dinaikkan sebesar 3 ~ 583

(5.5.232)

Untuk kapal ramping Cy
dinaikkan schesar 5 — 8%

TAHANAN TAMDBAHAN

Pemberian koreksi pada Cpg untuk kapal merupakan
cara yang umum dilakukan dalam prakick dan sudah
bertahun-tahun lamanya diterapkan untuk memper-
hitungkan pengaruh kekasaran permukaan kapal
mengingat bahwa perimukaan kapal tidak akan pernah
semulus permukaan model, sckalipun kapal itu benar-
benar baru dan catnyapun masih segar. Koelisien
penambaban {ahanan untuk korclasi model — kapal
umumaya ditentukan sebesar C, = 0,0004. Namun
demikian, pengataman lebih lanjut menunjukkan bahwa
cara demikian itu tidak selalu benar. Karcona itu,
diusulkan koreksi untuk pengarub kekasaran dan
pengarul scbagai berikut untuk kondlsi pelavaran
percobaan ¢

Untuk kapal dengan L= 100 m, 10'Cq = 0.4
' = 50 m = 0,2
= 200 m = 0
= 250 m = —=0,2
! = 300 m = -3
(5.5.21)

Beberapa pihak berpendapat bahwa korcksi yang
diberikan di Bab 3, 5.2.4 Igbih sesuai, vaitu,

Displasemen
1.000 ¢ Cq= 0.6 % 10"
10.000 1 = 04w 100N (5.5.24)
100.000 ( =
1.000.000 1 = -06 » [0

Perlu disebutkan di sini bahwa korcksi untuk koclisicn
tahanan gesck ini masih agak meragukan,

ANGGOTA BADAN KAPAL

Korcksi Cp o untuk angpota badan kapal A
dilakukan dengan jalan menaikkan Cp &
dengan luas permukaan basah anggota badan
saja. Jads,

S\ -;
Crmz (g

Cpe o= :
! S -

3
S adalah luas permukaan basah badan kapal égi

adalah permukaan basah badan dan anggola
kapal. L

ey

TAHANAN UDARA DAN TATIANAN KEMUD &

Tahanan udara dapat ditentukan dengan memaleg,
mengenai struktur yang berada di atas air da
ugdara, Namun demikian, besarnya tahanan
umumnya tidak icrialu penting, dan upaya yan
dilakukan untuk mendapatkan hasil perhitunga g
tepat mungkin tidak memadai dengan penitg
pengaruh udara terschut. Karenaitu, jika data med
angin dalam perancangan kapal tidak diketahe
disarankan untuk mengoreksi 10°Cp scbagai beip

10°C ., = 007 (g

Kaoreksi untuk t1ahanan kemudi muagkin ¢

0.04 (5 &

104 =

tetapi fenfe saja untuk kapal vang stabil dalam kg
yang wajar korcksi terschut dapat diabaikan, &

Terlihal bahwa kedua koreksi terschut ked¥
dalam perancangan awal korcksi int umumnya
tercakup dalam tahanan tambahan.

KOMNDISI PELAYARAN DINAS

Tahanan dan daya cfcktsl yang dihilung 4
memakai diagram yang diberikan disini bcrlakuql
kapal datan kondisi pelayaran percobzan, yai, &
kondisi ideal dari scgi angin, gclombang, hedalams
dan kemuolusan badas hapal. Untek kondisi rak
pelayaran dinas harus diberikan kelongearan ams,
pada tahanan dan dava clfektf yvang disebabkaf
angin, laur, crosi, dan fouling pada badan i

1.

gmbahan kelo

acfayaran. Kelo

+dapg-kadang

h?&?ﬁnzuk tahanan
% aerikut

Jalur pelay:
Timur, unit
musim ding

Jajur pelay
Barat, untu
musim ding

Jalur pelar
Jalur pelay:
Autralia, ©

Jalur pelay:

Taharan total

-$ adalah luas

Banyak sc

“Pianjurkan w
“berikut ini :

Publikasi
1963, 1967
suatu seri
bentuk ka
Permukaa

Jika dari
kapal yar
satu bent
tersebut
kurang d

1. Permuka

dapat dil
{versi rut

1
%

Semua diag
FORMDAT

. dan haluans
belakang di
mentpunyai
asumsi tersc
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; Tambahan kelonggaran ini sangat tergantung pada jalur

wal herg .
scban:’.‘ T;;«ciayaran. Kcionggaran rala-rata ‘umuk pelayaran dinas
b fadang-kadang disebut sea margin atau service margin)
dan ‘*{f-mluk tahanan atau daya efcktif diusulkan scbagai
: Serikut
:
; Jalur pelayaran Atlantik Utara, ke
(1% Timur, untuk musim imnas 15% dan
musim dingin 20%
sal du®  Jalur pelayaran Atlantik Utara, ke
ota bef  Barat, umu}; musim panas 20% dan (5.5.28)
musim dingin 30%
Jalur pelayaran Pasifik, [5--30%
salur pelayaran Atlantik Sclatan dan
IDFE Awtralia, 12— 18%
nakaied Jalur pelayaran Asia Timur, 15 - 20%
dan &3 o i
U Tzhanan total harus dihitung dengan memakai rumus
.
f;f;; Ry = Cr(Ap¥?s) (5.5.29)
entinpe .,
mmrmdalah luas pc‘rmukaan basah badan kapgé.
il _Banyak sekali metode untuk memperkirakan S.
beritd Dianjurkan untuk memakai salah satu dari dua metode
terikut ini :
(8.5 o .
I Publikasi FORMDATA | -V {Guldhammer, 1962,
s 1963, 1967, 1969, 1973) memuat data hidrostatik dari
suatu scri yang sangat baik yang terdiri dari sejumtah
(5.8 bentuk kapal yang divariasikan secara sistematik.
"% permukaan basah semua bentuk memakai koeflisien
ke L
). ;
kecil (] LB+ 257) R
ya s
Jika dari perancangan awal kapal bentuk badan
kapal yang sebenarnya hampir sama dengan salah
satu bentuk yang diberikan dalam FORMDATA
wersebut maka akan diperolch S dengan kesalahan
Lurang dari 1%.
e Y Permukaan basah untuk kapal niaga yang normal
’ku':: dapat dihitung dengan memakai rumus.bcrikut ini
(g (versi rumus Mumford) :
amsi
raied S = 1,025Lpp(8pp B+ 1,77} (5.5.31)
amei
ko & Smua diagram dan rumus yang disertakan dalam
1 {;1? FORMDATA berlaku untuk bentuk kapal yang buritan
b haluanny: masing-masing terletak pada earis tegak
- Ylakang dan garis tegak depan. Hampir semua kapal
rempunyai fuas permukaan basah yang scsuai dengan
": wemsi tersebut, karena luas yang kurang dan luas yang

lebih akan saling Dberimbang. Unwk kapal yang
mempunyat juntaian (= bagian yang menggantung =
overhang), atau Ickukan (= bagian yang masuk
= cutout), di dalam air yang besar maka hal tersebut
harus diperhitungkan (diberikan kelonggaran).

Perhitungan tahanan dan daya efektif dapat dilaku-
kan dengan proscdur seperti yang ditunjukkan dalam
Contoh Formulir untuk Menghitung Daya Efektif (lihat
halaman 132). Perhitungan dapat difakukan dengan
memakai komputer mini. Kini banyak arsilek kapal
yang mempunyai program uatuk perhitungan demikian
itu. |

Dalam tahap perancangan perlanyaan utama yang
harus dituntaskan adalah jenis dan ukuran mesin
(misainya banyaknya dan ukuran silinder, jika memakai
mesin disel). Tahanan harus ditentukan dengan tingkat
kepastian yang memadai schingge, alas dasar daya
efektil Pg, daya poros akan dapat ditentukan dengan
tingkat ketepatan yang cukup untuk dapat menjawab
dengan aman pertanyaan vital (adi.

Di lain pihak, upaya untuk mencapai ketepatan yang
melebihi dari vang diperlukan untuk menyelesaikan

. masalah tahanan tidak mempunyai arti yang besar.

Tingkat ketidakpastian dalam faktor yang terlibat
cukup tinggi, dan pembaca diingatkan untuk tidak
membuang waktu untuk memburu ketepaian yang
tersisa dengan perhitungan yang sifatnya hanya
pendekatan.

Untuk kapal yung bertenaga mesin disel, merubah
jumlah sitinder, katakanlah dari 6 menjadi 7, atau dari
i1 menjadi 12, akan berarti merubah daya masing-
masing sebesar sckitar [7% atau 8%. Dengan
memodilikasi tekanpan efekif rata-rata dan jumlah
kisaran maka akan dapat merubah luaran menerus
(continuaus output) schesar sckitar 10%,

Mesin turbin mempunyai tingkatan menurut jenis-
nya.

Atas dasar pertimbangan tersebut barangkali tingkat
ketepatan yang diperlukan dulam penentuan Pg untuk
perancangan awal kapal dapat ditentukan sebesar 1
hingga $%. Kelepatan ini dapat dengan mudah
diperoleh dengan memakai diagram dan formulir
Perhitungan yang diberikan &1 sini.

Diagram dan rumus tersebut dapat pula dipakai
dengan cara sebagai berikut. Setiap hasil yang diperoleh
dari percobaan yang dilakukan sendiri oleh si arsitek
kapal di tangki percobuaan dicocokkan dengan diagram.
Data ini kemudian dikoreksi dengan mermakal remus
dan diagram tadi dan selanjutnya dipakai sebagai dusar
materi untek menentukan tahanan kapal baru yang
akan diajukan dalam usulan. Sering bahwa dengan
proscdur demikian ini dapat diperoleh hasii yang sangat
baik.
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; |
N ; : . . s axpressad in d ; i
difierence in pressures in the chambers will cause the vanes to {um enprassel i Pl as A xﬁv: the Fo_ﬁ:m amf loped on the steering
clockwise. ngine shait and its speed, n, rpm, will !

As soon as :.;, Eﬁmwms stops {urning the wheel the pressurc y Mo,
in {he svsiem drops, vaive 4/ is returned to its central position bv M= ?f kg-m {312
spring 44 e e o resf. ' _ K
spring 44 and th ider comes {o rest f,=i_n, tpm (313)

In cazes when {he rodder is operaled by emergency sieerin:
facilities {guadrants, rudder tackle, elc.), compression of the liqui¢
m the chambers = prevenfed by opening the reliel-bypass valve &

by iis spindie 43.
The interaction of the paris oi this steering gear for counter- |

where n, = 100 to 350 rpm for steam engines
n.. = 300 to ! 800 rpm for electric motors.

. The aungular fion_?. of rotation w,; ol the rudder stock can be
calcuialed from the following formulas:

cicckwise voiation of the rudder can be followed out in Fig, 155 1 con
. : W, =% 1/sec (314
24 Deferming drined saui i \ £ Pl .
4. Delermining the Principal Data Required in the . O = s H/sec (313

Design oi Steam and Eleciric Steering Gears :

Ewﬁm o’ = maximum rudder angle from the middie-line plane.
It Tollows irom formuia (314) that

WKLY

The main inilial data reguired to delermine the principal dimen-
cions of sieering gears are the rudder characterisiic, y,, the lorqus,
\:. inkg-m am?,_gmn on the rudder head and the fime, T, reguired
it over (he rudder,
bz fime required io pul the rudder from hard-over to hard-over.
nging upon the :uonr of Lhe ship and used in steering geor

b

30w,
= o (316

St

,...
’Ch

Combining equations (318) and (316) we obtain

on

mm.m.mP 15 listed in Table 47, 1 should not exceed the si L:n.:m,, n w302 = 1w - #

e.lablis .: d by the U. 5. S, R. Shipping Regisler. I T R M B (317 m
The time that “..J..u.n beiore ihe sleering engine reaches if ;

| {he slariing :Em must be taken in Combining equations (313) and (317) we can wrile

'S
mmnmg. which we shall cul
i the :ﬁm T for n:::,_a the rudder :.o_j
1.
a
)

eration by nn_:c:m : B N, > - _;
ver lo hard-over by 1.5 to 2 seconds. ¢ . Ly == =0n, {(318) _
If we denole the gearing ratio between the rudder siock 8 75T -

steering engine shail i... the overall efficiency of {he steerizi

e

mQ: as g, and the speed al which {he rudder siock  rurm. Taking equations (314) and a a) into con sideration, lhe power :
) . : am_am_oooo_ on the rudder stock is :
Tubte 7 g
- Moo, M % = i, 2 P
AV ALY o Sett ) SR o - RS [

Time ro- Speed of rudder n of.q:;.:.. e P - T T i 4.63 el I G 8 1 hp ..w_.u f:
quired :_._ put | degrsiz, lof :Enﬁ“ angle nf | \uu 5t 13D VR H { ) , b
B \ redder from , [ " i N i, .n -

Type of shin i d-over Moot e = = D380 i e .lqhﬂq meiric ip (3%20) :

| o “_".._nm.o<n_.. ot = 70 b 040 : 1 i : “

_ The shaft horse power of thie steering engine motive unit will he "
- W.
lee vreakers . . . . L. 15 4.06 4.25 N = M o i3

A N, ==t 2 metri 29 i
Sta-poinp craft and, " Neg 65 _o:_:.. T metric :m nc.._v | w
iranspont ol o s 2.8 tu 2,33.0.50 1o &S N M L ” *

Towi 3 3 o 35 Nyme =0 e | s i 99

Fowbozts . . . . . . m 2 lo 2% |3.5102.8]35.2102.39 G T Mg, : 6 flrs MELTiC fip (322) :
River craft . . . . . .| 40 lo 45 |1.75 to 1.55 1.6 lo 1.4% ﬁm, ) . :
| he shalt horse power can 2lse be determined from the shait lorque -
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, e 7 5-3. Determining the Principal Dimensions of t
| P, Anchoring and Warping Mochinery i
Lo 1.

< .

: : the princip :

The initial data wsed o delermin
g machinery are the require
at which the anchor i3 weig

d
hed irom the an
Hiis equal to the distance from the hawse hele lo

whic i

T It is sdvisable to defermine the puil un the cable h
£ ensure that one anchor will be broughil in at a speed oi i
£ per min from {he anchorage depih which is {aken eg H
R 80 m if each anchor weighs 1,000 kg or less i
H 90 m if the anchor weighs from 1,500 to 3.000 kg k
= 100 m i the anchor weighs from 3000 {0 6,000 & !
The fellowing notelion will he used  denve

etermining the pull on the cable iifter:

1

== weight of the anchor, kg
= weight per running metre of
length oi the suspended cab
e maic

e

oy o
!

[

= g

ol

~s
I

1 .
12, im

et
o

e -

> v, = 7,780 = density of i rial of the anchor. kg per cu m
Vo -= 1,025 = density ol sea water, kg per cu m
[oo= 1.28 o 1.35 = a factor {aking inie account the iriclion
,

164,

losses in the nawse hole and stopne
The reauired pull of the cable lHiler to

N .
R
W anontrg s

¢ "

IF i

. AL
I T P B —REY e 4 3300 - Pl 2
Teo=2/,(Gs+ paLa) | fv 20135 (0, +pula) {1755
= 235(G, +p, L) ky (3383)

In hoisiing one anchor
T.,=01173(G,+p,L) ke

The folicwing empirical formulas can be deriver
S

itom 3 compar-

-1 el

1
iscn of the weighis of anchors and the size of thei
& lated by the U.S.5.R. Shipping Regisier. as well

Standard on acchor chain:

The chain bar size d.==} G, mm. The weight per running meire of
anchor chain s

3

(2} p,,=0.023d. kg for onen-link nwmm:ﬂ
b) p,.==0.02184; kg for stud-link chain ! .
Fas

_fu

According to the U.S.5.R. Shipping Regisier the ail anchorin
arrangement, usually consisting of a capstan, must break away t oy
anchor and heave it in at 2 speed of at leasi & m per min.* .

124
= Lo
gl

* In breaking away one anchor irom {he bottom

Exy)

T =20, 4 LAT5 (G, 4+ 0.l &

58]




402 Mackinery
I et anehar and for wer.
ing i eed
i,
7= (555
: o

af the warping hawser.

n barrel heaves in a warping b
1 has been compiled iron the e
slans worked out by the Ceng

L.5.S.R.

where R, == breabing
The nm(a ai which
can be taken trom Tahle 58
jacin Em 56;_ cations |

et

Table 3§

Lireiul power,
kg-mses

0.2 “ 260
| (.25 ; 730
| 0.2 ! 00
[oeaer | 1,183
| 0,150 b1, 800

The sneed al which & pawser is heaved in by & windic
is nol lin :3 by ihe va Teble 58, and usually is equal
about 04. of SEC. . .

It has am wed previouvsiv {hat the same maci Lo
pioved boih ; Coand warping v: noses. I dallows )
windiasses be designed so as i ensure nol
eperation o and warpirg arrangementis.

Az a rule, w:n..o_.;m ﬁz_ ,;.:::m cans Mm:m and windliasse
cperation of the anchoring arra:

menl, and then 2 ek i made 10 see wh m?,;. they provide ic
Sa::ma pull and heaving-in syeed of the v E:m :.E.; s,
“The mumber of anchers. {heir weig E. :E size of ine
chain cables, the circumicrence of :_::m: hawsers and {owing
and iher Jengin zre deternnned irom the tebles of the pe
regulations of ihe Shinpi
essary o calen fats
mﬂﬂ ng arrdtgellien

cesigned le ensure ine proper

<y

g Regizfer. To find these values : S

e

rigging characier

tic of {he anchoring uhv

= LAE= )~ 3, (33

where L = e ai the ship at ihe summer Joad ling, m oL

© ; ] i the ship s
B = maximum breadih between the outer edges of the siyj

E_:. i

. g

3-3. Dimensions of

ff = :o_m:
edge of the wom
stringer, m
correction facior taking :ntn account the sail eflect of
the supersiructures.
Correction factors for the saii
4 neight 4, and lengih {, consist of
ta) correction Tactors for : $
poop and midships, cach hav

. —_
-4 =

s
Fap ™ ,..m_f.‘. -
where &), = if the lotal lengih of 15 equal

fess lhan 0.5 L

i the total leng
ceeds 0.5 L

1b) correction factors for the deck houses, each having a height 7,

and length {,;:

L
_Fm..:‘.

[ N
ah

If the U_,mmﬂ:r bae, of the mc

then the product 6,4, is substi
of 1.0, Thus
NH: mﬂ;.
(c) correction factor for the qua agd

3 tht i
neight A

Ly= LI,

Data on the anchering and w :.u:ﬁ
Tables 39 and 60. The éza_; oi each anchor
Ltheir total weight by the number of anchors
may be lighier :53 the speciiied values :c
of the machor chain cables are ni
that the average length of cach
not include the ler m::_ of the chi Z,m P, o
links and short pieces of shols ,,,:: WiV
ength comprises an odd number of shots, ther
starboard anchor chain cable is {ake
cable.

A seclion taken through the central plane of the u

ble lifler (Fig. 170) perpendicuiar to the shail will

ted in
~dividing
e zn chors
_I.h

::z: i

3, rO:ﬁmn: ah
abular cabi
lengih of the
noone stiot longer than the port

(IvJu

sual five-snug
be a regular

o LT, A

st

it ¥ it b



Warping  Alachinery

409

Denoting 1he engine shaft gpeed as 7., the gearning ratio of the

¢

mechanismi {Teble B1) is

—
&)

et
(=)
~1

Bowar unehorss

ren e e

e S50 [ wme B
- ,..s\ﬁ J,vm._ “ fpr

(b} int

Fom Anchor handling wear

oring arrangement is v, =0.7 {0 .

<4
Ng and n = E P -operaied capstans . . -
ing andn, =165 10 0.73 {or mechan; Hand-operaie pstan

Steam capstans . . . . . -
Eieciric capstans . . . . . .
Mand-powered windlasses . .
Steam windlasses . . . .
Fieciric windlasses . . .

The torque developed on ihe shaft of the moerive umit is

i

Al
M . _..t..mlh ka-im

s Sy
5 ..
l L. [T —"
e A=
oif the efficiencies of {he trans- LY T
moine gear train (Figl 17D " _# ) ]
|- I
w_ml M i
the cable lifier, = N
nir gesrs and ol ~ _ :
. qc..mm,ﬁﬂww.ﬁU; '
! BnG e mt i ait byen i : 3 K e
@ #nG o= numoer ¢ shalt bearings and pairs ‘ ,.m,,m.% .
. 0i spur gears. ) b s _
The {orove on ihe woble Tois i
p Tl . o |
.__w,. PR chull Lorogm
e gem ~
i Fig 17L

where 1, = 0.9 1 19 = eific i i
ere q = 0.9 10 2.02 = ¢ificiency of the cabie lifter




g oend Wareping Maochinery

-

motive umit should e

imetric hp

The mean indicaied power is

s
.._a_ im == b
Nea

i

The cvlinder
dyvumin's formule
& dead siop, is

neizy of the sieam engine,

according to Pos.
wiich is besed on the con

ditions for siarling iro

here Al = lorgue devzaped on the shail of the enusine,
g, = 0.83 lo L7 == cylinder ratio, fe. S:D,,.

The velue of (wip,, — n.) 15 approximaiely irom 10 to 15

conit _?.n ior a .za_t_:m engine, due to longer diz-

tance irem the anchoring n,.mn: nizm {0 the steam mEu_u:_ _.cf:_..;:n

i higher condensation lesses i ihe pipelines. The olher values in the

iormula are to .cm within the same [imiis as for sleam m_mml:m HE

pars)

I N, required to slarl ithe engine from rest
znd the cociiicicnt of teterve power ure

shere (= m.::nmwn # anm no:mcj ntion, kg pe
<

i

g per ihp-hr (the sa

“ as jor a sleamn st eering enginel.
:. :Q_, arises to deferming {he pull on the cable lifter from
ing mechanism, formula (390} can be used.
jormula (359} jor ihe lorque deveioped o
£nzine we can wrile

=

[

IR

o

On the olher hand, if ¢, is the total gearing ratio ol the {ransmission
in the ancharing mechanism, ﬁ:mn
M, .
M, = et wg-em
’ w._a.,a

Combining the equalions wie obtain

o ..:: :;.._.w..nl.l. - \ .G _..J._...n,_ 4 Q.. _L_...ﬂ - uﬂ.‘.mﬂ. :..‘I..l_hw —_
o =~ =2 i = 0.,
3
7a Dm \ : Leey
e 078 2, 0, (R P — P Mol B8
Vet

The diameter of the warp ends is laken equai o

(a) D,.,=(5 to 8)d, for hemp ropes (394)
{b) D.,==(15 to 201, lor sioed ropoy {392

where d,, = diameier of {he warping
Warp end diamefers determined frem U
ropes will be suitable for sieel ropes as we
Denoting e hawser heaving-i speed o

find the speed of lhe warping shail from the len heaved
in per minute. Thus
n, = -- _P.._l“,‘m..x rom {13933
v Al DN

where z,, = hawser heaving-in speed,
according to ihe mc: af

The gearing ratio belween the
ihe molive unit is - - : -

4 -
= —

i i TE

LI
The pulling force developed on the warp end s

M., LAY i 0.
= = = LIRS a4
\ﬂ.,nm 0 H ~i

where M, = _o::,m omfﬁm_om?_ on :5 .,,.55 end
N, = n o b
m:g moltive :n: f,_::
I§ n, tpm is the speed of {he motive unit shalt, the speed at
which the hawser is heaved in wiil be
u “..LAAU%...'TAGV:S
w B0i.,

per sec

(365)

Al

.
:
i

o pron,
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um carried out during ihe rolling wm:og This can be accompliished

\U en established that the boat hoisiing spet
g = 0.15 m per sec under these conditions. The he
“F'the tackle fall when single-sheave blocks are used must in this case

..3:5 on the winch head is equal to the sum: of

)

Lttt i

_the tackle falls:

-Disregarding friction losses, the torque develo

+shaft will be

‘If the winch has an eificiency of w,,. the torque and power on the

[EEE SRS T 73 SIS I EON R )

CRGH 4
d diameter s
D, = (5 8yd, :

- The speed, v, with which the bosts are hoisied and lowered
s mmm_m:ma so that if the ship is roiting one ci ithese operations can

The winch hea

i the heaving-in speed is grealer than the vertical component o the
crest speed of waves running along :F fengih of the ship. [t has
el must be at least 9=
aving-in speed of m

vm v, = 0.3 m per sec.
_ The required winch head speed is found irom the equation

(D, d)) n, =50,
mock Uy
. = =101 s TDM
W= G+ d)) mia, P

Assigning a motive unit speed (n, = 500 1o 1,600 rpm for elec- -
tric Eowoa and n, = 200 to 380 rpm for sleam engines), we can

find the gearing ratio of the boat wineh, Thus
oy -
4 T — ,

b T

In designing nonreversible worm gearing the number of teeth ;

“on the worm wheel is taken in the range from _K to 4. The pulling
ne pulling forces on m

T :

min ;

< \MJ“q...rua-

loped on the winch head

.ﬂAD: -"la_b

4

_}.h._u =

motive unii shalt will be

A, T{Dy+dp

M, = = —
AT i Dywtew
= Moyt .
. N, =g metric hp

cylinder diameter and indicated power of sleam boat
are determined from the same Posdyunin fermulas used 1o




Seclion U4 - Rudder and danocavimg Asangenent ‘ 1.

Section 14

Rudder and danocovring Aveangement

A Cienteral
1. Manoewvring arcangement
i1 Each ship 1s to be provided with a manocu-

VIInG i '1rr'1uwmcnt which will guarantee sutficient
manoeuvring capabiiity

1.2 The manocuy nng arrangenwsl mchudes !
pitrts from the rudder and steering gear ta the steermy

-.,:

posttion neeessary for steermy the ship

1.3 Rudder stock, rudder coupling, rudder bear-
mgf; and the rudder body are dealt with i this Section.
The steering gear 1s Lo comply with Volume 11,
Seetion 14,

1.4 " The steering gear compartment shall be
readily accessible and, as far as practicable, separated
from the machinery space. (See also Chapter [1-1, Reg.
29.13 of SOLAS 74}

Guidance

Concerning the nse of non-magneite maierial in the
wheel house in we of @ magnetic compass, the re-
quirements of the national Administration con-
cerned are to be observed,

1.5 For ice-strengthening see Section 15
)
2. Seructural detaids
2.1 Folechive means ate bo be povidad far np

porting e weipht of the sudider body wathout e
coestve bearmg pressure, e by atadder cares
attached to the upper pant of the radder stock The
bt structure wmoway of the rudder carner s 1o be
suitabiy strenpthened

2.2 Suntable arrgngements are W be providedto
prevent the rudder from lifting,

1.3 The nusdder stock s to be carried through the
hull either enclosed i a watertight trunk, or glands

are o he fted ahove the deepest foad waterline, o
prevent water [rom entermg, the steering, pear conne
partment and the tubricant from being washed wway
from the rudder carrier, 1T the top of the rudder trunk
is below the deepest waterline two separate stulling
boxes arc 1o be provided.

J. Sive of rudder area

I order Lo achicve sufficient manacuving capabibin
the size of the movable redder aren A s recommiendod
to be net less than shiained Trom the Tollowisy,
formula

AR VRN 3
T T B s T e
. Gl 100 el

¢, = factor lor the ship type:

= 1,0 ingeneral

= 0,9 for bulk carriers and tankers having 2
displacement of more than 50.000 ton

= |7 fortugs and trawlers

¢, = faclor for the rudder type:
= 1,0 ingeneral
= 0,9 for semi-spade rudders
= 0.8 for doubic rudders (per rudder}
0,7 for lzigzh It nwlders
¢ Tactor Tos the pudder pofile
P A fen FAU A rollen and plate vadde:
0% Tor hodbow pretiles
!
¢, = factor for the rudder arranpement

= 10 for rudders i the propeller pet

1S for nedders outsade the propeller pe

For scmi- -spade rudder 50% of the projected area ol
the rudder horn may be included into the rudder arca
A
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4, Materials

4.1 For malerials for rudder stock, pintics, cou-
pling Lolts cte. sec Rules lor Malerial Volume V.
Special material requirements are to be observed for
the tee notations ES3 and E£S4 as well as lor the arctic
ice notations Arc 1- Arcd

4.2 In gencral materials having a munimum
nominal upper yield point R,y of less than 200
N/mm? and a minimum tensile strength of less thas
400 N/mm? or more than $00 N/mutt shall not be
used for rudder stocks, pintles, keys and bolls. The
requirements of this Seclion are based on a material's
minimum aomimal upper yield point Ry of 235
N/mm?. If material is used having a R yq differing
from 235 N/mm?, the material factor k, is lo be
determined as follows:

235 |7 2

k, = for Ry = 235 NAmm~
RcH
235 ax

ko = - for Ry <233 Nimm?

eH

Ry = minimum nominal upper vield point of
materiat used in [N/mm?). Repq 18 not 1o be
taken greater than 0,7 - R, or 430 N/mm?,
whichever 15 less. R = tengile strength of
the material used,

4.3 Before significant reductions in rudder stock

diameter due to the application of steels with R,
exceeding 235 N/mum? are granted, the Socicty may
require the evaluation of the clastic rudder stock
deflections. Large defllections should be aveided in
order (o avoid excessive edge prossures in wav of
bearings.

4.4 The permissible stiesses given ny B L arc
applicable for ordinary hull structural steel. When
higher tensile stecls are used. Tugher values may be
used which will be lixed i cach individual case,

A Definitions

Cp = rudder foree in {Nj

Qq = rudder torgue in [Nmj

A = tlolal movablc arca of the rudder in [m?)

For nozzle rudders, A 1s not to be (aken fess
than 1,35 times the projecled arca of the
nozzle:

[}

A
A

i

- el
A+ arca of a rudder horn, 1f any, 1 [~

porticn of rudder arca located ahead of the
.. L)
rudder slock axis i fm<}

mcan height ol rudder area i [m]

mean breadth ol rudder arca i [my] {sce Fig
14 1)

T
l—(-—-‘ )’.;—-J
.\'} N,

C = - b,:;m
2 C

Fig. 14.1

aspect ratio of rudder arca A,
b¥A,

ahcad speed of shup wm {kn] as defined
Scction 1, H.5. if Uus speed 1s less than 10
kn, vq 15 Lo be taken as

= (v + 20)/3 [kn]

p min

astern speed of ship in fhal; il the astern
speed v, £ 0.4 - vy or 6 kn, whichever 15 Iess,
determination of rudder force and torque for
astern condition 1s not required For greater
aslern specds spectal evaluation of rudder
force and torque as a function ol the rudder
angle mav be required Moo linitations fo
the rudder angle at astern conditron s stipu-
lated, the Tactor x5 15 not to be taken less
than given in Table 141 for astern condition

material factor according lo Section 2, 13.2

Rudder Force and Torque

Rudder force and torque for normal rud-
ders

The rudder Torce s 10 be determumed ac-
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cording to the following formula:

Cp = !32'."\'\2'}{1‘342'}(3-}(1 N

v = vq for ahcad condision

v = v {or astern condition

k) = coelficient. depending on the aspect ratio A

Ky = (A+2)/3 whore A need not be aken greater
than 2

Ky = coefficient, depending on the type of the

rudder and the rudder profile according o
Table 14.1.

Ky = coeflicient, depending on the location of the
rudder

Ky = 0,8 for rudders outside the propeller jet

Ky = 15 forrudders aft of the propeller nozzle

Ky = 1,0clsewhere, including also rudders within
the propeller jet

K, = coelficient depending on the thrust coelfi-
cient ¢,

K, = LO0normally

In special cases for thrust coefficients ¢, > 1,0 de-
termination of k, according to the followuw formula
may be rcqmrcd‘

_ Cple)
‘ Cp (e, = 1.0)

Table 14.1
Profile/ K2
type of nudder ahead astern
NACA-00 series I 4
Gottinger profiles '
Rat side profiles i L4
holiow profiles 1.33 P4

to be speaally
considered,

high hft rudders 17 .
& ' il not known:
1.7
1.2 The rudder torque is to be determined by the

following formuta;

QR = CR T ]Nln]
= cfn- kh) ![i%]

1

« = 033 (or ahead condition
@ = 0066 for astern condition (gencral)
= 075 for astern condimon {hollow profiles)

For parts ot a rudder belind a fived structure such as
a rudder hore-

= .23 for ahead condition

@ 0,33 for astern condition.

For high lift rudders « is to be specially considered If
nol known, « = 0,4 may be used for the ahead condi-
tion

ky, = balance faclor as follows:

K, = AdA

Ky = 0.08 for unbalanced rdders

Tmin = 0.1 ¢ [m} (or ahead condition.

2 Rudder force and torque for rudder

blades with cut-outs (semi-spade rudders)

2.1 The tetal rudder force Cyy is to be caleulated
according to 1.1 The pressure distribution over the
rudder arca, upon which the determination of rudder
torque and rudder blade strength is to be based. is to
be derived as follows:

The rudder arca mav be divided into two rectangular
or trapezoidal parts with arcas A| and Ay (sec Fig
1. 7}

The resulting foree of cach part may be taken as:

: AL
(1:_1 = C-;.: e [IN]
0y - ..\‘ v
Cra = g _\— [N]

11 The resulting torque of cach part niay be
taken as

Qri = Cyy oy [Nmj

Qua = Cpz oy [Mm]
oo (- k) fm)
R (I Y fm]
kg & ALA

kyy = Aglh,
A Ay see Fig 142

C] = A/b,
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by, by, = mean heights of the partial rudder arcas
A and A, (see Fig. 14.2)

Fig. 4.2
23 The total rudder torque is to be delermined
according to the foliowing formalac:
QR = QR! + QR: [Nlu] or
QRmin = CR.rl.Emin [Nm]
Lamin T T (ep Ao Ay [m]

for ahead condition

The greater value is (o be taken

C. Scantlings of the Rudder Stock
I. Rudder stock diameter
1.1 The diameter of the rudder stock for transmil-

ting the torsional moment 1s not to be less than:
D, = 42 ‘\/QR' k, fmm]

QpsceB. [2andB.22-23

The related torsional slress s

T = ﬁ (N/mm?}
r
k. sce A4.2.
1.2 The diameter of the rudder stock determined

according to 1.1 is decisive [or the steering gear, the
stoppers and the focking device,

1.3 In case of mechanical steering gear the dia-
neter of the rudder stock in its upper part which is
snly mtended for transmission of the torsional mo-

meat from the auxiliary sicering gear may be 0.9 D,
The length of the edge of the quadrangle for the
auxiliary tiler must not be less than 0.77 D and the
hicight not less than 0.8 [

.4 The rudder stock 15 to be sceured against
axial stiding. The degree of the permissible axial
clearance depends on the construction of the sleering
engine and on the bearing

|3

Strengthening of rudder stock

2.1 If the rudder 15 so arranged that additional
bending stresses oceur in the rudder stock, the stock
diameter has to be suttably increased. The increased
diameter is, where applicable, decisive for the
scantlings of the coupling

For the increased rudder stock diameter the equivaient
stress of bending and torsion is not to exceed the
foliowing value:

o, = Jol+31% o | 187k, [N/mm?]

v b

Bending stress:
10,2 M,

“
g, ¥ — [N/mm”]

D
M, = bending moement at the neck bearing in [Nm]
Torsional stress:

35.1-Q ,

T = —R IN/mm=)

D
D, = increased rudder stock diameter 1 [em]

The increased rudder stock diameter mav be deter-
mined by the foliowing formala

Qp seceBl2andB22-23

D, seel i

Cirtidance

Where a double-piston steering gear iy fitted, addi-
tonal bending moments may e transmistted from the
stecring gear info the rededer stock These additional
hending moments are to be taken into account for
determining the rudder siock diameter
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Sec

ction 4

Main Shalting

A, General
1. Scope

e following Rules apply to standard and estab-
tished types of main st halting. Novel designs require
the Society’s special approval.

In the case of ships with ice classes, ths
steengthening ﬁcLors given in Scction 13 are to be
co npllcd with, The Sociely reserves the right (o call
for propelier ~;hafl dimensions in excess of those
specified in this Section il the propeller arrangement
results in increased bending stresses.

E Documents for approval

General drawings of the entire shafting, fron: the
main engine coupling flange to the propeller and
detail drawings of the shafts, couplings and olher
component parts transmitting the propelling riyine
torque, are cach to be submitied to the Dea v 0
ieiplicate”) for approval. The drawings musl < oo
~ii the datz nacessary to cnable Gie stresses e be
evaluated.

1. Iiaterials
k. Approved materials

Proveller, intermediate and thrust shafts together
with flange and clamp couplings are 1o be mdde, of
forged stc:c:l, where aporgpriale, couplings may be
made of cast sieel. Rofied round stee! may be used
for plain, Dangeless shalts.

in geaeral, the teusile strengih of siezls used Tor
shatting shalt be between 400 N/mm? and 260
N/mm?, However, the value of Rm used for
calzulation the maiciiai factor Cw in accordance
with formela (2) for Prog seficr shafls shall not be
greater than 600 Ninm?,

Where in special cases wreught copper mazs
resistant to seawater are (o be used for the shaltuing.
the consent of BRI shall be obtained.

Z, Testing of materials

Al component parts of the shalting which agsistin
wansmitting the torque {rom the shie's propulsion

i
} For ships fving tadonesizn fag in quadniphicne, ons o

which fnreesdod fr s Indangtan Gavermment

plant seo . AR
and must bBe fegled nn oo o vers
metal pronelie . _ s
TURR O 81w . : L Do

penetralion to by st e e Ty st il
ings, the ceating lwn.'nqnu i )cd must hc. np,;m%d
by the Society.

C. Shaflt Dimenstons
1. General

Al parts of the chefs e o Arpeationsd 1roan-
COY (!El!lCL ety Lo S “ -,',-.‘i-; R Y
with [ll(‘,lupm«,;a.un rolaning,

Soet] i atewns
set out in Section o The dhmnsions o dw shriiing

shall Do Breed s e o T ¥
Wlhiere the oo P b
By olimensn e o i e R R DR I 4

special evidence o he raenzmen strengtl of the
part or parts concerned 15 o be furmshed to the 5o-
ciely.

2. Mintmum diamcter

The minimum shaft diameter is (@ be determined by
appiying formula (1)

3 !f b
degT L - N B 0 CL o8 d,
% 4
d, i
l - I --wJ ;
A
N \ dl }
(4
d [m]  required ouiside diameter of shaft
o [mm! diameter o shalt bore, where
_—— T e e e e bt i
' S P P L

)
Po- _;J = 1.0 may be applicd

d (mm}  actual shaft diarmeter

[ (W] rated power transmitied try shail



T

RN

127

- o1 LT B sy )

[Rpmi

IN/mim?)

(-]

rated shaft speed

factor Jor the type of propulsion

Scction 4 - Main Shafting 4.2
propeller 15 sheink fawet = hout
key, on o tho govn o DL the
neopeller sheonoo o

wsiallation

Intermediate and thrust shafts

for (urbine instaliations, cngine
mstallations with slip couplings
and cleetric propulsion msabiations

=100

for all other propulsion insiallations
Propeller shalts
= 100 ] _
for all types of iiistallations
material factor
560
R_+ 163
il

Teasile  strength  of the shalt

material (see also B.1)

Facior for the type of shaft

= 1,0 for intermedinte shafts with integral

forsad couzling flanges or with
b 1 o

shrink-fitted keyless coupling flanges

=110

=1,20

=122

for intermediate shafls where the
coupling flanges are mounted oo
the ends of the shaft with the aid of
keys. At a distance of at feast 0.2 .
d from the end of the keyway, such
shafls can be reduced 10 a diameter
corresponding to k =1,0.

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

for thrust shafts near the plain
bearings on cither side or the thrust
collar, or near the axial bearings
where an antifriction bearing design
15 used.

for intermediate shafts designed
as multi-splined shafls where d is
the outside diameter of the splined
shaft. Quiside the splined section,
the shafts can be reduced 10 a
diameter corresponding to k = 1,0,

for intermediate  shafts  with
fongitudinal slots where the length
and width of the slot do not exceed
I E7 - d and 0,25 - d respectively.

for propelier shafts from the area
of the aft stemn fube or shafl bracket
bearing to the forwvard load-bearing
face of the propeller boss subject to
A ominimum of 25 - ¢ i the

approved by yne ~oziey, o i the
propeller fs ot o
forged oot = s o e
propelle o

I
Sauge

k =176 for propeller wans < Area
speaficd “ he
propeller = . ¢ o
propeller skar and e propdler
spalt runs a0, and also Tor
water-lubricated progells shafis
which are prowested aeainst the
peactralion  of  scawater o
accordanee with T80

k =140 for propelier shioas in the area
specified for ko= |22, 11 the shalt
mnside the stern tude i lubricated
with grease,

k 1,15 for provetle b 7te forward
portion of Loares e chere they
emerge s oo e phes The
nOr ' N LN
ioc
Bty b T L AT A DA W 5
line shall

D. Design

1. General -

Changes in diameter arc to be effected by tapering
or ample radiusing. For intermediate shalts, the ra-
dius at forged flanges is (o be at least 0,08 -d, that at
the ait propelicr shaft Mange at least 0,125 -d.

Z Skaft 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 o pradual transition to the G shaft section,
In addition, the forward ead of the ko yvars should be

spoen-shaped, The e .o oo nt the
surface of the shaft iy b CoL T

be sharp. The forward i ot hie payveay must He
well within the seating of the propeller boss.
Threaded holes to accommodate the sceuring screws
for prapeller keys should be tncated only in the aft
half or the keyway (sce Flo 40

[n general, tapers for secui:agy lzege couplings
should have a conicity of between 10 10 and 12 20, In
the case of shaft tapers for propelless, the conicity
must be between LT and 100 Whee the ail in-

Jection method is vsed o tuoei o popedler anots

i
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Section 18

Equipment

A General

b The equipment of anchors. chain cables,
wires and ropes is o be determined from Table 18.2
in accordance with the equipment numeral Z.

Guidance

I8 The anchorng equipment required by this
S({crfon is intended of temporary mooring of a vessel
within a harbour or sheliered arca when the vessel
is awaiting berth, tide, efc.

2. The equipment is, iherefore, not designed (o
hold a ship off fully exposed coasts in rough weather
or to stop a ship which is moving or drifting. In (his
condition the loads on the anchoring equipment
increase (o such a degree that its components may
be damaged or lost owing to the high energy forces
generated, particularly in large ships.

3. The anchoring equipment required by this
Section is designed 0 hold a ship in good holding
ground in conditions such as to at dragging of the
anchor. In poor holding ground the holding power
of the anchors will be significantly reduced.

4. The cquipment mumeral formula for an-
choring.equipment reguired under this Section is
based on an assumed current speed of 2,5 m/sec,
wind speed of 25 misec and a scope of chain cable
between 6 and 10, the scope being the ratio hetween
length of chain pard out and swater aepth.

b3 It is assumed that under normal circum-
stances a ship will use only one bow anchor and
chain cable at a time.

2. Evenv ship is to be equipped with at teast one
anchor windlass,

Windlass and chain stopper, if fitted, arc to comply
with Valume I Section 14, 1D

For the substructurcs of windlasses and chain stop-
pers, see Section 10, B.3.

For the loeation of windlasses on tankers, see Section
24, A9,

3. For ships having the navigation notation
“L" (Small Coasting Service) affixed to their char-
acter of classification, the cquipment may be de-
termined.as for one numeral range tower than required
in accordance with the equipment numeral Z.

e

4. When determining the equipment for ships
having the navigation notation "T" (Shallow Waler
Service) affixed to Lheir character of classification, the
provisions of Section 30, E, arc to be observed.

5. When deiermining the equipment for lugs,
Section 27, G. 15 Lo be observed.

Whea determining the equipment for fishing vessels,
Scetion 28, D.8. is to be observed.

When determining the equipment of barges and
pontoens, Scetion 31, G. is to be observed.

6. Ships build under survey of BKI and which
are 1o have the mark stated in their Certificate and in
the Register Book must be equipped with anchors and
chain cables complying with the Rules for Materials
and having been tested on approved machines in the
presence of Sunevor

7. For snips having three or more propellers, a

reduction of the weight of the bower anchors and the
chain cables may be considered.

1. Equipment numeral

The equipment numeral is to be calculated as fol-
fows;
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Z = D¥+2hB+ 2
10

D = moulded displaccment in [ton] {in sea waler
having a density of 1,025 Um?) to the sum-
mer load walerline

h = ecffcetive height from the summer load wa-
terline to the top of the uppermost housc

h = f, + 7, W

f, = frecboard in [m], from the summer load
waterline amidships

A = area in {m?), in profile view of the hull,

superstructures and houses, having a breadth
greater then B/4, above the summer load
waterline within the length L and up to the
height h

Th' = sum of height in (m} of superstructurcs and
deckhouses, on the centreline of cach tier
having a breadth greater than B/4, Deck
sheer, if any, 15 to be ignored. For the lowest
ticr, """ is ta be measured at centreline from
the upper deck or from a notional deck line
where there is loca discontinuity in the upper

deck.

Where a deckhouse having a breadth greater than B/4
is located above a deckhouse having a breadth of B/4
or less, the wide house is to be included and the
narrow house ignored.

Screens of bubwarks 1,5 m or morc in height are to be
regarded as parts of houses when determining h and
A, e.g. the area shown in Fig. 18.1 as A} isto be
included in A. The height of the hatch coamings and
that of any deck cargg, such as containers, may be
disregarded when determining h and A

Fig. 18.1

C. Anchors

1. Two of the ruic bower anchors are to be

connected to their chain cables and positioned on
board ready for use, Where in column 3 of table 18.2
three bower anchors are required the third anchor 1s
intended as a spare bower anchor. Installation of the
sparc bower anchor on board 1s not required. Upon
‘agreement by the owner the spare anchor may even be
dispensed with,

Guidance

National regulations concerning the provision of a
spare anchor may need (o be observed.

2. Anchors must be of approved design. The
mass of the heads of patent (ordinary slockless) an-
chors, including puns and fittings, is not to be less
than 60 pereent of the total mass of the anchor.

3. For stock anchors, the total mass of the an-
chor, including the stock, shalt comply with the valucs
in Table 18.2. The mass of the stock shall be 20
percent of this total mass.

4, The mass of each individual bower anchor
may vary by up to 7 per cent above or below the
required individual mass provided that the tolal mass
of all the bower anchors is not less than the sum of the
required individual masses. '

5. Where special anchors approved as "High
Holding Power Anchors" are used, the anchor mass
may be 75 per cent of the anchor mass as per Tabic
18.2.

"High Holding Power Anchors” are anchors which are
suitable for ship's use at any time and which do not
require prior adjustiment or special placement on the
sca bed.

For approval as a “High Helding Power Anchor”,
satisfactory lests are Lo be made on various types of
bottom and the anchor is to have a holding power at
Jeast twice that of a patent anchor ("Admiralty Stan-
dard Stockless") of the same mass. The weights of
anchors Lo be tested should be representative of the
full range of sizes intended to be manufactured. The
tests are 10 be carried oul on at least Lwo sizes of
anchors in association with the chain cables ap-
propriate to the weight. The anchors o be tested and
the standard stockless anchors should be of approx.
the same mass.

The chain length used in the tests should be approx.
6 to 10 times the depth of waler,

RTINS R L

PR
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Table 18.2 Anchor, Chain Cables and Ropes
Stowvhiess anchor Stud Tk ehunn cables 12 econmmgndad ropes T
Strea Streum wite of
MNo.. | Egquipmss 13aswer anchar ‘m“-.i.m ‘1: Pewer anchors chamn for streun Towhie ‘uuering ropes
for numeral s anchor
Reg, Z ]
Num-" Mass Total Dmn:.:h.r ir. Bir M- [ir.
i Length 1 | Length N Length 7
her por anchor fenpth taad load har foad cem
¥ 4, i, dy
kgl H [men] | (mun] [nun] H| {kN] jml [N [m] [kiv]
1 2 3 4 5 6 7 8 9 10 11 12 13 id i35 16
101 up Lo - S0 2 120 40 165 125 12,5 12,3 80 65 180 Hel K £0 15
102 S0~ H . 184 60 220 14 123 12.5 §0 65 180 100 3 RO 35
103 J0 90 2 240 80 220 16 B 14 &s 75 LRG 100 3 100 40
104 o0.  il0 2 30 | 100 2475 17,5 16 16 85 S0 150 160 k) 110 10
105 1o- 13 2 60§ 130 2475 19 17.5 175 20 90 180 100 k) 110 15
106 1a0- 150 2 az0 | 140 275 20,5 17.5 17.5 90 160 LG 104} 3 120 0
107 150- 173 2 380 | 165 275 22 19 19 90 110 180 100 1 120 55
108 175- 203 2 870 1 190 3025 24 20.5 20.5 50 120 R3] 110 3 120 60
109 205 - 240 1 (GO 302.5 26 22 20,5 1R} 130 4 120 [
110 240 - 280 3 780 3130 28 24 22 180 150 4 120 i)
111 280- 320 3 200 3575 a0 26 24 120 175 4 140 8¢
112 126- 360 k] 1020 357.5 32 28 24 180 200 4 140 &3
113 60 - 400G 3 1140 RS 34 3¢ 26 180 225 4 140 95
114 400 - 450 ki 1294 385 36 32 28 180 250 4 140 100
115 450 - 500 k| 1440 412,53 38 34 a0 180 275 4 140 il0
L6 sg0 - 350 3 1590 412.5 40 4 30 190 G5 d 160 120
147 §50 - 6U0 3 17440 440 42 36 i1 199 240 4 160 130
118 GOO T 660 3 1920 440 4 B 34 190 370 4 1680 145
119 660 - 720 3 2100 L) 46 40 k1 190 S 4 160 160
120 720- 780 3 2280 467.5 48 42 36 190 540 4 170 170
1213 7RO - R0 3 2360 467.3 50 44 38 190 4840 4 170 185
112 840 - 910 k) 2640 45875 52 46 40 190 520 1 170 200
123 g10- 980 3 285D 495 54 48 42 190 560 4 }70 215
124 980 - 1060 3 3060 495 56 50 44 200 600 4 180 230
123 1060 - 1140 3 3300 495 8 50 40 200 645 4 180 250
§26 | 1140~ 1220 k! RKIRELS! 522.5 G0 32 46 200 (90 4 180 270
127 { 1220013040 3 A7N0 5225 G2 54 48 200 740 4 180 283
{28 | 1300 1390 3 305G 5225 64 56 50 200 TRY 4 180 305
129 | 1390 - 1480 k) 4300 550 66 58 S0 200 213 4 VRO 325
110 | 1480 - 13570 3 ERVD] 550 Gf 60 52 220 294 b 190 325
a1 {186 1670 dem 5550 L e | -8 80— T JREYS, SR PR T PR SRS UG5 1/ OV N B [ B B 80338 s
132 1 1670 §79G 3 250 577.5 73 64 56 220 1025 5 190 350
1A3 | 1790« 1920 3 610 577,35 76 (44 58 220 1110 5 190 375
133 | 1930~ 2080 ki el 5773 78 68 GO 220 Y170 A 190 400
135 | 2080 2230 3 cir0 605 a1 ¢ 62 2440 1260 5 200 425
136 | 2236 2380 3 #9904 [N 4 73 4 240 1458 5 200 450
137 ] 2380 2330 3 T3 605 87 76 GO 240 14585 B 200 480
138 | 2530. 2700 3 F&00 612.5 90 78 L 2640 1470 G 200 480
119 | 2700 - 287U ki R3u 6325 92 81 70 260 1470 4 00 490
139 | 2870 - 3040 k! ST 6125 95 R4 73 260 1470 6 260 00
f41 ] 3040 2210 3 Y e 660 57 24 76 280 170 6 200 520
142 b Ano- 340 3 P} 660 100 17 %8 180 V170 [ 206 555
193 | 3ang- 3600 1 10500 G60 102 9ii A TR0 1470 3 200 590
j4d 1640 - DHOD 3 11100 G875 105 92 8] 300 1470 [ 00 420
145§ AR00 - S600 3 P1Tun 687.8 | 107 9% B8] A 1170 6 200 650
146 S000 - 4200 1 123 [ [BR br % o 1476 7 200 6an
§47 | 42060 3400 3 IBRD 735 14 140 87 30 1470 7 pilt) Hot
148 ] 4400 - 600 3 13500 718 117 12 uh) At 1470 7 200 G0
149 | aeon - 4800 3 paian s 120 145 Yl aon 147H) 7 200 680
150 4RO - Sudu i {4708 7428 122 107 95 ke 1470 3 200 hES
151 S000 - 06 A 184810 42,5 | 124 Pl 9% A0 1470 kS 240 [N
152 s200 - 5800 3 [ RS RR 7425 y27 ISR 3 RitH 1474 X 200 [
153 | $5p0- SROO 3 LA5B) 742,5 [ 130 i1 100 RN R b 706 708
154 ] sx00 - 6100 1 1784 7425 132 117 102 nn 1470 9 200 3
j85 | 6100 - G500 3 P RRY 7025 120 1417 RisH] 1470 G 20 715
156 | 6500 - 6200 3 20N 770 [ 11 Aun 1170 9 0u 725
1587 6o00 . 700 1 I8 770 127 114 304 1470 10 200 728
158 7300 - 7900 3 25010 770 132 117 100 P17 14 200 72"
159 FOU0 - K00 A 23800 770 P47 122 Vo j0 il 2ty s
160 2400 - B0 3 26008 770 142 137 k1t 1470 12 200 ERE]
161 [o00 - 9900 1 17400 170 147 1Az aon 1M 13 2410 738
162 0400 - 10000 L} I3 770 1582 112 RIS 1170 ] 2040 7A5
163 10000 - 1700 3 11001 770 117 k143 1470 15 2 R
164 HG700 -1 15010 A] A0 770 142 R1n0] 1373 16 200 FAR)
165 |L1S00 - 12400 k! ALEGD 770 1.7 hiéit Y470 17 208 715
166 {12400 - 1300 3 ANSGO T 181 M 1470 1§ 200 ERN]
167 !340?’» lgoﬂn 1 42#(13(1 770 187 aun 1170 19 210 735
168 14600~ 16000 R 46600 TH) G2 k188 {470 2 3 a5
6 ! 3 i 1 0 7
d) - Chain diameler Grade [ (Ondinary quality) : we O
dy = Chan dameter CGirade K 2 {Special yuainy) Seeabw ) M wee V1.2
d, = Chain diameter Grade K3 (Extra speeial gually)
e
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1. Starting with compressed air

2.1 Main engines which are started with com-

pressed air are © be equipped with at [cast two

glarting air compressars. At least one of the air
compressors must be diiven independently of the
main engine and must supply at least 50 % of the
lotal capacity required.

2.2 The total capaciiy of the starting arr com-
pressors is 1o be such that the starling air receivers
designed i accordance with 2.4 or 2.5, as
applicable, can be charged  from atmospheric
pressurc (o their final pressure within one hous.

Normally, compressors of cqual capacity arc Lo be
instalied.

This does not apply 10 an emergency air COMpPressor
which may be provided o meet the requirement
stated in M1,

2.3 If the main engine is started with com-
pressed air, the available starting air is 10 be divided
between at least two starting air receivers of ap-
proximately equal size which can be used
independently of each other.

2.4 The total capaciiy of 2ir receivers is o be
sufficient 10 provide, without their being
replenished, not less than 12 conscculive starls
alternating between Abead and Astern of each main
eraine of the reversible type, and not fess thai §iX
starts of cach main non-reversible type cngine
connected 1o a controllable pitci: propeller or other
device enabling the start withoul opposiic (orque.
The number of starts refars 10 an engine in coid anc
ready-to-start candition,

It

) With multi-enging instatlations the number
cf start up cperaticas ner enging may, with the Soci-
eiy's agreement, be reduced accarding te the type ef
installaiion and the way in which the power is (rans-
mitted 1o the propzller,

2.6 [f sidriing air sysiemns {or auxiliarics or fer
stppiying preumaticaily operated regulating and
manocuvering cquipment or tyfon units are (o be fed
from the main starting air receivers, due aticntion 1s
fobe paid to tha air camsumption of s equirment
wher caizulating the eapactiy of the main slariing
air recsivers,

13 Other consuniers with a high air consump-

tion apart from those mentioned in 2.6 may not be
connected 10 the main starting air system. Separatce
air supplies are fo be provided for thess nnis.
Deviations o this require the agreement ol (he
Socicly.

2.8 For the approximale calewdation of the
starling air storage capacicy, use may be made of the
formulae given in Part C of the appeodix to tus
sechion,

3. Llectrical starting equipment
3.1 Where main engines are started clectrically,

fwo mutually independent starter batterics are to be
instatled. The batterics arc to be so arranged that
they canaot be connected i paralie! with-each other
ach battery must enable the main engine o he
started rom cold.

The total capacity ol the starter batteries must be
suificient far the execution within 30 minutes, with-
oul recharging the batterics, of the same numbe:
start-up operations as 15 preseribed m L2 o
11.2.5, as appropriable, for starting with compressed
alr.

32 Il two or more auxiliary engines are started
clectrically, at least two mutually independent
balteries are to be provided. Where starter batteries
for the main cngine are fitted, the use of these
batteries is acceptable,

The capacity of the batieries must be sufficient for
al least three slart-up operations per engine.

[[ only onc of the auxiliary engines is siarted
clectrically, onc battery is sulficient.

33 The starter balterics may only be used for
starting (and preheating where applicable) aid far
monitoring equipment belonging to the engin.:

24 Steps are to be takeu 1o ensure thal the
balterics are kept charged and the charge fevel s
monilored.

4. Start-up ol cricrgency generating sets
4.1 Cmergency generating sete arc to be so de-

signed that they can be started up readify even ata
temperature of § °C.

if ihe set can be started oaly at higher temperaturces,
or where there is a possibility that lower ambient
temparatures may accur, heating equipmentis 1o be
fitted o ensure reudy reliable starting.

The operational readiness of the sctmust be gua-
ranteed usider aii weather and seaway conditions
Fire tlaps required in air inlet and outlet opeaings
must only be closed in case of fire and are to be kept
open at all other tinies. Warning signs to this effect
are 1o be applicd. I{ the {laps close, an alarm must be
activated, Mo alapn s regeieed i the Caae of
avtomaltic fire tlap actuation dependent o
operation of the set. Air inlet and cutlet vpeirs -
must net-be fitted with weathzrproofl covers.

the

4.2 Each emergency gencrating sci requirsd io
he capabic of automalic starting 1§ 10 be cquipped
with an automatic starting system approved by the
Socicty. the capacily of which is sufficieat for al
fcast three successive siarts (see Volume [V, Rules
for Glectrical Installation, Section 3, C).

In addition, a second engroy source 15 10 be misialied
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Appeorttiy g Yroting 2

Part C:
Approxtmate Caleulation of the Starting Air
Supply

1. Starting air for instailafions with re-
versible engines

Assuming an initial pressure of 30 bar and a final
pressure of 9 bar in the starting air receivers, the
preliminary caleulation of the starting air supply lor
a reversible main engine may be performed as
follows:

 —

j::".J%o(l‘b‘]“_<'“A‘no‘g)-vh‘c

where (i3}

J fdm’] total capacity of the stasting air
reCceIvers

D [mm] eylinder borc

I fmm] stroke

W, [dm?] swept volume of one cylinder (in

the case of double-zcting engines,
the swept volume of the upper
])O}:[ion of the cvlinder)

Pevem  (bur] maximum  permissible  working
presenre of the stanting adr 1eceiver

aumber of eylinders

~
—
]
[a—

P, fbharl  mean cffective working pressuce i
svlinder at rated power

The fellowing values of "a™ arc to be vsed:

- for cweennt Denoer s 0 AT

.
- s
The followren o0 0 o et
- ' ol

- for four-stroke engines: b = 0,056

The following values of "¢" are to be used:

_— Jyere 17 =
c=1,where I, ... =

.11 - 005 1, * p, 3
-c

FIFITES

i

WhHErS P oo
1o 1ited.

# 30 bar, if no pressure-reducing valve

Py

0 Ruisds auashe £
2 1 Relsds aunibe (2
o ted, which reduces

(L ST

£ a pressurc-reducmg vaiyve
Che oaarnrs RS A L O S LI SC R

I SO AR LS T E O L L N S

The fellowing values of o, arc 1o be applied:
n, = 008 -t where n, = 1000
n,=025+n,-176 where n, > 1000

sl [(Rpm] = rated spoed

4]
2. Starting air for installations withh noen
reversitle cugines

For each non-reversible main engisie driving a con-

roltable piteh propelier or where starting without
torque resistance 1s possitie the caleulated starting
arr supply may be reduced to 6,5 . T though not less
than that needed for six start-up opevations.
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Scction 11

- Pipes, Fittings and Pumps

A combination of a non-retrn valve withoul
ol aechanism and a shut-off vaive may be

sqived as squivalearwith - he Society's approval,
Pipe conneciions

Ta prevent the penctration of ballast and

co- into the ship through the bilge sysiem, Lwo

NDESC- TN | arotection are 1o ko faisd

,‘3{’.-

connectons, one of vohich 1s 1o be a nerew-

PRRIS AN HED valve.

J* such means of protection 5 10 be fitied

S0

« uction line.

conncctions ouiside machmcy
oo a combinat Hhout
i and a remcte-controlled shut-oll valve may

. For bilge
EOH Cfﬂ o non-relurn ‘.'E!]‘-‘L‘ N

eovnized as cauivalent,

o The direct biige suction and the emergency
o need only have one means of reverse-How
ection as specified in 151,

‘4 Where o direct scawater conheciion is
Camed for attacheo bilge pumps o proteet them
st running dry, the oiige suction are also 1o be

sed with two SCros-gown non-relurn valves.

T

The dis
1o be fitted with 2 noa-return valve at the ship's

charge lines of oily water separators

Calculation of pipe dixmeters

o The calculated values according to formulac
Yo (6) are to be rounded up tc the next hugher
winal diameter.

.- Dy cargo and passenger ships
H main bilge pipes
F168 - (B ) - Lo

25 [mm] (-1}

i

+ 25 [mm]} {

(mim]  caleulated inside diameter of mam

bilge pipe

[mm] cateulated instle

branch bifge pipe

of

perpendiculars

ship between

[}

length

dinmeter of

11-29
13 [m} ol 20
il [m] e TSN RS
! [m] lengih of the walerlighil

compartment

) Taniers
The doaeoler of the maln nifoe mne o ihs Tppang
pagrma af o Lo el

culmod using we o

R [putai - .

G, ¢ 3.0+ 0T T 35 ) (6)

WIHeres

4 (m} towmt iensth of spacer behween
it A R T
il s wning Shis e Al

Ortyer terms as in formulaz {(4) and (5}

Sranen bilpe apes e paansionesd N

accordance vwitd, T T T O T
spaces i the . o ankers wnd buls
cargofodl carricrs s I IRTI N

ATITEIT i e

The mside diameler ¢ 1 branen asige
15 not o be less than

tenath, the diameter may be reduced 1o A0 mm.

BANS Y {le,:’i

:10 e For ships undaer 25 m

2.5 Maximum dinmeter

The (i:;unclcr oi' the mamn bx!gc line caleulated

according 10 2.2 a) need not exceed MDD 200
2.6 Deviations
Where in individual cases formula (5) requires a

greater bilge pipe drameter ihan that determined by
formula (4), a wpreater pipe diameter than that

secarding Lo formula (4) 13 not necessary.

g

3 Jilee pumps

Al Capacity of bilze pumps

Pach hilee puave s e ganle ol delivenng:

O ¢ 5.75 - 10 (7)
whaere:

Q [y Lae L omuns capacily

d,, [mm] calculated inside diameter of main

bilye pipg
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Head Total Pompa

Head toial pompa yang harus disediakan untuk mengalivkan fualah ale copert
direnconakan, dapat ditentukan darl kondigl instalasg yang akan dilayani eleh pompa
Seperti diperlihatkan dalam Gb. 2.2, head totni pompn dapat diatey selbuaeat bBeribute

P T v} '
Vi e .‘j./.",, - ey o : (2.6
i =i p
S S —
gi many A Head@al pompa (in)
hign Head staiis wotal (m)
Hlead ini adalah perbedann tnggi antare muka aic g siv i s o :

isap; tanda positip (4] dipakai spabila muks air ¢ st he T fcbih tiyrm
dari pada sist isap.
A Perbedasn head tekanan yang bekeria pada kedus permukann air (m3},

.
A= b, ~ B

10 Becbapai kecugizn head di pipa, katup, beiotan, samhengan, dll (m),



E

a5 2 Gpustihen

dromana g Head iekanan (m)
“pi Tekanan (Raffom®)

yo Beral per saluan volume zal car vang dipomga )

Anadi tehanan diberikan dalun kPa, Jaeat dipakoi romne e ug
(Y .
b= Ll (2.9
"7 95 p
- . -
di maea o' Tekanan (Pa)
oo Rapat masa (kgffh)

tepurat 1SO; enerpt spesiil ¥ (37 k;ln!:li!-’j-':;i'd"*l" dipakian sebooosi penggand

head M {m). adapen hubengannya adalnh sebegn berthar
Y = J',(f F I . (' (j‘”)j

Sebagaimana divinrakos di atas, unter menenieian hesd joud Jang hares discdin-
Yun pompa, periu dihitung lebib dahs lu Bead Kerugion 4, P30 bawads i akan divsmkan
cara menghitury kervzian head tercout.

2.4.2

Picud herugian (vaitw head wpiek sienpooas) Beree e 0 oo Vet S
Lorugian gesek di didom pipa-pmpe, dan head Rerspoe o 0 0t R
vedeser, katen-katup, dsb, DI Lawalo ! afan dibeshas v ne o, 0
satu,

(1) diead kerugin gesek daluan pips

Uintuk menghitung Roruguny pesek G dalaos pipn dasat dipaesr sadah sonu danc dua
rumus berikut ing:

(2.i13
(2

i ;
ar mana v Kecepatan rata-rata aliven ds dalam nipa (imfs

C,p, g Koedtsien-koclisien

Ao Jari-jart hidirolik {m)
i Luasg penamipang pipy, teaak furos aliran (")
v o= ’ e e
Kelifing pipa atuan saturon yeng dibasabi (1)
51 Gradisn hidrolik
S
L
b Head keragion geseh daine i (m)
i Yoe ﬁ:» en kerupgin gesck
a1 Pereepatan pravitasi {95 myjs)
L fog mipn {m)
L Diameier dadam proa (i}

Scelanjuinya, tntuk aliren yang biminee dan yang turbulen, terdapal ramus yang
berbeda. Sebagai patekan apakab suatu alivna o lsdner ot turbulen, dipans
bilangan Reynoids: :

e
Re o= o 21
v 8 ’
T T S e e SR R A O o 30 e s

RTINS e

——TE
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di mann Ke: Hilangan Reyoolds {1ak Lerdimens:)

e Kecepatan rata-rata alivan di datam pipa (ms)
17 Dinmeter dalam pipa (m)
A skositas Binemank zat e {1443
Poda e o< 2300, alivan bersifad lannne:
Mada Re > A0, aliran bersifat turbulen,
Puds e = 23000 4000 werdupat T ETERN R RIS DA TR R
aliran dapat bersifut laminer sivs oo .
(1) Aliran lamiecr
Phdom ol aliran Luniner, Foelision hetoein gesck neind

A

pipa L) dalam pars, (2.12%
dapai dinyalakan cengad

6 . 7
T Re (2.4

e
—

(i) Adiran torbulen
Uatelk menghitung Rerugan pusch dafrin papa peeen s iLrhinrn v
D5 brewen s oi akan diburikan cari perhitungin Li(.l\ Wil rumus

u REERY
Derbanai rumts ¢mpios,
Darey dan Hazen-Willivns,
1y uronde Darcy

Dengin care Darcy, kouligion s o ; i
LIS

. 0 KK )

)= 0,020 4 S {(2.15)

H N

cr

re IY adulah diamoter dalas e

hesi cor, Jika pipa telal dipskad schuona lmnuhun\ B, Goldd oo kel EELD§D

Diemeies pupd (nual

n 60;‘5‘ 2 "\:{\‘(\_; .5?':"-'4.”"’ £ &2 s

40 et -
1% 1 : I'! : i¥| f,‘,,":'r‘f{;”_/ N

RPN — ii“]_ '{fif'i.l}? o W.JZ o
IR =
Sol= 4 =i e
M Sl I it ll /{/l £A8=" .“"-/(--

M-l“‘ t 1; i ’V,z_;!’/}//f : it
Y ';"f'/ 4 Vi,
a1 Y

-~ I -

Leaiptan alvan (m/s)

1.

! CpE
A
i

" -1
{

' !

focrugnen he et csRl paleand oo L

GY. 2.4 Weruvian gesek pada pipu lerus
rumus Daiey)
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meneniukan secara iepit sengarah masineemasig Sikor teneod

dincinag, JH Namun,
adataly snapat selit. Karena itu Sihtor-falior el gigabuagkan dslas elisizan adiabany
Lesclurohes

snerul por } tunin chmlzs) {lu) 1;;& duw,m
...-:Tx_-'n_r\...or g porasnyi S

Bt keseluruhan didefinisikan sebeond day: yan di r‘:.'rlunn Bnluk

F!"ﬁ:cn\‘i adint

,.LrIL-!;;m alels

sdtayit dinyatahan dufam

Vissenst adiabatih hesekurehan (b

i mand T

fougt v aoabr R wortts (1)
o avn yang nsok pada poros komprasar (KWL

l>-.mm\.-. v o inhaik ieorin's dupal dihituny denann rumus

Vi P I (Sl B FEIEY
i _I( A e O
R/ J

Lo = 77277 §190

Jo: Tekanan isep tingkat pectams (Kglfm? abs)

# o Tekanan keluar dagi lil!!:.Ll"l wrakhiz (el abs)
(. Juminh volume gus war 5 Leluwr dasi tngkat terakhir (ac o) dinyatsto

pucde kandisi wwkan dan (€

A (';,/c‘,, /
ar: Jumdnd tngkat kempeesi; lhat Reicran s Pers, (2.16).

an Poomaka Pers, (2.21) ditulis sehin

Jit dalam romus dip;x'.-::'.i S0 2

Lo = T SO\,

mhk PO /PN T : W) T
w0 TR G000 A S

_
-harga dayn adiabatik teoritis yeng diperiubus
idara dengun kondisi standar sebagal husil pei

Bitengan berdasarian rumus di atas, Dari tabel teriihat bahwa diya yaog diperiuka
untuk koimpresi 2 tingkal harganyi !:.b..) Rect] dord padi komprest [ tingxat. Harga \.’.::::
lebih rendah inl dipereleh pada hompresor 2 tinghat yang menggunakan nendinginant:

fiater-cooler) i antara tinghat pertema dan tinghat xe dua, Penggunaan pead
antarn akan memperkecil keria kompresi. Jika tiduk digunakan pe dipnn anigry, maks
dayn yang diperivian mnek Kony 2 alnh sama busienys deagan dagn

;5002 tingkatr ad
untuk 1 tingkag, pada perbandinggiy iekanan yang sima

Sebugai contal, duri Tl 2.7 terhaca hahewa untuk Rompreat dinghat s
AT

7okeffom® (o) atan 5,033 helfom® abs, diperfukan daya ;cbc:»::r 47070 KW B dipaesoich
dari Pers, (2,217 deigan muug:\:n.)il Bavgn & s 1ol dan o = L Daya sebesee 5, 7070 35
terschut juga aban diperlukan untuk kompresi 2 tingkat pa pendiagin aniva, N
jika digunakan pendingin anterz maka days yang dipedakan meajudi sebosar 4 7
CHargn ind dapat dipereleh dord Pers, {2.200) Jikn dumbd A os L i

Selanjutnys elisienst adizbuliy Reseluruhan dapat dhihitung menural contoll Tabaes

berikut, Seandainya untuk scburh kompressor 2 singhal yang momampatkis uda

mesiiedi 7T Eelen? () diperlukan duya poros sehesar 300 KW maka denesn dagi adias
] 2t X I H ' L 2
t clsienst adiabands Bescluruban

Dutam Tabel 2.7 diberikan harg:
1 o a -
untuk mengkompresihan L m=/min g

batik teorivs sebesar 3022 BV, Lomnresi inl mempuniy
’ ' | ;
sebesir
[,“_, 01... \\V

Ji“‘{::ﬂfjﬁ 5 T m 745 = 74,59

SO T,

Ademauney

S A AIIID U S L AR TRA, B e Sl S | im e e e Y i L T

Bt gy il i can e

CUMEN

1A TLAlE T

LRI

3y

SRRV b B LA MO LA KL T ML T I T L ST

TR TR e P

4
¥
'.

"




tumus yang sederhana dan pralitis untuk peren-
canaan baling-haling adalah

Rumus TAYLOR

Untult Wake fraction : Kapal berbalingl tunggax;
w o= ~-0Q,05 + G,5 <y
Rapal berbaling?2 ganda;
55

w o= -0,20 + 0,55 Cb

Untuk Thrusi deduciion factor

Rapal Lboarbalingz tunggel: Lo,

2
Hapal verbaling? nda f.

v

oo
dimana hargoa K adalan sebagai Lerilit

- 2,70

Cﬂ

Streamline rudder K o« D

Mudder tipils ko= 0,30
Rudder tebazl £ o= 0,70

ntuk menghitung harga walke yang lebdibh Lelitd
adaiain memakal diagram yvang dibuatl olenh Moarvald
thuk dapat mermoual dlamran cersebut Harvald Lc"ah
rengrunakan 200 wmodel Kapal untull peraobazaZ-nys di
Ld?ng perzobaan dinegeri Delanda. Adaes o amvoen
vang Lo pililhh untuk nenentulkkan besarnva ariran wake
wdalal

i

Block coefficient C

- ntu” darl penampang—Peatan w2 ll iy,
kanal bagilan belaltani.

- Silamcler baling-baling D.

Panjang Hapal L odan harga perbandingan
/L.

g W

wie dari Jdaun baling-baling dan colah
wntara valing-baling dengan stern frame.

|
—

oS}

Block cocefli. C mempunyal pengeruir kepada ali-
Tan walte. Percobaan Harvald memalkal moael kapal yvg.
pmempunyal beban indentilt fLetapi diadakan beberana pe-
ruvzhban-perubahan pada bagian muika badan kapal.

Ternyata bagian muha badan Kapal juza mespunyval

pengarun lerhadap besarnva alivan walke. Dari nercobaan
lnw dapaliah dike'nhui Dahwa narga v tidalk hanyn dipe-
ngaruhiocleh € badan Kanal bagian belakang, tetapi
oien Cb dari hbgcluruh1r badan kapal.

Adapun coefficicent prismatic Cp Lidak dipalkai
sebagal salan salu pacamcter berhu- ¥ bung vercobaan

- 99 -
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Englne mode!
I',rm;m’ T Vedicsl water-colzg 4-cycle dmsglﬂgn.}.ne
frl—u' M cyfilxrlu;; _ |
i Cylnder bote X sloke min Cig
1T‘(5I-Ji mispiacement t ’ .
;Coulmuous tated ouwf:l (;\gj [323] ; (g%) {ggé) (ggg]
e speed qpm | 720 | 759 720 | 750 | 900 1200 1200
| S i
et e eliective pressuie (kg:f’::\’)[:f?g) {:a?gg) (1'87,33,{{{;?”};,‘_52) (:'2!.?2; (:332§)
Generalor capacity Kw 280 4380 100 450 0
Combustion sysﬁz-m ' !
Staning system ’ o
Overall lengih - mm , :
External -
dimensions Overaliwidth ~ mm i
I {Dverali helght  mm i )
Dty walghl kg ; 5600 L .,
o T T '""'5"“_‘-;" T Il;u_;x_n‘a.u:-:‘é-r_y:;&u';r:-é‘;‘siliés;eu:@;\a;,&nsn- ApeClEauont and alksCned IC:U"\W&!I
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