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I. FISHING CEAR AND METHOD

1 . 1 .  B a s i c  F i s h i n g  G e a r  T e c h n o l o g y .

l . l . l .  T w i n e  a n d  r o p e  c o n s t r u c t i o n .

Consldering thelr  construct ion, tnines and ropes ale classi f led
i n t o  t u o  m a j o r  c a t e g o r l e s ,  v i z . ,  ( 1 )  t u i s t e d  a n d  ( 2 )  b r a i d e d .  T h e  f i r s r
sroup is subdivided into textile ( incfraGtt'.,o s t rand;4--iI;ee stranded,
four stranded, three-by-three stranded and lg! !ggl)  and wire ( including
f lexible and non-f lexible).  The second group is subdivlded inro crossins-
laid and tube-6haped.

Most twines and ropes belong to the twisted var iery,  and are composed
of a certaln nunb€r of thleads or strands twisted together,  each thr€ad or
strand being conposed of the or lglnal  f lbers. Bralded twines are fabi lcated
by plai t lng several  thr€ads or strands.

Referr ing to the number of strands used co form a completed twlne
or rope, the tef ins of t \ ro,  thtee and four stranded twlne or rope are used,
1n naking the three-by-three stranded, thre€ smal ler Lhree stranded t \r lnes
or ropes are twisted together to nake a larger three-stranded one. Compound
twist is made up of text i le f ibre and wlre. Wire r :ope manufactur ing le
basical ly the sane as the compound rope, except that i t  Is i iede alnost vhol ly
o f  w l r e .

Crossing-laid braided twines or iopes are produced by iDterweaving
t lro or four strands al ternat ively,  and tube-shaped braided ts nade by
knit t ing logether several  strands into a tube-shaped t \r ine whose centre
space is sonret lmes packed ful1 of bundled f ibres l ike a compound rope.

Most tnisted nett ing twines and ropes ar€ Ehree stranded. Usua11y,
the direct lons of t r ' ists ins€rted into strand and tr ine are contrary to
each other.  The direct lof l  of  tnist  in twlne o! rope is comonly c1ock". tse,
and is ca1led Z-t l r ls l .  Contrary to rhis rhat of  ant i -c loknlse is cal led
S  - t w i s t .

1 .  1 . 2  .  T \ r i n e  o r  r o p €  s i z e .

The size of f ine t \ r ine as
o r  y a r n  u s e d  r n  n a k i n S  u P  a  t n i n e
e . g . ,  1 2 O D / 5 / 3 .  T h e  f i r s t  p a r t  o f
yarn slze. the fol lordlng f lgures
5 yarns per strand and 3 stradded
either by the weight per length or
a t l o n s  o f  y a r n  s i z e  a r e  l i s r e d  a s

lndicated by the combinat ion of the size
and the designatton of t l r ine consttuct ion,

the specif icat lon 120D, signi f ies the
5 / 3  s h o w s  t h e  t w i n e  c o n s t r u c C i o n ,  t h a t  i s ,
construct ion. The yarn size is lndicated

the length per weight.  The nain design-
fol lo ids:



cotton, syntheti.c Ensllsh (s, is, /s lgl$_lSL..:! !  /  840
sPun yarn cotton Nec)

number

Material  System Designat ion Measurernent

Flax, henp, remie, Enslish (Nel) l3I!9lS:_1! / :oo
e tc ,  I  i n€n

number

Silk,  cont inuous Denler (D, d, Td) 9000 /  ggjSalg:
ftlament synthetlc number gram
yarn

A l l Tex

The relat lons among the deslgnal lons of yarn slze are rsther
compl icated. Denot ing the Engl ish cotton nunber,  lhe Engl ish l inen number,
the deni€r nunber and the Tex nunber by X, '  X' ,  X. and X, respect lvely,  l te
h a v e  t h e  f o l l  o w i n g  r e l a r i o n s :

,, 1
( 5 . 9 / X - )  x  1 0 -  =  ( r . 6 s l x - )  x  l 0 -  =  0 . 1 1 .  x ^  =  x .

2 . 8  X r  =  X 2

Sonetf tnes. a convenient indicat ion fo!  twlne size auch aE No.15 or
l f  15 is used among f ishetneB. This lnpl tes that 210 denier yarn is used,
t . e . , 2 l 0 D / 5 / 3 ,  i f  t h e  t w i n €  i s  t h r e €  s t r a n d e d .

The slze of heavy twine is usual ly shown by ei ther the nelght per
length or the length per \reight of  the conpleted twin€. The designat ions
for the size of heevy t \ r ine are sumnarlzed below:

Mater lal  Systen DesigtEt ion Measurement

(1ex) 1000 / g9.l!gt_pgl
.E:3E

A l l Engl ish (Yds) Yards per lb

A11 Japanese (M) 5 /  feet per

A11 Resultant (R Tex)
Tex

1000 / 4S!SI_19:
€!3s

Note: on€ fMonrnerr is equal to 3.75 grems.



of the rope, and
thls meeaurement

slze ls Bhorn by e{ther the dianeter or the clrcumference
such valuea are expres€ted in nl l l ineters or lnches. Becsuse
13 very dlsl inct,  confusion n€ver occurs ln u6e.

1.1.3. !9LIEg.

A rlesh is a rhomblc openlng enclosed by four bars of tnlne of equal
length f t rmly knotted at the four cornerg. Each corner is cal1ed e "knotn.
There are meny di f ferent types of knots used io net construct lon, Webbing
is divtded into two najor groups, 1.e.,  (1) knotted and (2) kni t ted or
kngt les:.  The f i rst  group ts subdlvided tnto-f f-eer bend, doubT IEEI bena
and reef knotted. The second group te subatvtaea inro tnolTes-i-(iiETiETff
st faight type, .z igzeg type.and torroige type),  nfnnon (f ; f i4:Gg ordinary rype,
lwined type and !g9t_!J!9) and russel.

Usual ly the edge with cu! meshes of \ rebblng is ca11ed ' i l€ngth" whi le
that t ' i th clear l  meshes is cal led rrdeplhrr.  pu11it lg lengthlr tse l i tnEens
the knots of l rebbing, and is ca11ed a pul l  r ' l r t th the knors' , .  A pult  depth-
wise, cel led a pul l  rragains! lhe knots, i ,  tendE to loosen the knors.

the edge along the lengrh of $ebbing usualty has a double twtne
for the outside one t ier or round of hal f  neshes. this forns lhe edge and
is cal led a ' rdouble selvedge'r .  Occasional ly double twine is used in making
each whole mesh at the edge of the eebbing. In this case, the selvedge ls
c a l l e d  a r r d o u b l e  m e s h  s e l v e d g e r r .  N o  s e l v e d g e  i s  s o n e t i m e s  c a 1 1 e d  a  " s l n g l e
selvedge", lhe purpose of Dakir tg a selvedge ts to reinforce the l rebbing t tsel f .

Webbing size is sho!. 'n by rhe depth and the tengrh. The depth of
\rebbing ls indicated by ei ther (a) the number of meshes or (b) the nunber
of rows. The length of webblng is shown by el ther (a) the nunber of meshes,
or (b) the length in meteis,  feet,  yards or fathoms. In the letEer case
it  ls understood lhat the length ts to be ueasured by ful ly stretching the
net lengthnise.

1 -  1 . 4  -  M e s h  s i z e .

There are nany
a l ist  of  the nethods

Sys tem

meihods of meesuring
used to lndlcete mesh

Local l ty used

nesh slzes. The fol lowlng is
s l z € .

S t r e t c h e d

Square or Bar

Pasada

omfar

Internat lonal

Some European

Spain, Portugal

Norway, Sueden

Ledgth of E1ro bars

Length of one ber

Ilesh nuldber pe! 20 cm

Italf mesh nrmber per one



Sys!en Local i ty used

Rort

Knot

Setsu or Fushi

Holland, England Rolr dumber per yard

Spaln, Porlugal Knot nunber per meter

Knot nuEber per six
lflches

Japan

Note: One 0,628 m in Nor\ . 'ay and 0.594 n in Sueden. Measurement
should be nade nhen stretched.

Converl i f lg the t iadl t lonal systems for indlcat ing nesh slze lnto the
internat ional standard systen, viz. ,  the stxetched meesure, the fol lowing
fortuulae ( in cu unit)  can be used:

,  = p =  t 2 6  _  1 1 9  =  I 8 3 = 2 0 0  =  3 0
P  0 n  0 "  R  K - t  F - t

where L is the length of a bar,  P, 0-,  0",  R, K, and F indicate the pasada,
Norteglan Onfar,  S\tedlsh Onfar,  Rou, Kno[ and fushi numbers, respect ively.

1 . 1 . 5 .  H a n g i n g .

Putt ing logelher pieces of webbing to make up a net and connect ing
them to the ropes is cal1ed "hanglng".  Upon ski l ful  hanging depends the
r ight degree of ful lne8s in al l  parts of lhe net,  the proper r€l ief  of
tension by the selvedge, and on the \rhole, the propei behavlour of the
gear ln nater and the f ishing success of the cor0pleted net.

Wheq the completed length of a ner is denoted by4. and the stretched
length of the webbing used by i ,s the hanging coeff ic ienE 6- is expressed as

F - l s - l c  - ,  . l , c

.q,s .ts

( 1 )

Letr ing 2L be the nesh size of th€ webblng ln stretched measure, and n and
n be the nunbet of rneshes lengthwise and deptrdise respecrlvely,  then Che
stretched feneth &and the stretched depth ds of the webbing are

L s = 2 n L  S  ( z )

d s  =  2  m  L (3 )



respect ively,  Therefore, f ron the equat lons (1) and (2),  ee have

(1  -  6 )  =  2 r^L  (1 .  -E> (4 )

Focussing.our aLtent ion on a mesh openlng iD the webbing hung
homogereously with the hanglng coeff ic lent q ,  i t  is easi ly understood
tha! the length of a mesh opening is 2L(I  -  t>.  Slnce a mesh opeoing is
a paral lelogran, the deprh of a mesh opedlng is

2L

Thus, the depth of

It-.t-# = rtf

theoret ical ly as fol lows i

the above d* is ca11ed theoret ical  net deDth.

I t  wi l l  be not iced rhat a net constructed with i ts length and
depth given by the equat ions (4) and (5) resp€ct ively is l ike a curtain
or a plan€ sheet in shape. The net so nade has not any slackness. I low€v€r
f{shing gear such as a purse selne has some degree of s lackness, whlch may
vary in di f ferent parts of lhe net.  This inakes the taper in the uings and
at the same t ine the ful lness in the nrebbing nhich prevents the f ish f ion
escaping out of the n€t dur ing pursing operat ion. When a net is required
to have sone slackness or fu11ness, the actual deplh of the net dc which is
represented by lhe length of each breast l ine sbould be shorter than i ts
t h e o r e t l c a l  d e p t h  d * .  T h e  d e g r e e  o f  s l a c k n e s s  6 . t s  g i v e n  b y

- 2

( 6 )

The above e nay be ca11ed the slacknees coeff lc ient.

1 , 1 . 6 .  S h a p i n g .

Conslder a uniform sheet of webbing whlch is tapered in shape, I ' i th
the rate of loss of n neshes in length against m meshes in depth. Now ler
B, P and M be the numbex ofr tBARs", lhe nunber of rrPolNTs'r  and the nurnber
of ' }1ESHest '  in cutt tng respect ively.  Then, rhe fol lowing relat ions are
s a t i s f i e d :



When m> n ,

end

When n > m,

. and

trov, daooting tha haagtng coefflci€nt ofcne Iength eld depth of the sh€at of w€bblnt ererespectlvely, rhere 2L ls the uesh size, O; theth€ ilagree of teper by the angle 0, then, we have

n (1  -  t )

th. rrebbinS by E ,
znl(r - E ) aDd 2dlJ 2 E- E2
other hand, i f  wG denote

BE ,"- l
p-n -n l

BE 'I
u=n-  nJ

(r)

(2)

(4 )

(5 )

-;:-=

(2 )  i n to  the above equet lon,

(3 )

equettons (1) andlntroducirl8 the

when o >n

and I'hen n >a

tan 0 =

tan o =

1
( - )

T' ' J2s -E'

,# * ,



1 . 2 .  P u l s e  S e i n e  t r 1 8 h € r l e s .

The surroulrdlng net,  especlal ly the nodern purse selne, 16 en
lnportant type of sea-f ishing gear for calching pelagic f ish. Tht6 type
of f lshtng gear ls clessi f led lnto t l ro najor groups: surrounding nets
wlth bag net and those without bag net. Th€ Becond group can be Bubdlvlded
inEo the neta !1!!g!l"rg-9-]j!!9 (tncluding the one boa! and the loo boat

Lrpg) ana those :4!hgg9-!!!9 (includins l!9_l!9.-!99! and ll9_l:q_!99!
LrPg) .

(1) Surroundlng net lrlth bag net: The Japanese semi - surround ing
net ls a typical  exanple. The bsg net ls .at tached to a palr
of wlng nets. After a boer wtth lurtng lanps has attracted
a f l8h school,  nett lng boats towed by other sna1l boats set
the net around the f lsh school,

(2 ) l lne: The lanpara type net

a purse ltne in the lower
f ishtng operat ions, this
the one boat and the tqro

has neither purse r lngs nor
of the net.  Regarding

of gear is subdivided lnto
types.

(3) Surroundi[g n€t wlth pulse l lne: There are var lous pur8e
selnes eccording to the specles of f ish ained at.  The net
1s aet alound a f lsh school and then the purs€ l lne is
quickly puI led onto th€ boet so pursing the bot lom nar8in
o f  t h e  n e t .

(3-r) 9E:E!_IIPS_jgIE9-€E: The seln€r holdins one end of
.  the net,  Eurrounds a f ish school laytng doi, In lhe net at fu] l

speed in such a a'ay as to block the passage of the f ish
school rhl le a ski f f  is standlng by holding the other end
of the net.  Aft€r complet lon of the sett lng of the net the
aelner rec€ives the other end6 of the purse line and the
bridle from the ski f f ,  and the net is hauled onto the deck
as aoon as the pursing operat lon is coinpleted.

(3-2) b!9g!llp9_fgE9_*!!9: The purse line or the lrlre rope
for purelng the bottorn of th€ net are attached to th€ slnkers
ln alnost the same nanner of construct lon as ln the one-boat
typ€ pur8e seine, but the f ishlng operat ion ls nade by lwo
boata. Conaldered in detal l ,  holrever,  lhe one-boe! and the
two-boat type purse selnes are of di f ferent construct lon;
the twine sizes, the mesh size, the length and the deplh of
net and the rat lo of the length to the depth ale di f ferent,
Serdlne, nackerel ,  horae nackerel ,  skipjack, and tune are
the neln object lves of these purse seiners.



1.2 '1 .@.

In lhe one-boat type horse mackerel  and mackerel  purse seine,
the netr ing trdne size for the cod end ranges from No.21 to No.24
(number of yarns) and the nesh €lze ranges fron 5 to 6 cm in strelch
neasure. Whi le in the one-boat sardine and sma11 horse nackerel  purse
selne, the net l ing tr0ine for the cod end langes fron No.1B to No.24 and
the mesh slze is 3.3 cn 1n stretch measure. In Lhe rno-boa! horse
mackerel  and mackerel  purse seine, nett ing twine in the range of No.18
lo No.21 ls used for the cod end and lhe mesh size is from 5 lo 6 cmi
whi le ln the sardine purse seine, n€tt ing twine of No.6 is usual ni th
nesh slze of 1.7 cm for the cod end, though sometimes twine size ranging
from No.4 to No.6 and nesh size of 1.1 c1l l  are enDloyed for seiners
operat ing in bays and inlets.

In Thai purse seiners, the l rebbings of tnine size range fron
No.4 to 6 with a stretched nesh size of 3,3 cm for catchlng Indo-Pacif ic
Mackerel ,  for bonito,  a twine slze belween No.9 and No.12 ! ,r i th a stretched
mesh size t tetween 3.8 and 4.5 cn are used.

ceneral ly speaking, a purse seine has 2 to 4 t ines of buoyancy
egainst the total  s inking power:.  this is to prevent rhe f loat l ine from
sinkidg beloc? the surface of the sea during pursing operat lons. During
an operst ion i l  is important to prevent the f ish school f rom escaping
from the lower part  of  the i r ings. This is possible to some extent i f  the
net is al lowed to develop depthr" ' ise as fast as possible rehi le i t  is be1n8
Eet.  Therefore, the net nust h6ve a fas! s inking speed. In other words,
lhe nel should hav€ reinarkably heavy \reight in rrater and 1or, hydrodynamlc

Table 1.2.1 shows the part iculars of var ious kinds of purse seine.
In Table 1.2.2 a compai lson of s inking veloci ty for several  k inds of purse
seines is given. As seen from the table the average sinking veloci t ieB
of purse seines are in the range of 11.0 to 17.0 cf l /sec. In extreme cases,
the hlghest stnking veloci ty reeches a record of 27.5 ctn/sec and 4.2 cm/s€c
is the lowesl.  Table 1.2.3 and I .2,4 shoe the weight of s inker used per
meter of the sinker l lne for purse seines in Japan and Europe respect ively.
Fron the tables, we can conclude that the average sinking power per rnete!
ranges frorn 1.1 to 2.8 kg/n. I t  is reported, however,  that some herr ing
purse seines in Iceland are using heavy sinkers ranging fron 9.2 to
9 . 9  k e / n .

Por eebbings for purse selne Tetoron or vinylon are recorEnended,
because of their  large specif lc gravi ty,  Though nylon have to be tr€ated
eith lesin to increese apparenl specif ic gravi ty,  i t  is st i l1 in use.
Sinking veloci ly can be lncreased by increaslng the sinker.  Hor.ever,
we nust take into consideret lon the fact thet the tension act ing on the
net becoEes greater wl lh lncreaslng Bloki f lg polrer.  Fat lgue of lhe net
becodes evldent sooner with increaaing tension. Wlth an lncreaged number
of s inkers, f loats l rust also be increased to pr:event th€ f loat l ine fron
sinking below the sul face during the f ishing operat lon, nekihg the net



nore bulky for hsnd1lng. Fig. 1.2.1 shona the ie8ult  of  an experfunent
by Nomura and othels,  Eveo l f  the welght of s inkers ls lncreased lo
iwlce or three t lmes lhe or lginal  nelgh!,  the !e! lo of s lnklng velocl ty
increases only by 1.35 and 1.50 t lnes reBpect lvely.

r .2 '2 .@.

FiEhlng gear ln Btandlng nster keeps lts shape under the balance
of the uPI erd force (buoyancy) of the f1oet6 aod the doi'nward force
(sinking porcer) of the slnker3 4nd the net. The 6hape of the net should
be roainteined even lrhen a curreDt ls actlng on the net.

(f) If9g9: lfooden floats, basboo floats, glaas floats,
synthetlc floets end netal floats are corEdon. A buoy or
a f loat should have e low speclf lc gravl ty and as a whole
should be Buff lc lent ly nater-t ight.  The neter lal  u8ed
should be cheep and easlly obteinable. It should also
ellow fot meas production method as \rel1 as being easlly
fofted lnto the desired shEpes. Cotk, plne paulolrnia,
clyptometle heve beerr rridely uaed. Synthetic buoys and
floets ale now ln cormon use lnstead of the gbove nalural
mater lals.  The f loals used ln deeper layers a6 1n botton
9111 net or botton trawl net should be able to withstend
gr€at pfessure.

(2) lgglgSgIr The buoyancy I of a floet ls expressed es F = V
- W, ,here V ls the volune of the floet and W ls the welght
in alr .  Denot lng the speclf lc Sravl ly of the f loet by C,

r-w (t-  1) -v (1 -c)

The buoyancle8 of vsrlous lypes of float ere shown ln
T a b l e  1 . 2 , 5 .

(3) Sinklng power: l ,e4d, l ron, bress, stone, br lck, concrete,
etc. are comonly used as alnkels. The stnklng powe. F. la
glven by F" - w - V, afiere W end V ere the lrelght of sl;ker
ln air  and-the volurne of s{nke! respect lvely.  D€not lng the
specific glevlty of the sinker by C, we have

F = w (1  -  !  )ac
The sinktng powers of the
T e b l e  1 , 2 . 6 .

-  v  (c  -  1 ) .

verloua sinters ate 6hown ln
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[!: fhe 'reight of twine for
be obtained by the fol lowing
e range of practlcal accuracy.

(4) Celculat ion of twlne wei

e Dl l lca l  dethod I ' l th ln

IIlg!_l4E: (Ntmbet
neight ln gram per 100

gL!Z&9..1!s!!9: (Nunber
welghr in gram per 100

of yarn glven) x 3 x O.9 gives
rn ln length.

of yarn gtven) x 4 x 0.9 gives
m ln length.

g]!]!g-ry1!g, (Number of yarn glven) x 4 glves weight
in gram per 100 m in length.

1 . 2 . 3 .  P u r s e  s e l n e  l n  T h a l l a n d ,

One-boat lype pur:se seine f lshery in Thei lend or iginated from
lhe lrddltionel Onan-De$, which was a The{ surroundlng net operated by
nan-power uslng a shgle rolr-boat. Two-boat type purse seine fishery
cane or lglnel ly fron China. This f ishery consists of an engine-powered
mother boat (15-30 tons) and two snaller non-poirered boats. I'lhen
locall$g flsh schools, the naster flsherroan keeps a lookout with sone
of the crelr fron the top of the mast of the nother boat. When a fish
school 16 found, the tno sma11 boats start to ehoot out the seine
surroundlng the f ish school.  ?inal ly the f lsh are caught by purslng
the s€lne nel.  Horrrever,  r t th this type of pur8e seine the gear size
is l tni ted by the boat size, and therefore a large catch cannot be taken
in each opetat lon. For the above reason, the !r , ro boat purse seinels are
a t  p r e s e n !  d e c r e a s l n g  i n  n u m b e r s ,

Most purse seiners in Thai land are ponered by dlesel englnes,
and operate thei !  gear from the foredeck. For purslng the purse l ln€s
and other pnrposes, drun type wlnches ere instel led on boatd. Purse
aeines are now $ade chlefly of nylon for lhe rialn palt of the net and
polyethylene for lhe selvedge part .  Polyethylene crosslng laid rope ls
used q6 e purse l lne lnstead of rdre rope, because l t  ls eagier to
hal ldle during operdt ions.

To detect f ish schools,  the fol lowlng nethods ar€ adopted by
Thal f lshermen.

(1) A oaster fishernan keeps lretch fron the nast durlng the
evenlng and ea.ly nolnlng.

(2) Even on a dark night,  f ish schools can b€ detected by
looktna ior the lutlllnous effect on plankton made tiy
srdlmring fish,

In lhe Culf  of  Thal laf ld r  f ish schools ele sna]I  and occur over e
wide aree. Consequently, the sbove rnethode {re popular end are lrldely
adoPted h€re.
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The follo\dng methodB are ln u3e for fish lurlng;

(1) Utlllztng the naturel behaviou! of flsh to gethe! lo a
shady place. For thls coconut lesves are suspended at
varlous depths in lratet to attrect fish.

(2) At night, thiee or fosr lo[ps are suspeided lu3t ebove
the nater on one alde of the f ishing boat to ettract f ish.
At present, kerosene lamps Instelled on refts ere used by
purae aelners fo!  et t lacl lng f ish. These rafts rr i th lenps
are eligned at reguler lrtervalB of 70 m, conn€cted to oue
enother with rope end enchorad to the left furthe8t
up6treen ot on the slde rno8t expooed to the !res!h€r. Usuelly
5 to 10 rafts are used et a t lBe.

As f tshing opelat ions are usual ly carr ied out ln areas not
affected by the monsoon, fishing grounde are changed accordlng to the

'geason. gecause of this, purse selne flsherme$ know rre11 the ulgratory
routes of flsh schools. Flshlng operatlons take place throughout the
year except duling the spawlllng sealron, when flshing ls plohibited by
la!r. FIshIng grounds ere usually r.lthtn 30 nautlcal niles flod the
shore and at depths shallower than 40 m. The rajor ftshing bases for
purse selne!6 are sholrn i^EIA. 1.2.2. A deslgn dtagram of the gear
used la shonn tn Ftg. 1.2.3. and part lculals of a nebbl l rg unlt  are

Name of
Part Tnlne aize l lesh size Deprh Lenglh

Selvedge 210d/ 18 1 3/4" (4.4 cm) 6 rneshes

rN" (3.8 cm) 800 tne8h€s

40 trr ln f1o6t
ltne length

44 tn ln alnker
l lne length

1,400 neshe8$ebbtng
zlod l9

(for roatn net)

2 lod /12
(for cod end)
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Maln dlnenslons of the conpleted set of  geer are as fol lows:

Narne of Part  Hang-ln Conslructed Cof lstructed
(7.)  depth(m) reBsth(m)

Upper part
Lower pert

600
600

20
27

25
18

Deteila of lopes used are shown belor':

Nene of part Dlaneter Length Remarks
(mn) ('n)

Float I lne 5 600 S and Z tr ist  of  ropes
are used togelher

Sinker I lne 6 660 - di t to -

?urse l lne 24 700 Cross latd lope
(b!aided rope)

Tlro thouseod synthet{c floers (fatget No.8) sre attached to the
f loat 1tne. Thelr  weight ln alr ,  specif ic Sravtty end buoyancy are 70 g,
0.25 end 210 g respect lvely.  Therefote totel  buoyancy corresponds to
420 kg. Trco hundred and twenty piecec of leed sinker, eech 5OO I tn
nelght,  ere attached !o the 600 m slnker l lne at reguler tntervals of 3 m.
The welghL of each piece of leed in rrat.r  ls 455 g, therefore the totel
n€ight of the sinkers in tJater {s 100 Kg. the sane nunbet of purse :.lngs
as the lead slnker are set at the same reguler inte:.vals. Each 10 cn
dlaneter r1$g is nede of bronze (speclf lc gravi ty :  7.8) and i '€tgh8
500 g tn etr. The oeight of eech rlng nhen ln water ls 435 g so naking a
total  weight ln rdter to 95,7 kg. The lreight of  lhe ne! io water ls 86 kg.
therefote, lhe f lnal  surplus buoyancy lef t  is equel to 138.3 kg.
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1 . 3 .  G t 1 1  N e t  F i s h e r t e s .

The g11I net ls an lnportant type of f ishing gear in conneicial
f isherles. In actual f lshing operat ions a nunber of net unl ts are used,
sonel lmes a fu1l  sel  of  nets extends Ehousands of neters tn length. The
gear is al loned to dxi f t  near the surface lr i th one €nd of the nel connected
to the f ishing boat.  Sometines 1l  is sel  near the bottom and anchored at
both ends. Gi l l  nets are eff€ct ive for catching many pelagic f ish, such
as h€rr ing, salmon, sardines, f lackerel ,  tuna and sharks. They are also
useful  for catchlng many denersal f ish such as cod, brearn and f lal  f ish.

Salmon dr i f t  net ts a type of 9111 net $htch i6 the most developed
ln the gi l1 net f isheries. In salnon f lshery, dr: l f te is cotrmodly set nore
than 400 un1ts, each one about 60 rneters in length. Thus a ful l  set of
dr i f t  nets sone!f i res reaches 25 to 30 lcn. The nets are set late in th€
afternoon and al lowed to drt f t  unt i l  n idnight.  The dr i f ter wi l l  stay
nearby. I laul ing the nets ls done wi lh the aid of a haul lng machine,
beginning at midnight,  conttnuing unt i l  late the f lext mornhg. The
f ish gl l Ied in lhe nets are released fron i :he n€shes by hand. The catch
ls then transferred to a nother boat.  In the North Paclf ic Ocean the
salmon dr i f t  I Iet  f lshery cont lnues for thr€e months from late spr lng to
early Sumret.

Entangltng nets conprise the single and the double wal led and
the three wal led tral l lnel  nets.  These are us€d for catching hake, shark,
ray, brean, spanlsh nackerel ,  shr imp, etc.  The singl€ ua11ed nets are
used ln the Southern Caspian Sea to catch sturg€on by entangltng. About
150 units,  set perpendlcular lo the shorel ine, are used ln an operat ion.

l . l . l .  N e c e s s a r y  f a c t o r s  f o r  e f f e c t l v e  g i l l  n e r t i n g .

A l -  n r e s F n t .  s v n t ' r p r i .  f ' b e r s  s u c :  a s
nonof i lanent are most cotunonly used for gi11
b i l i t y ,  s t r e n g t h ,  e l o n g a t { o n ,  d u t a b i l i ! y ,  e t c
cornparison of phy8ical  proper: t ies of several
ihose of cotton are included for reference.

nyl  on nult i f i lamenl and nylon
nets becaus€ of their  f lexi-
.  Table 1.3. I  .  sho\rs the
kinds of synthet lc f iber,  and

By looking al  Table 1.3.1,,  we can conclude that nylon has many
superlor propert ies compared with the oEhers. I t  has htgh tenacity,  high
elogat ion, excel lent elast ic recov€ry, and is on the r 'hole sui table for
net conslruct ion processes. Nylon is comparat ively cheap. Nylon
rnonof i larnent is aLnost transpalent so that i t  cannot easi ly be seen in

Tension act ing on €ach mesh is closely related to the catchabi l i ty
of Ebe gi l l  net.  I f  lhe net is constrrcted wlth too many f loats and
slnkers, stron8 tension acts on the legs of lhe meshes. Th€refore, the
nett ing tnine forming the i reshes becomes lnore taut,  teading to poor catch.
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The breaking strength of twine used in gi l l  nets should be suff ic ient ly
high to prevent breaklng durlng operat lon. A proper elongat ion rn
net l i [g tv ine is requtred for gi11 net,  i .e. ,  25 ro 30% elongat ion ratto
would be appropriale.  The colour of net is an lnportant factor and
recomnendations are given for the colours to be used ln salmon gi11 net
3nd f ly ing f ish gi l1 net f lsheries. Salnon gi l1 net f ishing in rhe
North Pacif lc ocean, r^rhere the transparency ls very 1ow, is conducred
at rwt l ight and lhe preferred colour is greenish b1ack, In f ly ing
f lsh f isheries conducted in hlghly transparenr warer,  blue is
recomnended. Using the proper mesh size wi l l  result  in htgh f ishlng
eff ictency of the ge.ar,  Mesh select ion ls part icular ly inportanr for
gi l l  nets and so ln deciding mesh size, considerar ion should be srven co
the body slze and shape of the f ish sought.  The shape of rhe mesh is
deterrnined by the hang-in rat io,  ceneral ly the hang-in rat io of a dr i f t
net iB in the range of 30 t :o 40%, whi le a bortom gi l l  net has more hang-in
ral io.  for a trannnel net a hang-ln.at io of 40 to 60% is used.

T a b l e  1 . 3 . 2 .  s h o l r s  p a r t i c u l a . s  o f  s o n e  t y p i c a l  g i 1 1  n e t s .
As seen fron the tab1e, the dr l f t  gi t l  nets are narro\rer in nesh srze
range, uhereas the botcon entangl ing ners are much r ider.  The depth of
a dr: l f t  g i l l  net is much greater than thar of a botcom entangl ing net.

1 , 3 . 2 ,  S p a n i s h  m a c k e r e l  d r i f t  n e t  i n  T h a i l a n d .

Dri f t  nets are used for carching spanish nackerel  in Thai land.
Honever,  this species of f ish is caught most ly not by enneshing bur by
entangl ing, The hang-in iat io of rhe net used is abour 38 to 407.,  The
nett ln8 trr ine used is nylon 210 d/18 yarn (very soft  r \ r isr)  and rne
strelched nesh size is 10.2 cn. The deprh of the net is 125 neshes and
the length of a unit  is 200 m when sr letched. Buoys are frxed c.1 rhe
gear but s inkets are nor used at al l .  Instead of s inkers, a 25 mesh depth
of heavy saran s€lvedge (speclf ic gravi ty :  1.71) 'nade of 380 d/18 yarn is
al tach€d at the boatom of the nylon nett ing, The nesh size of this saran
net is the same as lhe main net.  fhe net is nade in rhis r ,ray in order
to catch f lsh not only by enneshing but by entangl ing as l rel l .  srnce
there are Iro slnkers, tenslon act ing on the meshes is renarkably smal l
and lherefore these loosely hung neshes give nore entangl ing eff ic iency.
This type of f ishing usual ly employs about 15 ro 30 units of net and the
boats calry 3 to 5 cres Eenbers on board. The net is la id out in rhe
evenlng. After shoot ing the gear,  the boat returns to the inir ia l  posi t ion
from where i t  started shoot ing and lhen picks up th€ buoy 1tne. After about
t \1to hours the crer beglns to haul tn rhe net nanual ly on boatd, The
operat ion lE tepeated 2 !o 3 t imes durlng the nlght.  In rhe norning afrer
lhe f ishlng operat ion the boats return ro thetr  f ishlng port .  This f ishlng
operat lon ls done throughout rhe year shtf t ing from one f tshing gxouno ro
another.  The nets used are usual ly greer in colour.



Pert lculars of the gi l l  net used ere 46 fol lows (for t l lustrat ion
o f  d e t e 1 1 8  r e f e f  t o  F l g .  1 . 3 . 1 . ) :

Netting Eetellal : nylon snd Saran multlflla[ent.
Type of knot : Double Engllsh knot (Doub1e Reef Knot).
Colour : Creen.
Tnlne slre : nylon 210 d/18 yarn and Saren 380 d/18 yarn.
Stletched rnesh slze :  10.2 c[ l  (4")
Length end deplh of a unlt of net

llang- in
Floa! l lne

Buoy llne

Flo4t

200 n x 150 lreshes (irclude 25 ne8heg
of saren selvedge net).
38-407"
Polyethylene rope of 8 or 10 ltnr ln
d t a , ,  S -  a n d  Z - t w l s t .
v inylod 20"/45 yarn, 5-15 m tn
Ienglh ( lel l8th of buoy l ine ls
adjueteble to e desired leyer).
Plest lc cy1lndl lcel  type, 40 ca ln
length x 10 cn ln dia,
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1  . 4 ,  L t n e  F l s h e r i e s .

the other

Line f isheries cen be classi f ied into slx rnajor groups: pole and
1lne, tune long l ine, bottom long 1ine, squid 6IIg1ing, t rol l ing and ve.t ical
long l tne f lsheries. l losever,  our discusslon ni l1 be conf lned to vert ical
long l ine f lshery, conslderlng the t ine glven. Dernelsal  f lsh resources in
narrow belts along the upper nargins of cont inental  s1ope, around reefs and
banks uhere trewl ings are not possible have not been ful ly explored and
developed so far,  Vert lcal  handl ine ts one of the effect lve f lshing gears
in such untralr lable naters and the results of experimental  f lshing have
revealed that vert ical  handl lne f ishtng i8 promistng in untra\,r lable grounds.
Al lhough the total  cetch lnay be less than that of  t r6l ,1 f tshlng and, in the
South China Sea and the Andanan Sea, the stock size may be snaller than
thst in tranlable grounds, the catches of vert ical  handl lne f lshing are elno8t
exclusively of htghly narketable f ishes ln the Southesst Asla.

1.4.1. MEs_sggr.

1) Oldinarv t}?e f ishing gear.  ThlE type of f lshing gear conslsts
of eight perts.

a) !g3g_!&: Dacron "Sebe!o" Super 70, breaking strength
79-93 kg in weter, 200 n in length one end festened on
the d!um, end the other end connected wlth e brass
balrel  str lvel  which is attached to the end of a rubber
spr1n8.

b) Rubber : 7 llr ln dlaneter 30 cn ln length, tro ends
srlvels,  one of then lolded to the lead l lne,

the naln llne. Srrivels are 5 cm in lenath,€nd for

c) Igig:!g: Mono-fi lsment nylon No.60, 80 cn 1r length,
to ta l  6 -14  p ieces .

d) $lySE: Bra6s three-\ray srdlvel or galvenlshed triangle
svivel. The swlvels are flxed at intervals of one neter on
the nain l ine, Total 5-14 pieces.

e) !:gL.I!s.: Monofilenent nylod No.40, 80 c!0 irt length,
f ixed on the horlzontal eye of the thre€-lray srivel, rotal
6 -14  p ieces .

f) U99L9: No.26, 6-9 cn In length, 2.4 mr ln diemeter, or
rt 'ustadrrNo.T, steinless €teet hook, 5.7 cm ln length, 2.0 mn
ln diameter. The number of hooks depends on the number of
branch lines -

S i n k e r :  C a s t  i r o n ,  b a n k - s h a p e d ,  1 . 3 - 1 . 5  k 8  p e r  p i e c e .

h) Ig!]!r Squld8, horse nrackeral, and saury.



2) Handkerchlef type flshins ge6r. fhis type of fishtng gear
consists of the fol lowtng ten parts.

a) !gg3_!gg: Dacron 'rsebatorr super 70, breaklog stlength
79-93 kg ln water, 200 m in length, one end f i t ted !r{th e
brase barrel Bwivel.

b) IeIb: A saf€ty nark or swivel at the f lrst f lve neters,
and the lead l lne narked at intervels of 10 ro i f  necessary.

c) lEIgf: lleavy duty sr.ivel, braaa barlel snivel 5 ctrr
in  length.

d) $g!_g4ySl: The bigger sized s\rlvels (total length 10 cm)
aEe used for lotnlng the main l ine end the lead l ine.

e) ?acking Llne: Vinylon, ln 3 f i !  dleneter, 1.5 m ln l€ngth
eye-spliced at both ends and a snap s\r lve1 is put ln one eye,
the other eye f i t ted wlth a three-lray snivel, sened onto a
canvas handkerchief, one ray for sinker, and the thlrd way for
main l ine branch l ines with hooks.

f)_ EgllS:g!1S!: 30 x 3c cn in size, cenvas dyed brown in

g) Igg_LlIgr I ' ionofi lament nylon No.50-No.100, the length
depending on the current; longer lhan 2 rn for strong current,
shorter for lhe lreak current.

h) !Igt9!_!:!9: No.30-No.40 llooofilarnent nylon 1.5 m lD
let lgth.

i )  Ig! : :  No.26, 4.5 cI tr  in length, 2.4 r 'm in dismeter or
"Mustadrr No.7, s lainless steel hook, 5.7 cm in length, 2.0 l t [ r
i n  d i a n e t e x .

t l

j )  q i n k e r :  l e a d ,  1 . 5  k g  p e r  p l e c e .

3) Dr_i f l ing type f ishlng gear- This type of f ishing ge6r consl3ts
or seven parts,

a) Plast ic Basln: 45 cl t r  in upper outer diemeter,  25 qn In
height,  and 40 cn ln botton diameter,  e hole dl i l led on the
bottom, a bolt  and nut is put i l l ,  6nd packitrg fo!  l rater t ightness,
end a hole on thread porl ion of the boI! ,  for fastenlng the end
o f  t h e  1 1 n € .

b) !g!gl  |  2.5 cn in diameteE, 60 cn in length, f l t ted on
- the r in of the basln, for hangtng the balted hooks.
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c) Eg.! ! !g:  Vtnylon 205/24 x 2 x 2, f i r8t  sect ion or the.
l€ad adjusted to the depth of \rater, one llne i3 fixed at
50 r l  and the other sect ion of the l tne to be edapted to the
depth.

d) Eg!_!i3g.r Multifilanent nylon, 2 llln in dienete!,
15 crn tr length, one end fired with lead line (main line),
the other end tied lrith en eye fot the monofilanent brench
l ioe with f ishing hook, l ts length is 70 cn, 6ize is No.40,
total  8-20 pieces of branch l ine, at  lntervels of 1,5 n.

e) !gg_!!9r Use the same slze as lead llne, one end of
lhe na{n l ine \r i th a loop for the tube si lker.

f) :gE._:19!9:r Plastic tube, 14-16 mr in lnne! disneter,
1.5 n in length, the upper end fixed sith a snap for connectlng
the loop on the.nain 1ine, I ron bars, 15 co tn length, 12 rnro
ln diameter,  wetght 300 g per plece, four pleces nele put into
the tube, one of then lndented for tightenlng purpoEes!

g) Hooksr 'h, lustadrt  No.7, stainless steel hook, 5.7 cn in
length, 2,0 I!!n ln dianeter. The nurnber of hooks depends on
the nunber of brench lines.

1.4.2. [9!!€-91-9P9!e!:s.

When a f ish school {s found by acoust ic s€arching, hooks \dl th
balt ar€ cast as quickly as posslble lnto the 6choo1 and ere laised ehen
f ish are caught,  and the process ls repeated,

1) Ordinary type. There are three different methods of ftshing
operet lon using this type of Searr the dr i f t ing, the spenker and
the anchorlng operat lons.

Drl f t ing operat ion: Stop the vessel Just l reether side or
upstream slde of rhe figh school found end continue engling $hlIe
drt f t ing. When the f lsh school scatters or noves al 'ay from the
area, lrove the vesgel to look fo! the fish school o! fo! dnother
s c h o o l .

Spenker operat lon: fhis ls a nodif icat ion of the above
nethod. l jnder strongly wlndsnept condlt ions and ln a rough see,
the spanker helps the vessel head the \r ind and is ut i l lzed,
therefole, in ver ious ktnds of f tshtng operat ions.

Anchorlng operat lon: Anehor the ve6se1 lust above or near the
flsh school found, end lower hook6 to angle fish.

2) Handkerchief type. Thts type of geer ls used in nost cases -
during enchorlng. Anchor the vessel jus! above o! nea! the figh
school,  scatte!  the chopped meat or lginal ly l r rapped ni th the



handkerchief of the gear ln a leyer 6bove the school and lure
the f lsh school up to around the mld- layer.  Then, let  the school
Btay in thet posltlon as long as posslble and repeat the above
procedure to angle th€n.

3) Drl f t ing type. Set the gear by al igntng the gears at appro-
prlate lntervals, and teking care not to let them become entengled.
The geer should, of  course, be set ln such s manner that the al igned
gearB encounter the f lsh school found. After conplet ion of sett ing,
the gears are col lected one by one start tng from rhe gear f l rst  eet,
and lhe process is repeated.

1 . 4 . 3 .  F l s h i n g  g r o u n d s  a n d  6 e a s o n s .

cood f lshing grounds are usual ly fouad ln an uplrel l ing area near
lhe shoulder of a cont inef l tal  s lope and near reefs.  The depth consldered
preferable ls i f l  the ranAe of 60 to 130 m, and above 3 in th€ water colour
scale would be moderate. Some of the pronising grounds found so fer are
sholtn in Fig. 1.4.1. There are thought Co be some eide and prosperous
f lshlng gtounds in Phi l ippide and Indoneslan waters.

In this region, there is l i t t le seasonal change in cl lnrate.
Holrever, the location of a fishing ground depends upon the monsoon.

1 . 4 . 4 .  C o n p a r i s o n  o f  t h e  t h r e e  d l f f e r e n t  r y p e s  o f  g e a r .

Each type of gear possesses i ts o\rn character ist icsr the select lon
of Sear should be nade considering the season, the ground, and the slze of
the vessel enployed.

1) ordlnery type.

Thls type of gear is easy to use snd to mve froh place
!o place. Thelefole i t  ls convenlent for a f ishlng ground
aurvey. It6 use is elso strongly recomEnded 1n an area of
actong cuttents.

2) Handkerchief type.

This type of gear ls usual ly
recomended in an area !,rher€ the

very effect ive, bu! i t  is not
current is stronger than two knots.

3) Dri f r  type.

To prevent entangltnA of gears, ln the above trro methods the
gears are set on one slde of the boet at regular intervals of 2.5 to
3.0 m. The gears enployed sre l l io i ted ln number, dependlng on the
Bize of the vess€l. I t  ls a merl t  of  thls lype of gear that several
set6 can be ernployed on board a sma1l boat and with a llnlled number
of crew nenbers.
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1 . 5 .  T r e w l  F i s h e r t e s .

Constdertng the eress of operat ion and the poslt lon of the
f lshing gear in relet lon to the sea bottom lrhen f ishtng, trawl f ishing
Seer can be grouped lnto four major categorles : 1) surface trewts
(tuo-boat type),  2) mld-nater trauls (one-boat and tro-boat rypes),
3) bottorn l ralr ls (sma]l  s ize trew1, medlum size traw1, large slze trar l
end factory shlp type) and 4) other towing ners (beach selne, boat
s e l n e  r  e t c .  )  .

Surfaee trawl or floatlirg tranl: To catch small flsh such as
sardine, anchovy, e!c.  surface trat ' l  nets are sometlmes used, because
these groups of f ish often appear near the surface end swln slower than
the larger pelaglc f tsh. The n€ts used ln Japan are rathe. 1ong, and
they heve a headrope of 120 m tn length. The net is towed by two boats
I'lth 90 n of lrarp each stde, keeping a distance of 150 n bet\reen the
tro boata. Accordlng to observat ions, the net does not open ful ly at
very 610r speeds, but wlth Epeeds between 0,4 to 1.0 knot,  the ner nainteins
good Eoulh oPening.

Mld-t 'ater t rewl:  To catch pelaglc f ish in middle layers, (niddle
layers hEiE-iEEii-GiE layers tn betveen rhe fir.sr few rnetres betoo
the surfsce and the f l rst  feqr netres above the seabed) nid-wat€r trsqls
are sonel ines used, Usual ly mld-wate! t re$11n9 ls calr ied out on rhe high
seas. The boals are quite big, belongtng to the sane class as rhose big
nodern stern trawlers of the North At lant lc.  Thelr  engin€s are high
polrered (200-400 n.P.) for tact ical  f ishing at high speed. Mid-nater
trar ls can be subdlvlded into one boat and t ! , ro boat traols.

Botton trawl:  This cornprlses a var lety of l ralr l  nets.  Consider-
lng the r leture and depth of arees operated, lh is type of rralr l  can be
subdlvided lnto three groups.

1) Srnal1 slze trawl ( ln inshore areas) includes the fol lowing:
Danlsh aeln€r or anchor draggtng with 1ow poqrer dlesel
engine. Dlesel-polrered beam t law1er for shr irnps and f lat-
f ish and dredger for shel l f ish and other sea af l imals.  Sai l ing
drag netter using bean trawl net.

2) Mediurd slze bottom trawl ( ln off  shore areas),  includes the
fol lowing: Danlsh and Scorr lsh selnels,  otrer t rawlers,
wood€n or steel construct lon leoging 20-100 c.T. with
diesel engiue in lhe range of 30-100 H.P. Pair  rrar leis,
wooden or steel construct lon ranging 50-60 C.T. I ' t th
dlesel engine ln lhe range of 200-300 H.P.

3) l,atge slz€ bottom t!ao1 (on rhe high seas) includes the
fol lowlng: Pair  t rawl ing boats, wooden or sreel construcr ion



2 I

ranging 90-200 G.T. with dlesel engine in lhe range of
3 2 0 - 1 , 0 0 0  H . P .  O t t e i  t r a w l e r s ,  n o o d e n  o r  s t e e l  c o n s t r u c t i o
of 500 G.T. ! ' i th en8ine of 750 H.P. Factory shlp type
trai^?Iers, steel construct ion in the range of 90-200 G.T.
w t t h  d i e s e l  e n g i n e  r a n g i n g  3 0 0 - 1 , 0 0 0  H . P .  o n e  f l e e c
consists of one molher shiD and f lve to six Dai ls of
r r a w l € r s .

The modeh steln trar i r ler can be one of the most modern
oltef  t rawlers with sophlst icated equlpment for f ish detect lon
and for i ts actual f ishing operat ion. The general  arrangement

i  I  l  , r r r a r c d  I n  F : .  I  5 . I  T h c  c o n -
bj .nacion of such panels waries according to lhe constr.uct ion,
s u c h  a s  r v o - s e a n e d ,  f o r r - s e a s e d ,  s L x - s e a n e d ,  e t c ,

1 , 5 , 1 .  .

The trawl.  net used on board I , t .V. Paknarn durlng uhe or ientat lon
crulse was a Cerman lype tra\r1 net.  I t  is a two seam net as sho\rn in
Fig. 1.5.2. As can be seen f lon the dlagram, the hesdrope and the ground
rope arfe 17.7 and 47.6 n respect ively,  The nesh slzes of the net di f fer
depending on lhe di f ferent parts of the net,  The mesh sizes of the ' tngs
and the square are 180 m both for:  the upper and lolrer nets,  whl le the
bel1y and bait ing use those of 120, 80, 60 and 40 mn. The cod end uses a
nesh slze of 40 rm.

The cutt lng pattern for this net ls as fol lous: The upper l l ' ing,
cut 1 point 2 bar6 for the outside ( to joi [  \dth the ]o!rer:  \ r ing) and the
inside cut al l  bars ( join wiEh the head rope),  For the 1olrer wing, the
outside tr im is 1 potnt 4 bars (Jolnt wlth the upper nlng) and inside
tr im is ai l l  bars ( ioin wich the ground rope).  For the body o{ the net
(both in upper and lower) cut I  point 2 bars and ihe cod end cut al l
p o i n t s .

The nurnber of neshes in length and depth of each part of the net
a r e  s h o l r n  i n  t h e  f o l l o w i n g  t a b l e .

Parts of nel :
N o .  o f  N o .  o f
mesh mesh
(Depth) (Length)

S l z e  o f Mesh N o .  o f
Pleces

TO?WING
UPPAR ITING
1OWER WING
SQUARE
BETLY

380d/48
380d/48
380d/48
380d/48
380d/48

1 -  19
19-  55
19- 50

160-136
136-128

180
180
180
180
180

6 9
9 I
22

9

2
2
I
2



22

Parts of net
Slze of
twLn€

Ilesh
9lze
('nn)

No. of
ro€sh

(Depth)

No. of
l[4h

(I-ength)

No. of
Pleceg

BODY 1
q 2

n3
ETTENSION
COD END
COD END COVER

380d/48
380d/18
380d /18
380d /18
380d/21
380d/60

10
50

100
126
220
50

L20
80

40
40
80

192-180
270-2t3
244-ta4

155-155

2
2

z
2
2

Redarks: Al1 parts are joined together wlth cremona twhe.

Specif lcet lons

Neme

Ileed rop€ i

Ft8htng l tne:

Cround rope:

Lacing l{ t re:

F loat:

Slnker:

S lnker:

of iopes and

llete"ial

l'lre

wlre

other accessorles

size/weiEht

12 ur tn dta.

12 fin in dta,

14 ll[r in dia.

are, a€ fol lows:

Remarks

Polyethylene

Plast ic

Iron

Chaln ,

15 mtr tr dle.

20 mn in dla.

5 kgs. (each)

2 kgs. (each)

Quenti ty

1

1

1

2

2

wrepped vith
tirlne of 3 lt6

$rapped wlth
trrioe of 3 mtr

wrapped nith
roPe of 8 dtr

The hangtng of the oetting to the topes and the artange[rent of
accessories used are very important and al l  should be conf lected togethet
approprlately. Rope end net construction are described belo!,r.

!g9$g_!1!9: Usually hade of compound rope and used for join{na
the bel ly (ot  bai t ings) and the sldes together.  Thls helps to absorb
incleased extelnal forces actlng on the netting.

Bolch l lne snd staDl lns twlne: These are
constt'uctlon of the wtigs r.hlch sl.e connected wlth
headrope.

used for the
th€ grouodrope and the
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Ftshing l tne ( foot !ope):  Usual ly made of compourd rope.
FLymeshes of lhe 1o\rer wings are joined to the bolch l ine af ld the l lne
ls at lached to the f i8hing rope. The foot rope ls connected to the
groundrope by the hanging chaln to lessen the tenslon act ing on the
groundroPe.

9l9glql9p9: The groundrope, constructed of lrire' is covered
with snel1 l rheel t i res, steel bobbins, rubber ro11ers, l 'ooden-sinkers,
l ron slnkers, etc.  The ends of the groundrope a..o connecled wi lh Ehe
ground pennants, and the quarter ropes and the f ixtng root of  the laclng
ropes are fixed to the -joining potnt of the wing and lhe celrtra] part of

1 . 5. 2. IIssl_114!s_e.ps .

Prepar:ation fo! shoot{ng out: A11 hands tske lhelr worklng
posit ions and the cod-end is suspended by the cod-end stopper,  ov€r the
sl ipway (Boat runnlng speed ts kept at 3 kt) .

Shoot ins out che trawl net:  The cod-end ls released Lnto the sea
by loosening the stopper on the order,  "1et t r  go" (3 kt) .  The net is
draAAed lnto the sea from the cod-end rtght up to the wings unt i l  both the
net-pendants spread out.  Stop the winch just af ter the tr langl€ i ron
danleno louches the sea surface. Check that the ne! ls balanced and tskina
its propei shape at the surface (3 kt) ,

Paying out of ground cable (hand ropes):  Release the brake unl i l
the kel lys eye cone out of the i r inch drum (2 kt) .  Fasten the ke1Iys eye
lo the back str :op of ot tet  pendants (2 kt) .  Rel€ase brak€ egaln unt i l
the stopper( joining blocks) con€ out.

?reparat ion for shoot ing oul ot ler boards: Independent rope is
released from tooing warp, and {s joined to the top of the otter bracke!
with the C l ink. Then, join lhe warp r lng of the towing \rarp to the top
of the to ing chaln. Slarboard rarp ls \round up gent ly to the point \ rhen
the otter board stopper can just be released. Repea! the same process for
releasing the port  ot ter boerd stopper.

Shool lng out otter bosrds: Both otter boerds are shot out
together lnto the sea ln the ssme rnanner.  Release the r lnch brake psrt ial ly
(5 kE).  P€ytug ou! of rdarps ls temporarl ly stopped et the 30 n mark frorn
the otter boalds and the spreadlng performance of the boards are judged.
Test brake two or three t imes. Then the warp is pald out again with two
or three ternporary stops in betreen to el1ow for the spread of the ot ler
b o a r d .
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Touing the net:  Af ier a predecided lengrh of warps (which
is approxlnately 3 t ines the deprh) is set,  rhe acrual rowing begins
(3 kt) .  Observe th€ slate of towing; neasure the slope angle, the
opening angle of the uarps and the l rarp tension.

Preparat ion for haul ing in:  The cal l  "Stand by haul ing" is
announced usual ly after abou! two hours of tordng: A11 hands then take
up their  resp€ct ive rrorking posir ions for haul ing in rhe net (3 kt) .

H g y l i n g _  i n  t h e  w a r p  a F d  r h e  n e t :  S r a r (  r o  w i n d  , r p  t h e  w a r p s
(z k!) .  when the otrer boards cone up to the stern bulwark, they are
stopped by the orrer board stopter:s.  One by one rhey are fastened and
the walps are then slackened, Th€ rowing \rarps are released from their
respect ive lowing chain shackles and ar€ ioined ro their  respect ive
independenr rope. Thus the shackles ar rhe back srroF Eerrninals oi  the
otter pendants are released fron cheir  resFecriva j , , . l l rs e. , ,e.  T|e
indepen. lent ropes, ground cable and ner fen.tanrs are haule; in unt i t  rhe
qrings appear on the sl ip way. Each \r inA is l iauled onto the deck by rhe
side drurns then the square, be11y and bait ings are hauled onto the ctect<.
The cod-end is l i f ted by a cod tackle and rhe catch is r .eleased onro rhe
deck side conpartnenr by opening the cod end (O kr).

I  . 5 . 3 ,  F i s h i n 8  c r o u n d  a n d  S e a s o n .

Denersal f is i l  are rhe most inrporrant for botrom rraI ' l ing,
Cont inental  shelves, l rhose deprhs are less than 2O0 n in nost cases.
f r . v  a e  ' r a u r a b l e  t i " l , i - g  - r o  I n C ! .

Coastal  and inlet  , raters are ideal f istr ing grounds for shel l f is l r
and seaweeds, they aie also good for sna11 f ishes caughr usualty by neans
of bottom drag-nets. Some pelagic sFecies may be f ished in these r,raters
Eoo. The oaln f ishlng Arounds for rhe high_sea tranl  f isheries are rae
O k h o t s k  S e a ,  t h e  B e r i n g  S e a ,  t h e  y e 1 1 o w ' S e a ,  t t r e  E a s r  C h i n a  S e a ,  r h e
Labrador Sea, offshore waters of Wesr Afr ica, norrhern offshore warers
of South ArDerica and lresrern offshore ! , /aters of Ausrral ia and New Zeatand.
Trawl ing can be operated rhroughour the year except in rough sea condit ions
at cer lain seasons,

The f ishing grounds of Thai t ranlers are strol , ,n in Fig. 1.5.3,
and the Eeasonal pattern for rra\r l ing depends on the monsoons. During
the northeast nonsoon s€ason vessels trawl around lhe east coast of the
Gulf  of  Thai lend and in rhe Andanan Sea. During lhe southwes! monsoon
they trawl around the west coast of the eulf  or near the coast of the
Malay peninsula.



2. FISHINC IOAT

2.1 '@.

2.1. 1. !91:s1!i9a9!l!!:!s-!99!.

The f ishlng boal 1B def lued by S01,AS (Internat ional Convent ion
of the Safety of Ll fe at Sea ) as a vessel used for catchlng f lsh, whales,
6es1s, walrus or other l iv lug resources of lhe sea, but there 1s no cleer
d€f ini t ion. Accoldi f lg to the Flshing vessel Lalr  of  Japan, the
f ishing boat is def ined as a vessel i l )  exclusively and direct ly used for
f ishing, (2) exclusively used for f ishing el th faci l i t ies for preserving
or processing f ish cstch, (3) exclusively used for carrying f lsh catch
or i ts producrs fron the f ishlng ground, end (4) exclusively used for
experlment,  research, instruct lon, t raining, or inspect ion related to
f ishing, with f ishtng Aear.

2 . 1 , 2 .  c h a r a c t e r t s t i c s  o f  f t s h l n g  b o s t s .

A f ishing boat unl ike vessels for passenger or fretght
transportat ion should have the fol lowing character ist ics:  high sp€ed,
good naneuverabi 11ty,  seaworthine6s, wide range of cruising, tough
construct ion, appropriale machinery, refr igerat ing faci l l t ies, f lshing

99!t!!9I!, etc.

2. 1.3. !:1i9!.Pe!-!is9!:i9!:-3!@.

The pr incipal dirnenslons of a f tshing vessel are the length,
breadth, end depth of the vessel,  which ale usual ly expressed es L,B.D.
These I- .B.D. and part icular ly the rat io of L.B.D. are very lmportant
eleBenls for determining the ve6ae1's cepacity and perfornalrce abl l l ty.
LlB, L/D, and B/D are closely related lr i th the propulsion eff ic iency,
strength, and srabi l i ty of  the vessel,  r€specl ively.

2 . 1 . 3 . 1 .  P l i n c i p a l  d i m e n s l o n s .

1 )  L e n g t h ,  L  ( F i 9 . 2 . 1 . 1 . . ) .

's)  
Length overal l ,  LOA: This is th€ horlzontal  distence
between the fore end and the aft  €nd of rhe boat-

b) length between perpend lculars, Lpp: This is th€
horizoutal  distance between the fore pelpendlcular (FP)
and lhe aft  perpendicular (AP) et the designed
water l ine ( l ,WL).

c) Registered length: This length var ies accordiog to the
regulat ions of each country.



2 )  B r e s d t h ,  B  ( F i s .  2 . 1 . 2 . ) ,

This 1s the horizontal dlstance of the breadth io the
t.lde€t part of the vessel.

3 )  D e p t h ,  D  t F i g .  2 . 1 . 2 . \ .

This is the vertical distence from ihe base lln€ to the
upper surface of the upper deck bearn on the shtp'8 stde.

2 . 1 . 3 . 2 .  F { n e n e s s  c o e f f i c i e n t s ,

Some vessels are fet  ln shepe whi l .e others are thl [ ;  Shiprs
shepe ls compared by l!9!glgl*ll:gg!€. The flneness coefficlentg
conprlse block coeff ic ient,  pr isnet lc coeff lc lent,  l l idshiF coeff ic lent
and nacer pl6ne coeff ic lent,  (-FIge, 2,r . ,3,  (e) -  fd)) ,

1) Block coeff ic ient .Ch)

Where, V, L,  B
the breadth (n) and the

2) Prt!:natic

@

coeff icLenr C )

and d are the dl8plecenent
Craft  ( l l ) ,  respect ively.

( .3) ,  t t .  length h),

I
' F  A  x  L

€)

ls the oidshtp s€ctlon erea (m')

3) Mldshto coeff lc ient (C^ ) .

@
.B
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4) Water plane coeff ic lent (C!r) .

l x  B

nh€re, Aw ls the I'ater plane area {.2)

5) Relat lon between rhe coeff lc ients.

Cb - cp t c@ and Cb< Cp< 
%

6) Flneness coeff ic l .ents of f ishing boat3

The f ineness coeff ic ient of  a f ishing boet ver les rr i th the
t y p e  o f  f l F h e r i e s .  ( T a b l e  2 . 1 . 1 ) .

7 .  1  . 1  . 3  .  T o n n a g e .

1 )  c r o s s  t o n n e g e  ( c . T . ) .

The size of a f lshing boat is usual ly expreased in terms
of c.T. The oethod of tonnage n€asuresent diffets con-
side:ably fron country to country.  for tetge size f ishtng
boats, horrever, the itrEernatlonal method for tonnag€
measulement ls coming lnto force (Ilrt€fnatlonal Convention
on Tonnege Meesurement of Ships, 1970).

a) Internatlonal fofinule for cT measurenent of fishlng
bost more than _?1gb_E!gl!\.

G I  ' ( V

where, V ls the totel vohrlte of ell enclosed spaces of
b o a t  ( m 3 )  a n d  K  =  0 . 2  +  O . O 2  l o e t o v  ( T a b l e  2 . 1 . 2 . ) .

b) Curren! foftula fcir cT n6a6urenent of snall fl8hhg boetB,

The follostng fon rle ls ueed only in Vietnar0 aad Thellsnd.

cr =(s+-3) x rxc
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rihere, P ls lhe periphery neasured around the rnidshlp
sect ion of lhe hul1. In vietnam, P is direcl ly
meesured, tr 'h i le in Thei land, ? is d€r ived frorD lhe
f o l  l o w l n g  f o r n u l  a :

p  _ ( B + 2 D ) x C r

lrhere, CL is 0.85 for dlsplacenent ho1l,  and 0.90 for
f lac boleon hul l  coustruct ion. C is def ined as fol lor,rs i
in Vietnam, 0.060 for s wooden boat and 0.064 for a steel-
boat,  whi le tn Thai land 0.058 for a l rooden boat and 0.070
for a steel boat.

2 )  N e t  t o n n a g e  ( N . T . ) .

By lhe net tonnage ls shown lhe v61une of a boat which is
dlr€ct1y used for the purpose of the operat lon of the boat,
rrhereas by CI is sho&m the total  volune of the bost herself .
Therefore, l . {T is obtalned by srbtxact ing the yolul l le of the
fol lolr ing spaces froln the total  vo1urc of the boat (nJ):
accordodat ioo, chart  roon, steering gear room, engi.ne room,
e t c .

3 )  D l s p l a c e m e n t  t o n n a g e  (  A  ) .

Displacenrent tonnege impl les the weight of a boar and varies
rr i th the quant i t ies of fue1, \rater,  crew, f lsh catch, etc.
losded aboard the boat.  Thetef,ore, displacerneot aonnage shouLd
be discussed constdering the loadt l lg condj t ions such as l ighr
or ful1 loed€d.

4) Dead weieht tonnase (DW).

Dead weight tonnage is the naxinun,\reight of  f r le l ,  $ater,  crelr ,
f ish catch, erc.  capable to be loaded on bosrd; In other words,
the d€ad \relght tonnage is the di f ference behreen lhe dis-
placehent tonnages at l tght and ful1 load condi l Ion.

z .  r , 4 .  r e r m l n o r o g y .

Listed below is the essent lal  terdinology used for f ishing

1) !I99I: Sh€er refers to the upnard curvature of both fore end
s f t  d e c k  ( t i g .  2 . 1 , 1 . ) .
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2) Bean canber:  The arc-shaped curvature of a vessel deck
i s  c a l l e d  b e a m  c a n b € r  ( F i g .  2 . 1 . 2 . ) .

3 )  R i s e  d f  f l o o r :  R i s e  o f  f l o o r  r e f e i s  t o  t h e  d i s t a n c e
b e t w e e n  t h e  b a s e  l i n e  a n d  t h e  i n t € r s e c t i o n  o f  t h e  s i d e
p l a t e  a u d  l h e  b o t t o n  f l a r e  ( F i g .  2 . 1 . 2 . ) ,

6 )

5 )

7 )

9)

tD )

8\  i ia tch aad companion:  Hatches are the openlngs on the deck
r jAht  above the holds.  Cornpanions ar€ the sta i rways through
whlch cre! ,  menbers pass d i rect ly  f ron a lower deck to the
weather  deck,  doors are prov ided for  i t .

B J l g e  c i r c l e :  A t  t h e  n i d s e c t i o n  o f  a  v e s s e l ,  a  p a r t  o f  a
c i r c l e  i s  u s e d  a s  t h e  c u r v e  a s  s h o r ^ r n  r : n  F i s .  2 . 1 . 2  a n d
i s  c a l l e d  t h e  b i l g e  c i r c l e .

A . P .  a n d  I . ? . :  A . P .  r e f e r s  t o  t h e  a f t e r - p e r p e n d i c u l s r  a n d
f.P. the fore-perpendicular at the ends of the designed
l ' a t e r i  l i n e  o f  t h e  b o a r .  ( F i g .  2 . 1 . 1 , ) .

Superstructure end deckhouse: Supersttucture and
deckhouse are bui l t  on the main deck, the forner
strengthens the vessel and exrends from porr to
slarboard, forning a cont inuous f loor deck. the
lat ler is also but l t  on the deck but does no! touch
€ i t h e r  s i d e  o f  t h e  v e s s e l .

sulwark and hand .ai1: Bul l 'a.k is a ferce- l ike structure
bui l t  on the uealber deck along the vessel s ide, l rhich has
stays and outer place. Hand rai ls ar:e nade up of metal  bars

Draf t  and f reeboard:  Draf t  is  the ver t ica l  d is tance rneasured
between the \ rater  sut face and the deepest  Far t  of  the hul1
ly ing , rnder  water .  The dr iaf t  nay be measdred at  an) .  speci f ied
posi t ion sncl r  as the fore,  af t  or  midship.  Freeboafd neans
the ver t ica l  d is tance neasured between lhe upper deck gunr! 'a1e
a n d  t h e  v a c e r  s u r f a ( e  a r  h i d s h i p

Deeptanks apd t 'a l last  tanks:  DeeJ,  tanks are the extremely
/ e e T  c a n i s  i ' r i l t . j n  a <  a n  i n L a g r a l  p a r r  o r  r l e  h r l l .  I l a l l a s (
t a n k s  a r e  t l o s €  i n  r \ i c l \  s e a  J a t e r  o r  f . r e l  o i l  i s  l o a d e d  t o
a d j u s t  t h e  v e s s e l r s  c e n t e i  o f  e r a v i t y .
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2 . 2 .  I n s t a l l a t i o n s  o n  F i s h i n g  B o a l s .

2 . 2 . 1 .  E q u i p m e n r  a n d  i n s t a l l a t i o n s .

General  arrangements of f ishing boats are sho$n in Fi8. 2.2.1.
Major equipment and irs!al lat ions f ixed aboard a f ishing vessel are:

1) Steering gear;  rudder,  steer ing tnachlnes '  steer ing
€ n g 1 n e s ,

2) l4ooring arrangenents, anchor,  chain, windlass, fair  leader,
m o o r i n g  p i p e ,  b i t l ,  b o l l a r d ,  c a p s t a n ,

3 )  l , i f e  s a v i n g  a p p l i a n c e s :  l l f e  j a c k e t ,  l i f e  b u o y ,  1 l f e  r a f l ,
I ; f e  b u o y  f l a r e ,  l i f e  b o a t ,  b o a t  d a v i t ,

4) Cargo gear;  derr ick, calgo winch,

5) ?iping arrangernents; bi1ge, bal last,  airr  sanitary water,
f r e s h  $ a t e r ,  s o u n d i n g ,  s c u p p e r ,  h y d r a n t ,

6) Fire exist ingLrishing appl iances; f i re alarn, f i re
exist inguisher,

7) Vent i lat ion and l ight ing arrangenents; natural  vent i lat ion,
mechanical  ventr lat ion, l ight ing, air  condit ioning,

8) Engine room aniangenenLs; nain engines, auxi l iary €ngines,
6 ,  p r r l n p s ,  s h a f t i n g ,  p r o P e l l e r ,  e t c .

9 )  E l e c t r i c  i n s t a l l a t i o n s ;  n o t o r : s ,  s w i t c h  b o a r d s ,

10) Radio instal lat ions; \ r i reless telegraph, i ,Tireless telephone,
d i r e c t i o n  f i n d e r ,  r a d e r ,  1 o r a n ,  f a c s i f l i l e ,  r a d i o  b u o y ,  e t c .

11) Navigal ion instruments; gyro conpass, nagnet ic conpass,
track recorder,  dr:af t  gauge, pressure logr electr ic
thermoneter,  c lear vlew screen, hel ln indicator,  etc.

12) Fishing gear;  t ra\r l  winch, net hauler,  l ine hauler,  elc.

2.2. 2. !!q9l:9si9-!99i.Pr94.

Since lhe f i rs!  use of a radio direcl ion f inder at che
beginning of rh€ 20th century, other important radio equipnenl has been
developed. This includes Radar,  Loran, Decca, onega, etc. ,  al l  of  which
are widely used in f ishing boats to-day to ensure safe navigat ion and
t o  c o n t r i b u t e  t o  L h e  e f f i c i e n c y  o f  f i s h i n g  o p e r a c j o n s .



3 1

Fish f inding technlqres by means of
es f lsh f inderr sor lar,  net moni tor ing devices
and are eldely used thr:oughout the l ror1d.

2 . 2 . 2 . 1  R a d t o  d i r e c t i o n  f i n d e r .

1. Watching the sei l ing route of or{r  ship and Chose of other
B h i D s .

acoust ic devices such
ar€ also rapidly develot ing

A radio direcl ion f inder (RDF) consists of a !oop antenna
and e radio recelver.  Almost any radio si th a loop antenra can be used
as e RDF. For €xample, when e loop-equlpped table nodel or portable
rsdio is rotated 360 degrees, the signal pick€d up r i l l  be ninimun at
lqro points.  This is due to the direct ional chariacter ist j  cs of loop
antenna. By takinA tbe beering from t\ro or thlee radio stat ions located
at knor.m posit ions we cen provld€ a polnt in lersect ion on the sea chart .

A ship or a radlo buoy transniltlng radio slgnala can be
located by uslng a RDF, Thls is very useful  in rescue nork because the
3h1p in distress whlch is sendlnS emergency or distreEs signals can be
loceted. oceen gotng ships lerger than 1600 G.T. nus! 1nstal1 RDF
eccording to sn Internat ional Coiweat ion, r 'SoLASrr.

On the othet hand, RDf is rsed not only as navr:gat ion equipnent
but elso for f indlng f ishing Srounds because the f isheffren can knor the
dir€ct ion of other boats l rhich are sendlnc jnfonnat ion abo, l t  f ish catch

2 .2 .2 .2 Radar,

The term MDAR is derived fron Radio Detect ing And Ranaing.
B y  t h l s ,  i t  i s  p o s s i b l e  t o  d e t e c r  t h e  p r e s e n c e  o f  o b l e c t E  a n d  t o  d e t e r n i n e
C h e l r  v e l o c l t y ,  d i r e c t i o n ,  a n c l  r a n g e  ( d i s t a  c e ) .  I o  a d d i t l o n ,  r o u g h
analysis is posstbly nade by sone tyFes of radar systens on the compo-
sl t lon of the detected obiect,  Radar ai . ls a nurnber of ships to navi gate
ln an area of poor vis ibi l i ty,  beca,rse n' i th radar the ob. jects can be seen
on the screen thEough the dark, as sel l  as through rajn and fog.

Main uses of Radar:

2 . C o n f l r n a t i o n  o f  s h i p ' s  p o s i t i o n .

P r e v e n t i o n  o f  c o l  l  i  s i o n s .3 .

I f  the t imeT sec, is required for radio l raves to reach and
bounce back from such an objec! as a mountein, the round tr ip distance
traveled would be T x (3 x lob) n, because the speed of a radio rave
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though the air  is 3 x
radar and the object

2 .2 .2 .3  Lo ran .

n/sec. Then the distance D between the
be calculated by the fol lo ir tng formula;

10"

Th€ Decca navlgetion ayatem rrae lntroduced fot ptacticel uge
In 1948. Thts aystem con3lsta of three to four 6hore rsdio atatioDs
a:rranged to folo e chei[. lhe fir3t chain of stations ,aa established
ilr England ln 1948 and was fo11o!Ed by chsins ln other Europeen countrles
such es Gelnany, France, Sreden, Spein end l tely,  In the Eaat,  [o8t of
Japen ls alreedy covered rrlth Decce systed aervlce areaa. If the Decca
chaln is s€t up in the Southeast Aslan aree, it r'ill be of Ireet help to
every ahlp opeleting in the region.

D= rx(1  x  rob ( ln  nerer )

Loran ls an abbrevlallon of long Renge Navigation end i3
classi f ied into two syBtems (Irraa A and C sysEems). The Loran syslem
is bssed on che princille that the radio eeve goes thtough the eir with
a knonn constant speed.

Determinat ion of posl t ion by Lolan systenl

l. Fron the two knowfl Lotan stetlons loceted on ahore,
synchlonlred constant repet l t lon rate pulse signals
are transmit ted with the sarne frequency.

2. A ship instal led Loran f tceivea: the ebove algnals ebd
the t ime di f ference betneen indivJdual pulBe Bignal6 is
measured.

3. Fron the knorn positlons of the above land stetions end
their  sFchronous relat ion, the locj  of  FulEe arr ivtng
t ine di f ference is calculeted and ere prepered on the
Loran charE or lhe table for pract icel  use.

4. By obtatnlng arother mP ( l ine of postt ion) Beparately
- f rom the l lne obtained by estronorhlcal  observat ion,

RDF, Radar,  etc.  err  lntersect lon !r{ th the LOP glven
from l-oran can be plotted. Thls inlersect ion provides
the ship's posi t ion.

The servlceble range of l .oren sy6tems for posl t lon determinet lon
is normal ly $i thin 700 miles in dayt ime and 1400 nt les at night t ine.

2 . 2 , 2 . 4 ,  D e c c a .
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Th€ pr inciple of Decca navlgat lon system is one of the
hyperbola navigat ion syslems l ike the Loran A and c systems. Three
colored lOP ls pr inted on a chart ,  cal led the "Decca chart l .  The Point
of inter6ect ion wi l l  be given by reading two or three f iSures lndicated
on the recelver.  This glve6 lhe ship's Posit ion.

2 . 2 . 2 . 5  F l s h  f i n d e ! .

A f lsh f inder ls used to measure the dePth of th€ ocean snd to
derect the f ish shoals.  Thls apparaLus is designed to radiate sound
wsves through the l rater,  and the ref lect lons fron lhe bolton and f ish
shoals ar€ gent back to a recorder or an lndicator.  The return t ime is
processed electr ical ly and recorded on s Paper:  or displeyed on CRT
(cathode-rey tube).  The pr inciple of echo is adopled the same as in Radar.

The tel ln SONAR stands for Sound NaviSat ion and Ranging, and i t
includes al l  under ratex acoust lc systemB used for detect ion and locat ion
of under- l rater objecrs, tho'rgh, recenl ly th€ term Sonar has been used ss
en echo sounder for hol izonlal  detect ion in a narrorrr  sense.
The Sonar records or displays the ref lected wave f tom an object under
the water on e recordlng paper or a cathode-ray tube (CRT) by Bcanning
the transducer horizonlal lv.  Recent ly,  mos! Sona! has been designed to
use ln ei ther l ray, hor izontal  or vert lcal .

2 . 2 . 2 , 7  N e t  n o n i t o r i n g  s y s ! € m .

For successful  t rawl ing, i t  ls important !o l . .nou lhe net mouth
perfordance under towing. Thts system gives informacion concerning both
the net nouth height and the f ish shoals enter ing the net and records
tt  on a r€cording paper or displays i t  on a CRT.

2 . 2 . 2 . 8  O t h € r  e q u l g n e n t  ( o m e g a ,  F a c s i m i l e ,  S a l e I l t e  N a v l g a t i o n  s y s l e n ) ,

These pieces of equipment have already been adopted in some
d e e p - B e a  f l s h l n g  b o a t s .

A var lety of electronic equiFnent has been adopted in many kinds
of f lshlng boats. Horrev€r,  lhe most sui table equlpmelrt  should be chosen
ln a prope! inanner considerlng the purpose of use snd economical investment,
otherr ise the equiFnen! wi l l  be a useless possession.

2.2 .3@'

The terrnrrknot|  ls used as the unit  speed of a vessel.  one
knot is the 6peed travel l in8 l  naut ical  mi le per hour,  end is 1,852 m/hr
i l l  the metr lc systen.
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Anong exist ing vessels,  deslroyera can reach as hlgh a speed
as 40 knots (appror.imately 74 tun/hr) and ocean liners 33 knots (approximate-
1y 51 Krn/hrs).  The fasteet f lshing boat has a speed of rdore than 20 knots,
whi le most f ishing boats have maximum speeds in the range of 8 to 12 knot8.

The speed of vessels cannot be compared in absolute value
becaus€ the problen of wheth€l a vessel is faster or s lorer has to be
di6cussed in conparison to vessel s iz€. I lere, the speed length ral io

( Y ,  vhere v is the speed in knots, and I  the length in n. or feet)  is

, lL v v
u 6 e d .  T h e  v e 1 L r e  o f  _ -  s h o w s  t h a t  $ h e n  3  =  1 , 4 4 a ,  ( 0 , 8  l n  f t .  u n i t )

,'L ,ll-
the speed ls below the average (slov),  ehen i  = 1.811, (1.0 in f t .  uni t)

the av€rage (nornal) ,  and wlen 
, i  

-  2.173, (1.2 in fr .  uni t)  above the

a v e r a g e  { h i g h ) .

there is a l in i !  to the speed to be obtsined. I t  Esy be attahed
probebly up to 2.7 x JT, (r t r)  in knot i f  care is taken of boa! shape and
a high pordered englne iB used. l lo lrever,  i l  is almost impossible !o ge!
the speed of 3.6 x {-r ,  (m) ln knot.  The lengths required for a boat
calculated for di f ferenr speeds using Vl , /  L = l .O are tabulaled belo\r l

speed (knot) lenBth required for boat ( fr . )

6
7
8
9

10
1 1

6
7
8
9

10
11

6x
7x
8x
9x

10x
11  x

=36
=49

=81
= 100
- I2r

For increaslng the 6peed of a boa!,  l t  ls deslrable to increase
the length of the boat rather then the po\rer of the engine. llere let us
conaider the fol lo\ . lng example using M.V. Queen !1ary (U.K. Ocean l tner),
Civen condit lons ar€ gross tonnage: 80,000 tons length: 975 f t , ,  and
s p e e d :  3 1 . 6  k n o l s .  T h e  v a l u e  o f  V  :  3 1 . 6 31  . 6

'[ 975 31

Therefore, 31.6 knots is an economical speed for such a huge length of
b o a t .

Although the absolute speed velues of a f ishing boa! seems to
be lorr ,  the speed ls relat ively high because the length is smal1. Table
2 . 2 . 1  s h o w s  t h l s  r e l a t i o n s h i p .
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2 .2 .4 .@.

the relatlon belweed horaepoeer end speed cen be 8lvan by
lhe followlng equatiodi

Af v '
IHP =

IltP x C

The appllcetion of

aI

rhere IHP, A , V and C are the lndlcated hors€power, the dlsplacenent
ln ton, the speed ln knot, the adnlralty coefflclent (nearly 80)
reapect ively.

The addtral ty coeff ic lent is an lnportant constant used ln
esthreting the horgeporderwhen planning a nerd vessel, 4nd Is uauelly
obtainable fron the data of slnllar exlstlnc v€ssels ln ehlch are
lnatalled alDilgr engines.

lfith increase of Bpeed, horsepotrer increaaes proportionally
to the cube of,  the Bpeed. Thls relet ioo ls wel l  p: iesented by a
horsepotrer curve agalnst speed tn Fig.2.2.2, here the slope of l t?
becmes steeper and ateeper rlth increaalng speed. It 16 understood
that ther€ exists a Daximrrm speed lleit for the slze of vessel, atrd
that ftnelly speed does not increase et sll even thouSh the horsepower
1nc!€asea.

fo lncreeae horsepo*er to nor€ than the usuel leve1 leads
trot odly to overload of the englne, but also to exc€Bllve cotrgiioptioa
of fuel oll nlthout eny eppreclable galn of Epeed. lherefore, 1t is
ell'ays necesgary to bea! ifl mlnd the reletton between reaso$able
hor6epower and speed.

tP V curve, glveo by table 2.2.2 (o.)
a \  yL

lB very uaeful f,or
poser, length, etld
thls calculatlon ss

lmredlste ftnding of the relatlon of speed, hors€-
di3plac€ment. Aeble 2.2,2 (b) can be applled for
ne l1 .
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2,3. Various Types of Fiehing Boats.

2 . 3 . 1 ,  T r a I J l  b o a t s .

-;--

Traw1 boals have long L, s l lght ly l larron B, and deep D.
The block coeff ic lent CI.  should be as smal l  as posslble, and the aft
drsf t  as deep as possible. Lnger L slgni f ies an advdntage for
keeptng high speed and so does the narrow B, though this r .esul ls 1n
uneaslnega i l l  stabl l i ty.  Deep D glves enough power to drag lhe net
and good stebl l i iy.  The center of gtavi ty C is placed as 1ow es
posslble ln any case. When dragging a trs lr l  net,  rhe resistance due
to net increases. Therefore the propel ler should be large in slze to
give enough thrust for dregglng the ner.  Consldering the above, a
]olr-speed engine !'llh controllsble pltch propeller ls recorfirend€d.

Character is l lcs reauired for Trawler:  The vatue of CTl(L x B x D)
f f i  s r a b J t l r y ,  t h e  c e n i e r  o f  g r s v t r y
should be located as 1o!r es po6slble, and dlaft  should be as deeF as
posslble. Some other cherabter ls l tcs are given tn Tables 2.3.1. and
2 . 3 . 2 .

Machlnes and apparatus for fishlng tncluite trawl I'lnch,
8a11ows rol ler (center and stde),  gal lol ls top rol ler,  f lsh tackle.

Palr trawlers and nedlum size t lawlets.

lhese trawlers are gtven in Tebles 2.3.3. and 2 J:T.

The palr trawler and lhe nedtum slze trewler have developed
fron the traditionat snlell slzed trardlers lrhich have fished by sailing
or rowlng and haul lng nets manual ly for hundredB of yeats. pair  t rewlers
operat lng in the East China Sea are most ly of 75, 95 and 130 gross Eo$s.
On the olher hand, rdediur size trawlers ere s1lght ly snal ler than rhe
former and range fron 15 lo 100 gross tons. ceneral ly speaking,
lhis type of boat hss compsrat lvely narlow breadth and large draft
espectal ly af t  to assure pouerful  drag. The propel ler,  thereforet should
be lalge in dianeter and the rolat ion mtnber should be smel ler.  Thts
type of boat has a sna11 f lneness coeff ic lent.  The character ist lcs of

Theae t\do types of trawler sometines encounter gea accldents
becsus. of rough \reather,  poor stebt l l ty and ovel loadlng of f lsh. Moreover,
fishidg gear and flsh storaSe boxes are placed on the upper aleck and rhis
makes lhe posit ion of c hlghe!.  Navigqt lonal tnsttuments euch as
direct lor f lnder,  loran, rada!,  etc.  are tostal led above d€ck 1eve1. By
regulal ion, Japan€se rrael f tshtng boats are required ro ful f i l l  the
condlt ion that the metacenter height cM should be larger than the two
quant l t ies, def lDed as fol lows:



OU>B x -:_ + 12 (In cD)

cM>L x -L + 12 (tn cn)
r50

(1 )

(2 )

Th€ abov€ rclatlon ls sppltcable to other types of ftshtng
boet €r.cludlng lrurse sel.Ders atrd bonito engling boets.

tror the bosl whose breadth B is nore than 7 neters, the
follontrg are epplled:

GX>(B - 7OO) |( : + 40 (tn cm) (3)
t2

ou>(L - 4200) r( a + 40 (h cn) (4)
72

Freeboard ahould be greeter then (D x ! + 15) ln centlmeter
25

for steel boats, and should b€ greeter than (n x I t 20) in centlmetet
'  15

for lrood€n boats.

2.3.2. PrirEe seloers.

The slre of purs€ aeLnera renge! ftom 5 to 250 tons, thouSh
Dat of theo a!€ less than 100 tona. In order to keep good naDeuverablllty
It ls d€sLrable that the length of the boet ls not too long. During fiBhing
operetlona the stsblllly of the boe! 16 pertLculerly ftnportsnt because nost
fiahereen asseoble on one slde of the deck.end Doteover purslng ls done on
thc aee€ aide. fherefor€, the breadth of the boat 6hould be large enouSh,
tho depth should not be very deep, beceuse shellow free board ls plefereble
for the purse s€tne oDeratlon. Thls shallotr freeboard sen/es !o ke€p the
posltlon of C (center of gravity) lor.er.

Characterist lc6 requlred for purse selner: Charecterlst lcs requlred for
purse 6er.ners are given in Fig. 2.3.1.



The length of Glt Bhould fulfill ttt. foll<*tng rEilttr€tilints :

+ 27 (tn d^ - -  B

cM > -l- + 27 (1n cE)
L20

(5 )

(6 )

turning circle cspaclty 19 nost lecedasry and some e:€mp1es ate shoBn
i n  l a b l e  2 . 3 . 5 .

2.3 .3 .@'

These boats raBge in size from about 20 tons for small boata
to abou.t 800 tons for 1a!ge steel boets, They are compaiatlvely large
tn length and depth. the pl lncipel dlmenslon6 and character lst lc6 ele
1 l 6 t e d  i r l  T a b l e  2 . 3 . 6 .  a n d  2 , 3 . 7 .



3. MARINA ENGINESRINC.

3.1. Introduct lon and Ship's Colstrucelon.

3 . 1 ,  L  l n t r o d u c l l o n ,

l.{erln€ enginecring ls thet pait of engineerlog technology
dealing rftlh the dachlnery used on board a ship. A ship mey be defined
aa a ves6el which 13 capable of lndependent operat lon.

3.r.2. !!LP-s9sg:!9119!.
A ship ls essenl lal ly a walert{ght box. In a netal  ship,

both the slde8 and the bottom consist  of  shel l  plal lngs, and the l ine
nhere each 31de and the bottom neet ls cal led the turn of the bi lse.

The top of th€ bo:( is the oain deck which is the upper nost
cont inuous deck. The nain deck ne€ts wlth the sides at th€ gunwele.
Shel1 plates ar€ Joined together to form long horizontal  str tps of
plat lng, and each str lp ts cal led s strake. Essent ial  st takes are the
bllge and sh€er strake. The folloying are corErotl tefins used for the
parts of a shlp:

l )  l tu l l :  The hu1l ls the ship's shel l  f rom the keel to
rnain deck.

2) I :99!8: FrasinS ls rhe skeletor structure of e ship.
the keel snd frames form the backbone and the rlbs of
thls skeleton, respecl ive1y.

3) Double botton: A double bot lom forns the interspace
bebreen the lnner and outer botrom layers of a ship.

4) - ! f l ! !94: Bulkheed8 are vert ical  part l t lons of a ship,
and are claasl f led into two groups: satert ight structural
bulkheads and non-caterrlght bulkheads.

5) -pgS!:  Decks are horizontal  dlv is ions in a shlp, and
tnclude oaln deck, forecast le deck, poopdeck, super-
structure deck, etc,

6) E*IE: The br{d8e is the nosr inportant part  of  a ship.
A shtp ts control led fron the br idge.

7) 3!gi!g_lgg: The engln€ roon ls e cdpertment r.here the
main and aur(lllary riachlnery ts installed.
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E) bEg.t f6Dks for pertlculet purpor6s.re instelled oD
board; 1.e., fotcpesk teDk, eftpeak tent, doublo boEEd
tank, daep tank, fxesh-weter tark, ,ea-r.at6r taDk,
fuel-oLl tenk, lubrlcatint-ol1 ta!k, etc.

3.2. Maln Epalae end Auxll lery Englne.

Uarine enginea ce$ bo clasBlfled loto tr|o grouprt Deir| englned
and auxlllery englnes.

3.2.1. g!g_919!9.

the Deltr enghe ls used for the propulalon of e shtp. Thts
lnclud€B -(1) steaD enSlne (reclprocstlnS en8itre end turbtne r.Ith boil.r),
(2) dte6e1 englne, (3) gas tulbine, srd (4) nucleer poweled .ngtne,

3.2.2. @ll l tary eastne.

An auxlllery englne {s a1$ay6 operated at e constent speed for
drlvlng an electrlc generetor,

3.3. Stendard Cycles for sn Internel Copbust ion gnglne.

_ AB atat€d prevlou8ly, verlous types of [arine englnes ere ln
uae on board. The lnternal cobbustlon eng{n€ (IC englne) ia c@only
used for nedluD slz€ ahlps. As the rorklng nedia paiees through the
€nglne aod co|Dbustlon tek€s Dlac€, theroll and physlcal chenge; occur
ln the c$glne. These chanS€i Day be cerrled out tn e dlffer;nt Eanlrer
accordlng to the r€Bpective cycles described below.

3.3.1. .9999, ctc+. lhe Otto cycle ls a cycle for rhe sprrk t8llltloD
cn8loc (SI engin€), this cycle 1s grephically ehorn in i fg. : , : . f .  fh.
proceaaed of the cycle a!e:

e) Igentroplc ptocedr, I-2 (Ftg. 3.3.I),  Coopresolon lekes
pleco.

b) Conatent votuDe process, 2-3 (Fig. 3.3.1), Heet is Bupplled
lnatenlaneously,

c) I6eotroplc process, 3-4 Gfg, 3.3.f).  B{peDsion takes plece.

d) Congtant vol ime process, 4-1 (Fig. 3,3.1), t telt  is rej6cied
idstantaneous ly.

The exhaust stroke, l-e (ffg. 3.3.1), and the intake strokG,
a-I (Ftg. 3.3.1) fol low the sane peth but in opposlte dlr€ctLons and
epp6a! a6 a horizontel l lne on the p-v dlegran, Therefore, the effects
of lhese tuo ptocessea do not show any loai or gefn f" eneigy,- iheee
tl,o atrokea aie Dot u8ually 6houn otr th€ p-v dlagraD.



I I

3.3.2. Diesel cycle. The dtesel cycle ts the cycle for coopreseion
ignltlon en8lfle (CI englne). The cycle ts shor.n glephlcally on the p_v
dlaSren ln Fig. 3.3.2. The dl f ference beteeen the Otto ard Diesel
cyclea occurs ln the heat supply proc€ss. In the Otto cycle heat ls
aupplled at a con8ta6t vohiro€, ehelees ln the Diesel cycle heat supply
la nad€ et a conatent presaure. The rctuel SI snd CI engln€s heve
other dl f ferences tn coDplession rat io,  one of whlch iB that the dl€sel
engine Is htgher ln conpertson eith that of the Sasoline engine. Th6
Diedel cycle has the fol lowtng proceslresl

a) Isentroplc process, 1-2 (Flg. 3.3.2). Conpresston rekes
p lace .

b) constent pressure Proces6,
suppIted.

2-3  (F i9 .3 .3 .2 )  .  Hear  I s

c) Isentroplc process, 3-4 (Ftg, 3.3.2).  Expenston rakes
p l a c e .

d )  C o n s t e n t  v o l u n e  p r o c e s 6 , 4 - 1  ( F t g ,  3 . 3 . 2 ) .  E e a t  l s
rejected.

3.3.3. Sehrh6 l l lq!9. A dlesel engin€,s
3aid to be lhe conblnst lon of the consEanr
Presaure proceaa; ln thls sense, th€ cycle
or the conposit€ cyc1e. The cycle is also
ha8 th€ fol lonlng proces6es:

cc'obuatlon process caa be
voluoe and the constent
1B celled the duel cordbu6ttoD
celled the Sabath6 jycle and

a) Isentroplc ptocess, 1-2 (Flg, 3.3.3).  Conpre6si.on tekes
p 1 a c e .

b) Consrstrr  volume process, (2-3 (Frg. 3.3.3).  A psrr of  rhe
hest is 6upp1ied.

c) Conatent prelrsure process, 3-4 ( f f8.  3.3,3).  The reeaintnS
part  of  the heet is suppl led.

d) Isentroplc process,4-5 (F18. 3.3.3).  Er(penslor tekes
plece.

e) Constsnt voluDe process'  5_I (Fig. 3.3.3).  Heer ts
aeJected.

The difference between this cycle end the prevtously oentloned
trro cycl€s ls ln the heat 6upp1y process; the Sabeth6 cycle.s hear 1s
6uppl led et both constant volude end congtsnt pressure procesees whereas
1i_!F-: . ! : I  cas€s heat is suppl led ar rhe coD;rant volurne proceas or tneconstant Pressure proceas.
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The sI and CI engin€s operale on the 2-stxoke cycle (one
poger stroke for each revolut ion of the crankshaf i)  or lhe 4-stroke cycle
(one pouer stroke for ev€ry t l ro revolut ions of the crankshafr) .  However,
lhe engine ahrays i rorks on the sane four Ptocesses, viz. ,  in lake, con-
pression, exPansion (power),  and exhaust.

3 , 4 . 1 .  C y c l e  o f  4 - 6 ! ! 9 ! e  c y c l e  e n s i n e .  ( F r g .  3 . 4 . 1 ) .

f)  Intake stroke: Intake valves are opened and exhaust
iifiEi-iidiT""ea. rhe piston, as it noves do\"'n, takes in
a f lesh mixture of fuel  and air  ( in diesel engines only
f r e s h  a i r  l s  t a k e n  l n ) .

2) Compresston stroke: Bolh valves are closed and lhe chsrge
is compressed by the uplrard not ion of the plston.

3) Expanslon stroke: Both valv€s are closed, and the con-
pressed charge is iSini ted by the spark plug ( in a dlesel
edgine, fuel  is in ject€d into the conpressed air) ,  snd
the expanding gases force che piston to move downwalds.

4) Exhaust stroke: Exhausl valves are opened and intake
valves are closed. The products of combust ion are forced
out through the exhaust valves by the piston's up\rard
motion.

3 , 4 . 2 ,  C y c l e  o f  2 - s E r o k e  c y c l e  e n g i n e .  ( f i 8 .  3 . 4 . 2 )

1) Intake and compression strokes: The exhaust valves are
opened as the piston moves tolrard the botton dead center,
the intake port  ls ulcovered and alr  is introduced into
the cyl inde! under the pressure which is forclng the
remainlng exhaust gases out through the exhaust va1ve.
Then lhe exhaust valve closes. The pislon travel l ing on
lhe succeeding stroke to$ard ihe top dead center closes
lhe inlake port  and cornpresses tha alr- fu€1 mixture
trapped ln the cyl inder (only air  in diesel engine).

2) Expansion end exhaust strokes: The spark of the plug
(fue1 injectton in a diesel engine) ignl les the compressed
nixture and lhe expansion forces the piston to nove
dol 'n\" /ards, Just before the plston uncovers the intake
port ,  the exhaust valve opens and a part  of  the exhaust
Sases escapes through !h€ exhausc valve olr ing to the
pressure di f ference inslde the cyl inder and the exhaust
menifold.  Th€ remaining parE of the exhaust gases are
clear€d out by the pressute of the inconing air .  Thus
the cycle iE repeated.



Owing to lhe excessive loss of cotnbus! ib1e mixture escapina
wlth the gases, the 2-srroke cycle SI engines are not wldely used,
except ln some outboard molors and notorcycles. Therefore, nost SI
engines operate on th€ 4-etroke cvcle.

On the oth€r hand, 2-st !oke cycle CI engines take ln air
only,  lnto whlch the fuel  ls ln jected after lhe exhaust valve i6 clos€al.
Consequent ly the 2-stroke cycle CI engine ts widely used as is the
4-stroke cycle CI englne.

3 . 5 .  c a s  T u r b l n e .

The gas turbine is used for the propulston of a ship and for
the dr iv ing of eleclr tc generators on board. The pl i l rc iple oi  t te gas
turbine working cycle is simtlar to that of  rhe IC engine. The gas
turbine consists of a rotary compressor,  coftbust ion chamber, gas'gen_
erator,  and power turbine.

T h e  c o n s t r u c t i o n  o f  r h e  g a s  t u r b l n e  i s  a s  f o l l o w s  ( F i 8 .  3 . 5 . 1 ) :

1) Cgnpressor:  The conpressor is of the inpel ler lype o!
the rotor type Ftth nirnerous blades on ir .  The stearn
expanded in the turbin€ rotates rhe turbin€ i rsel f ,  and
for the same reason air  €an be compressed and can dl ive
the cornpressor when passing through i t .

2) Turbine: The turbine's most lnportant element is the
turblne vheel i rhich has one or lnore rows oI blades. The
turbine is f i t ted r l th a governor to legulate the speeal
o t  r o t e l i o n .

4>

C o m b u s t i o n  c h a m b e r s :  T h e  c o n b  r s r i o n  c h a m b e r  c o n s i E ! s  o f
a  d o u b l e  t u b e ,  P a r r  o t  t h e  c o n p r e s s e d  a i r ,  p a s s i n g  t h r o u g h
the inner tube, s€rves to burn the fuel  which is spraved
I n L o  t h e  r u b e .  T h e  r e m a i n i n S  p a r t  o f  t h e  

" o * p . " " " " a  
. i ,

p a s s e s  i h r o u g h  r h e  i n t e r s p a c e  b e r w e e n  r h e  i n n e r  a n d  o u t e r
tubes, and nixes r?i th rhe burning gases, naking the inner
tube cool on the l ray to th€ turbine, Once the fuel  is
igni ted burning cont inues because of lhe cont inuous supply
of air  and fuel  rr ' i thout further igni t ion.

ruel pump: ThiE pump del ivers fuel  to the burners and is
dr iven by rhe turbln€. Deltvery of fuel  is control led bv
the governor.  In emergencies, such as overload, overheai,
lubr lcattng oi l  pressure down, etc, ,  rhe supply of fuel
o i l  l s  a u t o n a t i c a l l y  c u t  o f f .

Igl i ter sysren: Thls sysrem is used only I ,hetr  start lng_up
and consisrs of a spark- lgni t ion systern op€rated by a
nagneto dr iven by the turbine ot external electr lc Dower.

3 )
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6) Cool lnS alr  f rom the conpresEor: Cool lng alr  pas6es
alound the outside of the lurbine to prevent overheat lng
of lhe conbust ion chambers 4nd the turbine casing. This
alao posses through the cenler of the lurblne to cool
the rotors and turblne blades.

3.6. Propulsion System.

The propel ler of  a shlp ls dr iven by steel shafts jolned [ , t th
lhe coupllngs. the lnboard end ts coupled !o che Ehaf! ehtch transmlrs
lhe plopel ler thrust to rhe ship. the shaft tng inside the 6hip ts
supported by pluErer-block bearlngs and stern-tube beerings, passing
through the hu1l.  Io the case of Ehlps f t t ted l ' i th two or more shEfts,
the outboard et |d of esch shaf!  ls supported by al t  'A'  brecket beerln8
( F l s .  3 . 6 . 1 ) .

3.7. Auxi l iery Mechtnery.

Varlous kinds of auxiltery inachtnery are requlred to supply
nult l -pulpose aervlces on boald. These pieces of nachinery and their
purposes are classi f led belor,r .

1) Electr lc generators end al ternators:
power and l tght ing, Usual ly dr iven

len le:  fo produce fresh
and other uses

Refr igeret ing nachlnery: To pre6etve food, cergo, erc.

Air  condlt loning nachtnery: 1o cool th€ venl i teted atr ,

5) {1r c9i [pres6ors: To provlde conpressd atr  for start tng
dlesel englnes, pneulret lc controls,  etc.

6) Steering gesr:  To operate the iudder.

7) Cspsten engines or wtndless: To elnd the anchor cab1e, etc.

8) Winches: To operate r l res, cargo gears, or f tshing gears.

el l!+;g4j1fe9_tygf:: por frre-fishrins and for punpins
o u r  r  l o o d t n g ,  e t c .

10) Punpsl For var ious purposes such aE oi l  t ransfer,  water
E r a $ s l e r  ,  e ! c .

To supply electr lc
by diesel engi[es.

lrat€r fron see \ret€rt \

4)

Dlstt l  l t l l



4. REFRICEMTION

4.1. !4r99!9!19s-!9-& .

4.1.1. PsElrMer-el-:s!:1c9lg!19!.
Refr lgerst lon is def{ned as the lechnique delalng ldth the

process of coollng and rtralnteinin8 a spece or oeterial et lord lenperature
es dealred, lnsulat ing those from the surroundlngs.

4.1.2. E9E:1se!s!Es_ss .

The capaci ly of a refr lgelat lng system is the rate of renoving
heat fror0 the space to be refrlgerated and ls usually expressed in
KcaI p€r hou! (Btu per hour) or ln lef ins of l ts lce-nelt lng equivalent.
Th€ standerd unlt  used ln the lat lng of a lefr igeral lng system 16 the
ton of refr lg€rat lon, deftned es the removel of  heet at the rate of i
3,320 Kcal per hour or 12,000 Btu per hour.

The6e terms have their ortgin from the concept of the amount bf
hea! absorbed by-a ton of ice when me1l iog frorn the sol id to the l iqutd
phase al  0"C (32"F).  this derivel ion sssumea e lalent hea! of ice of
7 9 , 6 8  K c a l / k g  ( 1 4 4  B t u / l b ) .

4 . 1 . 3 .  R € f r l g e r e n t s .

In the refr igerat ing proc€ss rhe body enployed as the heat
absorber or cool lng aSent is ca11ed the refr lgerant.

I\rhen the absoibed heat cau3es an lncrease of tenpelature ln the
refr lg€lant,  tbe cool lng process ls sald !o be sensible, rhereas when the
absorbed heat causes a change tn the physical  Etate of the reft lgeiant
(etther Eelt log o! vapourlz ing),  the cool lng process ls sald to be lsrent.

In ei ther process, ln order that the refr lgeret lng effecl
continues, the temperlrture of the lefrlgeratlng agent must ahsays be
rnalnlalned below that of  the space or nater lal  being refr igerated,

It should be reoembered tha! as yet no one substance has proved 
-

the ldeal worklng medium under al l  operat lnS condlt lons. Thetefore, tn
select lng the proper refr igeraf l t  l t  ls necessary to det€rnlne those
properl ieE whlch ale most desirable and to choose the one no6t close Eo
lhe ldeal one for the part icular eppl lcat ion. The propert tes of refr lgerant
io be consldered ln i ts select lon ere evaporat lnS and condetrsl$g, pressure,
freezl$g tenperature, Ialetr t  he4t,  speclf lc volume, stabi l i ty and inertness,
corrosiveneas, dielectr lc strength, v lscoslty,  therroal conduct lv i ty,  ot1
nisctbt l l ty,  toxlci ty,  exploslveness, leakage tendency, and cost.  Table
4.1.1. l tsts sol le f lu ids havLng sultable propert ies for us€ aa
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Refr lgerants l ' i th
the Froen gloup (F-12 and
These are cal1ed pr imary

the n idest  appl icst ion at  present  are amnonla,
F-22,. Isl l I I lLLg:l jS, and ua'er vaPo;:-

o r  d  i r : ec t  re f r l se ran ts .

B r i n e s  a r e  u s e d  a s  s e c o n d a r y  r e f r i S e r a n t s  ( i n d i r e c t  i e f r i g e r a n t s )
a s  s h o w n  i n  F l g .  4 . 1 . t .  B r i n e s ,  E o  b e  s u i t a b l e  a s  a  s i n p l e  r e f r i g e r a t i o n
carrylng nedium, should (a) rer iain t iquid under al l  ternPeratureE to t thich
t h e y  a r e  s u b j e c t e d ,  ( b )  b e  e s s e n t i a l l y  n o n c o r r o s i v e  w h e n  i n  c o n t a c t  l ' i t h
m e t a l s ,  ( c )  h a v e  a  s u f f l c i e n t l y  h i S h  s p e c i f i c  h e a t  t o  P r e c l u d e  t h e  u s e
of excessive quantt t ies; and (d) underSo no changes lhen in conlact with
refr igerants or other gases indiEenous to the al 'p l icat ion. The nost
col l [ t lon br: ines which neet these requirements to sone extenL are calcim
c h l o r i d e  ( C a C 1 2 ) ,  a n d  s o d l u n  c h l o r i d e  ( N a C I ) .

4 . 2 .  R e f r i g e r a t i o n  c y c l e s .

4 . 2 . 1 .  D e f i n i t i o n  o f  a  c y c l e .

A s  t h e  r e f r i e e r a n t  c i r c u l a t e s  t h r o u g h  t h e  s y s t e n ,  i t  p a s s e s

Ehrough a number of  changes in s tate or  condi t ion,  each of  th ich is

ca11ed a process,  The reFr ia€rant  s tar ts  f ron an in i t ia l  s tate or

c o n d i t i o n ,  p a s s i n g  t h r o u S h  a  s e i i e s  o f  p r o c e s s e s  i n  a  d e f i n i t e  n a n n e r
o f  s e q u e n c e s ,  a n . i  f i n a l l y  r e t u r n s  t o  t h e  i n i t i a l  c o n d i t r ' o n .  T h i s
s e r l e s  o f  p r o c e s s e s  i s  c a l l e d  a  c y c l e .

T h e  s 1 n p 1 e  v a t o r - c o n F r e s s i o n  r e f t i S e r a t i o n  c y c l e  i s  c o n p o s e . l
o f  f o u r  f L r n d a m e n t a l  p r o c e s s e s :  ( 1 )  e x f a D s i o n ,  ( 2 )  v a p o r i z a t i o n ,
( 3 )  c o n p r e s s  r o n ,  a n d  ( 4 ) . o n d e n s a t l o n .

4 . 2 . 2 .  S i m D l e  s a t u r a t e d  r e f r i s e r a t i n E  c v c 1 e .

A  s i m p l e  s a t u r a t e d  r e f r i g e r a t i n g  c y c l e  i s  a  t h e o r e t i c a l  n o d e l ,
whereln i t  is assuned thst the refr igerant vapor leaves the evaporator
and enters the compressor 3s saturated vapor (at the vaporiz inB ten-
perature and pressure),  and the l i .qr id leaves Ehe condenser and enters
the refr igerant control  as saturated l iquid (at the condensing tenp€rature
a n d  p r e s s u r e ) .  T h i s  i s  g r e a t l y  s i m p l i f i e d  b y  t h e  u s e  o f  t a b l e s ,  c l r a r t s
and diagrams upon which the conDlete cycle may be shol" 'n nunerical ly or
g r a p h i c a l  l y .

The diagram frequent ly used in the analysis of Ehe refr ig€rat ion
cycle is the pressure-enthalpy (Ph) diagram (Mol l ier diagran or chart) .
A  p r e s s ' l r e - e n t h s l p y  d i a g r a n  f o r  a n n o n i a  i s  s h o r n  i n  F i B .  / + , 2 . 1 .  a n d  t h e
c h a r a c t e r i s t i c s  o f  s a r u r a t e d  a r i n o n i a  a r e  g i v e n  i n  T a b l e  4 . 2 . 1 .  T h e
pressure-enthalpy diagran for each refr lgerant is di f ferent,  depending
upon the propert les of the part icular refr igerant.  The condit ion of the
refr igerant ln any thenno-d) 'nanic state can be represented as a point on
P h  d i a g r a n .  A s  s h o r n  b y  t h e  s k e l e t o n  P h  d l a g r a n  i n  F i g .  4 . 2 . 2 .  t h e
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diagram ls divided into three areas whlch are separated fr :on each
othei by the saturated l lquid and saturaled vapor curves. These are
cal led the subcooled region, the region of pha$e change and the super-
heated region. At any potnt in th€ subcooled region the refr igerant
is ln the 1lquid state and l ts temperature is belolr  the salulat ion
temperature corresponding to l ts pressr ire.  In the superheated r:e8ion
the refr igerant is in the form of superheated vapor.  Ac any point
betreen the tro curves the r€fr iaerant is in the forn of l iquid-vapor
nixture. Expladat io$ on the curves and l ines i l lustrated on the diagran
i s  s h o l r n  i n  F i , g .  4 . 2 . 3 .

The sinple saturated cycle for alnnonia is plot ted on a Ph chart
i n  F i g .  4 . 2 . 4 .  T h e  s y s t e n  i s  a s s u n e d  t o  b e  o p e r a t i n g  u n d e r  s u c h  c o n d i t i o n s
thet the vaporiz ing temperature in che evaporator is -2OoC and the con-
d e n s i n g  t e m p e r a t u r e  l n  t h e  c o n d e n s e r  i s  3 0 " C .  T h e  p o i n t s  A . B . C . D .  a n d  E
on lhe Ph chart  correspond Eo the points in Ehe refr igerat ing systen as
s h o w n  o n  t h e  f l o w  d i a 8 r a m  i n  n i g .  4 . 2 . 5 ,

1 )  E x p a n s i o n  p r o c e s s .  T h e  p r o c e s s  s h o ' m  b y  A - B  i n  F i g .  4 . 2 . 4 .  o c c u r s
in lhe refr igerant control  \ rhen the pressure of the l iquid 1s reduced
fron the cotdensing pressure to the evaporat ing pressure as the l iquid
p a s s e s  t h r o u g h  t h e  c o n t r o l .  W h e n  t h e  l i q u i d  j s  e x p a n d e d  i n t o  l h e
eveporator thro|gh the or i f ice of the control ,  the temperature of the
l tquid is reduced fronr the condensing tenferature to the evaporat ing
temperature by f lashlng lnto vapor of a sma11 port jon of the 1lquid.
P r o c e s s  A - B  i s  a  t h r o t t l l n g  t y p e  o f  a d i a b a t i c  e x F a n s i o n ,  f r e q u e n t l y  c a l l e d
i r i r e  d r a w i n g " .  A t  t h e  p o i n t  A ,  t h €  r e f r i g e r a n t  i s  a  s a t u r a t e d  l i q u { d
i n  t h e  c o n d e n s e r  a n d  i t s  p r o p e r l i e s  a y e :

1 1 , 8 9 5  K g / c n 2

30c

133.84  Kca l /Ks

1 . 6 8 0 0  1 / K g

1 . 1 1 6 5  K c a l / K s / o K

T h c  r p f r l  o F r a n r  e r  f h c  n o l n c

ProPer!tes are:

1.94O Ke/cn2

-2ooc

133 .84  Kca l  /Ks

0 .11  n3 / (g

1 .3  Kca I /Ks /oK

(condensing tenperature)

(enrhal py)

( s p e c i f i c  w o l u m e )

(entropy)

B is l iquid-vapor nixture l 'hose

(vaporiz ins pressure)

(vaporiz ing ternperature)

(enthalpy)

(approximate)
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2) Vaporiz log process. The process B-C 16 vaporizat lon o,f  the
refr igersnt ln the evaporator.  Since vaporizat ion takes place at
cof lstant temp€rature and presaure, B-C ls isothermal as wel l  es
isobaric.  At the point C the refr ig€rant ls conplelely vaporlzed
and ls ln saturated vapor at th€ vaporiz ing temperature and pressure.
T h e  p r o p e r t i e s  o f  t h e  r e f r i g e r a n t  a t  t h e  p o i n t  C  a r e :

p = 1.940 Kg/cm' (vaporiz ing pressure)

t  = -2ooc (vaportzlng tenperature)

hc = 395.46 Kcal/Kg (enthalpy)

\ !  = 0.6236 r i , ' lKg (specif ic volume)

s  =  2 . 1 7 1 0  K c a l  / K g l - K  ( e n t r o p y )

T h e  q u a n E i t y  o f  h e a !  a b s o r b e d  b y  t h e  r e f r i g e r a n t  i n  t h e
evaporator is ca1led refr igerat lng effect (q1) and is gtven by the
dif ference betcreen the enthalpy of the refr igerant at Lhe point C (h^)
a n d  I  ( \ ,  =  h - )  v i z . ,  a -  -  l r  -  , ,  .' I  C

3) Compression process. ?rocess C-D takes plac€ tn the conpressor as
the pressure of the vapor is lncreased by compres s ion, .  changing from
the vaporiz ing pressure to the condenslng pressure, The comp.ession
process C-D is assumed to be isentropic,  nhich ts a speclal  typ€ of
adiabat ic process taking place wirhout fr lct lon. I t  ts someri ine€
espressed as a rr fr lct ionless adiabat lc i :  or ' rconsranr-enlropyi i  com-
pression. At the point D, the refriserant tT-G'AiliifrEE1tf vapor
whose proper: t ies are:

p  =  1 1 . 8 9 5  K 8 / c r n -  { c o n d e n s i n . ;  p r e s s u r e )

t  = loBoc (approxtnate)

ha = 458 Kcal/Kg (approximare)

v = 0.23 m-/Kg (approxinate)

s = 2.1710 Kcal/Kg/oK (sene as at point C)

The heat energy equivalenr to the rrrork durtng the compresslon
is often referred to as the heat of cotr lDlesston (o-) and is eoual to
ihe difference in the enil;i;;;?-il;-;?ilE;;nt jE the polnis D(h,)
a n d  c ( h - )  v i z ,  q "  =  h ,  -  h  .
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4. Coodens{flg process. Usuelly, both processes D-B end E-A take place
ln the condenser as the hot gas dischelged frod the compresGor ts
cooleC dolr.rl to the condensing teDpelature aod condensed. proceds D-E
representa coollng of the vapor frol! the dlschalge tenperature to the
condensing temperature as the vapoi Eejects heat to the condenslnt
nedium. At the polnt E the refrigerant ls ln aetutdted veDor at the
condenslng temperature end pressure. I ts propert les ere:

p - 11.895 rg/cmZ

t - 30oc

he = 407.43 Kcal/K8

v  =  o .1 l  07  n3 /Kg

s = 2.0191 Kcat /Ks,/oK

Teble 4.3.! .  Refr ig€rat ion systems on boerd a f lshing boat

Process E-A is condensatlon of the vapor in the condenser.
In returnlng to the poinr A, the refrlgerent completes one cycle anat
its lroperties are the same as rhose prevlously rnentioned at the point A.
The total  heat (q1) rejected by the ref l igerent in rhe conitenser 1s the
dlff€r€nce bet$ee; the enthelpy of the superheated vepo! at th€ potnt
D(hd) end the seturated l lquid er the potnr A(h.)  vtz. ,  q3 = hd _ ha.

4.3. Refr lgeretLon System of F{shlng Boats.

4 . 3 . 1 .  v a r l e t y  o f  r e f r t g e r a t t o n  s y s r e m s .

Refr igerat ion systef is appl ied for preservlng f ish cstch are
c l a s s l f l e d  t n t o  t h r e e  n a i o r  g r o u p s  ( l )  c h i l l i n c  ( 2 )  f r e e z J n s  a n d
(3) cold 6torage. These sysreng ere fuiTttrer ctassi f  t i i 'ET6-t trose ,seo
in f tshtng boats ss given ln teble 4.3,1

(cond6nslng pressure)

(condenslng tempereture)

(enthalpy)

(speciftc volune)

(entropy)

Cold

stOtage

lirith
qtorege lrith crushed ice (dry type)

storage wlth see earer ctr i l led wirh ice (wet tyDe)

storege ui th lce end chl l led water by ref.  nachtne
Wtthout

lce
storege ln chl l led sea w.ter

storese ln chi l led etr  by cooltng cott  tn f lsh hold!
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Freezing

Air

Sedl -alr
b l a s  t f reezlnP with forced chi l led air

Air  blast freezi f ls nl th the blast of  chi l led air

Br ine freezlnE \r i th cht I led br ine

Contact
fteet-
i n g

Brlne
flat tank

freezlng wlth f lat  Cenk in which chi l led
brine is circulated

Direct

f let  tank
freezlng wlth f lat  lenk in nhlch refr lgerent
ia circulated

l)  Storage wlth lce. The teDperature of so-cal led qreen ice iust taken
o"E;f  ic- ; ; ; ; ; ;Js about -5rc.  r t  is desirabte, i ; iEiEi l that t i .e
tempereture in the f lsh holds ls kept at -12,-J-18oA, because of easy
hardl lng and longer effec!{veness. The quant i ty of lce mrsr be suff tc ient
for nreserving e f lsh catch and usual ly as nuch ss t  h; I f  of  the f ish
cetch in neight is iequlred for storage. When ice ls used in 6ea narer,
t imely and prope! adal l t lof l  of  ice and salt  is essent ial  .

usueble for
letent heat
5 Kcel /Kg.
fron -2"c to

Since the weigh! of lce
relght),  aval lable heat 16 only

l n  c h i  1 1 e d s e e  $ r a t e r .  H e a t  q u a n t i t y  o f  c h i  l  t e d  s e a  w e t e r
very smal l  in conparison wtth thar of lce. The

80 (cal lKg, whi le in the case of chi l ted see nater
quent i ty corresponds to a temperature r ise of 5oC

of ice ls
Th, s heat

3oc.

hal f  of  sea nat€r in
fol  !  o\r ing:

1  -  8 : l

f lake-tce mechlne is

3) Freezlng. CoId alr  bles! beloe -3OoC in temperature wlth the speed
of 2 to 3 n/sec 16 appl ied to the f ish cetch for f reezlng in the eir
blrat  typ€ freezing. Tttr le for f re€zlng tenges f lom !O to 40 hrs, dependtng
upon the^s{ze of f lsn. T€rnperature at the center of a f lsh body reaches
- IEry- 3 5"c .

In brlne freezlng, tenperature of the bltne ts about - l4'i-- l7oc
by thl8 nethod the center of e ftsh body ts lowered to les6 than -10oC.
After this process, the^f lsh ls further cooled doen to -18lv-35oc by the
cht l led atr  of  -25--40-C in tbe dry f ish hold. In contect f reezers,
l  iqul i l  refr lgerant of -25&-4OoC or br ine is ctrculal tng. Tirne for
freezlng ls about 4-5 hrs, so freezing can be carr led out 3-5 t tmes a day,

t s
l

soo Ksd ( a
as shown in the

80 (cal /Kg x 0.5 :  5 Kcal/Kg x

In oider to overcome thls dlsadvantage, e
coffironly in use on bo6rd.



3.2. Rcf.lgeEallon eystcEa by klnds of flehetles.

Appl icetton of rcfr lgeret lon Bystens 16 given ln Teble 4.3.2.
for the respect lve f lsherieG.

Tabte 4.3.2. Refr lgerat lon EyEtens by klnds of f isherleo

fr lgeret lon

Ktnd of
ftshery

Storage Fre€zing

I c e
tsater
I.'i rh
ice

lce &
chl11ed Chl l led

lta te!
Air

S€rDi
elt
b l e s t

Alr
b l a s  t

Brlne
Contect
fteez-

Snel l  f lshing
boete leEB than
r0 e/T

Sktpleck pole
.nd llne fishlng
boats

Squtd ensling
boats

Pulae selners

Flsh cerrlers
(for purse
a€lDera)

lune long lloers

Off shore
trewlers

Deep Bea
tretrtcrs

0

0

0

0

0

o

0

0

0

o

0

0

o

0

0

0

0

0 0

0

0

0

0



5. OCEANOGMPHIC SURVEY METHODS

5.I.  lnstruct lo[s for Recording and Treat lng Data.

5.1.1. Field observat ion notebook. Several  types of f ie ld observat ion
n o t etoot-Zil-T66ar e--?i-ilElEc6Ta ln s t o t he re s pec t iv e pur po s e s o f
observat lon. In any case, the fol lo lr i rg requiremenrs should be ful f i l led
for the notebooks and forms:

1) A f ie ld notebook should be bound f l rmly.

2 )  l f  p o s s i b l e ,  a  d u r a b l e  c o v e r  s h o u l d  b e  p r o v i d e d  f o r  i c ,

3) Whi le on board, the notebook should be cl ipped ro a
irooden board so that i t  wi l l  f loat even i f  i r  is dropped
i n t o  t h e  s e a  a c c i d e n t a l l v ,

5 . 1 . 2 .  O b s e r v a t i o n  d i a r y .  A n  o b s e r v a t i o n  d i a r y  i s  a  u s e f u l  r e f e r e n c e
for:  naking reports later and foi  planning observat ion schedules. The
use of this diary is slrongly recof lEnended especial ly for a chief scient ist
who is responsible for a research cruis€.

I t  contains iecoids on processes and ewenrs during the observat ion,
and unusual phenomena occuring during the ctuise or the period of observa-
t ion. For exarnpl.e,  oc€anogiaphic and mereorologlcal  condir ions, personal
divis lons of obserivat ion, locat ions of observat ion, date, t ine of srarr
and f tnish, and lroubles r i th instruments should be included.

When recordlng such malters,  i t  ts desirable to acquire rhe habit
of  r€cordtng the t lne and date together with the descript ions.

5,1.3. ceneral  ru1€s for i [ t roductory parr.  Date and t ine are very
inportanff i  nusr a1\rays be f i l led in
pr ior to ary observat ion. These dara are so fani l iar to the observers
that they are apt to rhink they could record then later on, In nost cases,
however,  the Dore clear ly known the fact the easi€r ro forg€t recording

Needless to say, the year should be included as wel l  as the day
and month when recording dales. Recordlngs of t ime should clear ly
discr inlnate between the norning and rhe afternoon, The r ime in lhe
afternoon ca$ be convenient ly expressed by adding 12 hours to i t ,  e.A.,
0 3 . 3 0  p . n .  i s  b e s t  e x p r e s s e d  1 5 . 3 0 .

Information which can east ly be obtained, for example, l realher
condtt ions, should also be recorded.
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5 . 1 . 4 .  R e c o r d i n g  o f  d a r a .  w h e n  r e c o r d i n g  d a r a  i n  a  f i e l d  n o t e b o o k ,
i t  is not sL,f f ic ient onl t '  ro f i t l  out rhe prescr ibed i tems. Anv
m a t r a r  ^ b \ e r r a d  I n  ( \ e  f i e l d  s h o u l d  b e  r p c o r d e d  i T n e d t a r e t y  a n d
d j r e c t l y  i n  r h e  f i e l d  n o t e b o o k ,  e v e n  i f  j t  l o o k s  t r i v i a l .  W h e n  o n l y
numerlcal  data of prescr ibed i tems arerecorded. and rhese are recorded
in a disorderly fashion, the notebook cannot be regarded as a proper
f ield notebook. As the proper nethod of naking and r:ecording
o b s e r v a t i o n s  h a s  b e e n  e s t a b l i s h e d  t h r o u g h  b i t t e r  e x p e r i e n c e s  o f
| r e d e c e s s o r s ,  t h e  d e v e l o p m e n t  o f  p l o t e r  h a b i t s  o f  o b s e r v a t i o n  a n d
r e c o r d i n B  i n  t h e  f i e l d  i s  r e c o m e n d e d .

1 )  U s e  o f  c o l u m n s ,  T h e  u s e  o f  c o l u n n s  i s  e s s e n t i a l  f o r
r e c o r d i n g ,  e s p e c i a l l y  f o r  b e g i n n e r s .  D u r t n g  r h e  c o u r s e
o f  o b s e r v a t i o n ,  d a r a  s h o u l d  b e  f i 1 1 e d  i n s i d e  r h e  c o t u m n s
in due order.  The colunns help in indicat ing i f  there
is any onmission in recordlngs. The use of colunns can,
therefore, be regarded as a guide during observarion.

3)

2 )

Care in recordtnP. Recoid ing should

R e c o r d i n g  o t h e r  r e l e v a n t  d a r a ,  A 1 1  n a t r e r s  o b s e r v e d ,  e v e n
if  col , lnrns are not pr:ovided for them, should be recorded
without omrission. Such descript ions sonet ines sive hints
f r o n  l r h i c h  a  n e w  a s p e c L  o f  r h e  p r o b t e m  c a n  b e  d e ; e t o p e d .
Ther:e should be no hesitat ion about recordine these
add i  t ional remarks.

Recording direct ly in notebook. The use of toose papers for
recording observat ions tn rhe f ie ld is not recomnended. I t
js inportant that the data is recorded direct ly in the f ie ld
notebook, When rhe data can not be recorded direct lv in
t h e  f ' e l d  n o t e b o o k  u n d e r  s p e c i a l  c i r c u n s t a n c e s .  r h e  i o o s e
paper used for the record should be pasted in the notebook
a s  s o o n  a s  p o s s i b l e .

i t  w i t h
Do not

Penci l .  When a l rrong entry
a faint  l ine and record the

o b l i t e l a t €  t h e  e r r o r ,

be made ni th a good
h a s  b e e n  m a d e ,  d e l e t e
correct value nearby,

5) Csre in taking data. In the f ie ld of observarion, usuat ly
one person rakes the reading and another person nakes the
r e c o r d .  U n d e r  w i n d s w e p r  c o n d i t i o n s  a s  o n  6 o a r d .  r h e
comrnunicat ion between obselvers is sonet imes nisheard. To
avoid l roub1e, the fol lo i" ing nethod of comnunicat ion
should be adopted. The person who records nust repear rhe
reading loud1y and th€ person who reads nust conft l ln i t .
During observarion, rhese persons nust interchanse their
r o l e s  o f  o b s e r v a t i o n  a n d  c o n f i r n  r h e  r e s u t c s  o f  ; a c h .

6) Recording non-mental1y calculated values. Do not atrempt
to record mental ly calculated values unri l  a l1 observed

' data have been recorded.



7 ) RecordinS unit  of  nunerical  dsta. During n€asuring, the
uni l  may be kno!, 'n so clear ly Ehat i r  mtghr often be
unrecorded. However,  some confusion could ar ise later
on nhen the recordings are put in ord€r.  For example,
length neasureinents in cent lmelers nay be confused i i th
ni  l  l ineters -

Correct lon of observed data. The obser:ved data should
not be al tered qr i thout suff l .c lent reason. l lhen doubt on
the observed deta ar ises. a second observat lon should be
carr ied out innediately.  I f  Che f l rst  readlng is incorrect,
i t  should be deleted by a fatnt l ine and tbe correcE value
should be inserted nearby. Describe clear ly the reason
for th€ correct iotr  outside the colutnn. Tl  c error sl ! . : r ] : l
not be erssed or rendered i l legible.

Checking befoie cornplet ion. 0n conplet ion of observat lons
at the stat ion, th€ entr ies should be careful ly checked
for any error ot onmission, I f  an i ten i ras not observed,
the space provlded for i t  should be f i l led, for exampl€,
w i L h  r x r  o r  r - r .

1 0 )  C l e a r  d e s c r i p t i o n .  S i n c e  a  f i e l d  n o t e b o o k  i s  a  v a l u a b l e
d o c u n e n t ,  a n d  s h o u l d  b e  k € p t  f o r  f u t u r e  r e f e r e n c e ,  i t  i s
essent ial  thst al l  natters recorded in the f le1d notebook
should be eas11y understood by any person uEing i t .  Part icu-
1ar attent ion should be Faid to style of \ rr i t lng especial ly
when recordlng f igures.

l l )  C a r e  d u i i n g  c r u i s e .  N e e d l e s s  t o  s a y ,  f i e l d  n o t e s  s h o u l d
ahrays be stored in a safe place during a cruise.

1 2 )  P u t t i n g  d a t a  t n  o r d e r .  A f t e r  o b s e r v a t i o n ,  t h e  f i e l d  n o t e s
should be transf€rred into an appropriare forn, e.g.,  a
table or a dlagram, whi le nenorles are st i l1 fresh.

13) of  f ie ld notebook.

8)

9 )

i t  h a s
The f ield notebook, even after

order,  should be treated careful ly.

Recording of rae data in the f ie ld notebook trrust be regarded as
st i11 pictures in a nrovie sequence. 1t should be borne ln mind tha!
such raw data are qulte di f ferent in qualt ty fron rhat oblalned thlough
calc 'r lat ion, at ld that they are also dl f ferent fron lhose of conrrol led
experinents performed in laboraCories, In the f ie ld experiment,  i t  is
never:  expected that ident ical  data can be col lecred by subsequent

I n  o t l ' e r  l r o r d s ,  t h e  d a t a  o b t a i n e d  b y  r h e  f i e l d  o b s e r v a r i o n
should be regarded as unlque at rhat lnstan! and in that posi t ion.
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Fron rhe above, you can undersrand the reason why in the f ie ld
careful  observat ions and recordings should be piact ised. Unnecessary
mistakes can be avoided i f  one acquires proper habits during obseivat ions

5 , 1 . 5 .  C a l c u l a t i o n  a n d  d a t a  p r o c e s s i n g .  C a l c u l a t i o n s  o n  t h e  r a r . t  d a t a
c a n  b e  n a d e  b y  s e v e r a l  m e t h o d s  s u c h  a s  m e n t a l  c a l c u l a t i o n s ,  c i p h e r i n 8 ,
readings on nunerical  tables, s l ide rules and using calculators, The
p r o c e s s  o f  c a l c u l a t i o n  s h o u l d  b e  s u c h  t h a t  i t  c a n  b e  e a s i l y  t r a c e d .  A
d i s o . d e r l y  p r o c e s s  o f  c a l c u l a t i o n  i s  n o t  e n c o u r a g e d .

I t  i c  g e n e r a l l y  d i f f i c u l t  t o  g r a s p  c h e  g e n e r a l  t r e n d  o r
relat ionship between sets ol  numerical  data. Horqever,  the tendency can
be seen clear l l i  i f  the data were plotted on sect ion Papers, Graphs not
only show trends but also serve as a means of checking the val idi ty of
lhe observed data. You should always draw graphs ahenever posslble.

The purpose of any observal ion is to reach a result .  Even i f  i t
is only a graph or a nurnerlcal  va1ue, i t  is a valuable result .  When a
resul l  is obtainedj study the Braph or lhe value visual ly and then
review 1n nind repeatedly the whole process fron lhe beginning to the
f i n a l  r e s u l t ,

Final ly,  i f  you have any cr i t ic isn of the results '  you should
describe thern. This includes any opinion as to nodif icat ion of nethods
o f  o b s e r v a t  i  o n s ,  i n s t r u m e n t s ,  e L . .

5.2 Water Sampling and Tempetatule Measurement

Water sanpl ing and temperature measurement are mos! imPortant
and are basic i tems of oceanographic obsef lal ion. Melhods of sanPl ing
water and neasuring temperature of deep and surface layers are remarka-
b l y  d i f f e r e n t .

Eor the deeter layers belo\r  the surface, sanples of the ocean
uater can be taken in Nansen rewersing bott1es. The cyl indr ical  metal
botr le is op"" at  uottr- l ia",  t , r t  t r"s crp" or 

"eals 
that can be closed

automatical ly.  Wh€n attached to a wire and subnerged, l tater f lows
f r e e l y  t h r o ( g h  t h e  b o t l l e  u n t i l  i t  h a s  t € a c h e d  t h e  d e s i r e d  d e p t h s .  s
veisht cal led a 19$9199! is dropped down along the wire ro a devlce
which closes the top and botton of the bott le,  t rapPing the water \ t i th in
i t .  When this happens, the bott le turns over and this rnovement f ixes
the f ,ercury colunn in a thernometer fastened lo the outside of the bott le.
The rev€rsing thermometer:  thus records the temperature of the water at the
instanr uhen the bott le was turned over.  In this ! . /ay, the tenperature of
the ocean at any depth can be measured. As a ru1e, a nunber of such
b o t t l e s  a r e  e m p l o y e d  a t  t h e  s a n e  t i m e  a t  v a r i o u s  d e p t h s .  E a c h  b c t t l e ,
a s  i t  c l o s e s ,  r e l e a s e s  a  s e c o n d  r n e s s e n g e r  w h i c h  d r o p s  t o  t h e  b o t t l e  b e l o w ,

F o r  r h e  s u r f a c e  l a y e r ,  t h e  i r a t e r  s a n p l e  i s  l a k e n
sampling bucket,  The temperature is measured imersing
therooneter:  in the uater sampled on board iust af ter the
been heaved up.

in  the water
a r99-l]!9



The water saropled is transfered fron the Nansen bottle or the
sanpling bucket into ggllSllLlg1t. These phials ele stoppered and stored
in a storage box upslde-down.

5 ,2 .1 .
the surface.

56

The select lon of the observat ion layers is not always defhl te;
the layers should be decided considering the circumstances. The
fol lowing depths, in meters, have been recomnended by the Internat lonal
Associat ion of Phystcal  oceanography (1936);

0 ,  1 0 ,  2 0 ,  3 0 ,  5 0 ,  7 5 ,  1 0 0 ,  1 5 0 ,  2 0 0 ,  ( 2 5 0 ) ,  3 0 0 ,  . . .

Procedure

1. After the ship has stopped at the stat ior l / i th her boerd of
obseivat ion facing lhe weather,  read the depth on an echo-
sounder and lhen decide the layers to be observed.

2. Pay out the i/ire fron the winch through the depth gsuge
suspended fron the davit .  Attach a weight to the end of the wlre
and lowe! the \retghl into the l rater so that l t  acts aa a ste-
bi l izer to the wire. When the ship is ro11lng, 1! ls pieferable
to pay out more wi le.

3. When a suff ic ient lenglh of rhe wire ls paid out,  ai tach the
Nansen bott le to the wlre. Before lowering, lnspect each
pert  of  the bott le end set the hends of the geuge to zero.
When i f lspect ing, speclal  at lenl ioD should be paid to the
thermoneters, the seals and the scre\,  of  the devlce by rhlch
the bott le ls at tached to the rdlre.

4. l -ower the bott le unt i l  l t  has reached the desired depth, then
attach the s€cond bott le to the nire. Inspect lon ls the sane
as ln the f l rs!  lnstance, never forget to attach a messenger,
The same process is repeated untt l  the f inal  bott le is
attached, When the f inal  bott le is at tached, reed the deplh
gauge before 1olrer lng the bott le.

5. Lower the f inal  bott le unt i l  i ts r0iddle part  r€aches the
surface, then stop the i r inch aod tead the depth gauge. The
dif fefence of th;s reading fron that when the f inal  bott le was
attacbed corresponds to the height f rom the 1evel at  i {hich the
bolt les l rere attached to the r i re to the sea surface. In
order that each bot!1e reaches their  desired deDlhs. thls
length mu6t be added.

6. Five minutes are enough for the mercury coludn of the lherno-
met€r to equl l ibrate. Wh1le \rai t lng, neasure the slope angle
of the wire and carry out lemperature measurenent and rrater
sampling for lhe surface water 1-l. When 5 minutes have elepsed
fron the complet ion of the lowetlng of botr les, cast down the

1/ Refer to rhe related secr ion.



messenger and conf irn (by feel ing the \r i re) i f  lhe nessengers
bunp successively into the bo!!1es.

7. When the wire is heaved up, a person must sueep off  the
nater from the wlre and anothel person must coat lhe wire
wlth grees€, Take care not to bunp the bott le against the
ship when i t  ls coming up.

8. Detach lhe bott le and messenger fr :on the wi le and hang the
bott le on the rack. Repeat the process.

5 l

After lhe tempereture lnside the thermometer has reached
steady, read f l rst  the temperature of the euxi l iary
thernometer and then lhe maln thermoneter. N€ver give the
thermometer aDy Ehock when i t  is in the reversed posit ion"

When th€ observer is reading the lhernometer,  he should
report  loudly to the recorder and the recorder musl repest
the value read. The observer must read again lo conf ir in i t .
I t  ts prefersble for the temperatr i re to be read agah by
another observer.  The tef i rperature nusl be lead to the order
of 1/1O0oC for the naln thermorneter and 1/1OoC for lhe
auxi l iary thermoneler.  The order of report lng 1s as fol lows:

( 1 )  D e p t h
(2) Nansen bott le number
(3) Th€rmometer numb€r
(4) A'- lx i l lary therrometer (Aux.) -C

--..!c

10 .

(5) Msln thermodeter (Main)

11. After the tenperatures of al1 layers have been read, the
sadple water of each layer should be transferred into phials.
Flrst  pour ou! the water which has been kept in rhe phai ls 2/.
Rinse the phial  two or three t imes with the water col lected.
The rubber stopp€r must be cleaned lrhen the r insed rater is
Doured out.

2/ The phtal  used for the ssl lnl ty determinat ion ls usual ly
e glase bott le whlch ts bro\rn in colour snd can be plugged
$lth a iubber stopper: ;  never a11on ihe bott le !o dry up,
some volune of sea water nusl  always be kept i l r  the phlal ,
even after the sal tni ty determinat ion has already be€n
compleled. This nt l l  preven! the formatiol  of  sal t  part ic les
ln the bott le.  On rhe other hand, do not r inse r l th fresh
water.  In ei ther case, the sal lnl ly of  the sernple water
w 1 1 1  b e  e f f e c t e d .
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T2, Pour the sample weter into lhe phial ,  leaving a Li t t le
sDace. Never f111 the Dhtal  to the br in.

5.2.2. water sampl ing and temperature neasurernent for the surfac€
leye!.

Plug the phial  f i rmly l r i th a rubber slopper,  then keep
Ehe phial  in the box upsid€ donn. The phial  nunber must
be recorded. Care nust be lsken i l r  report ing as in
report ing teoPeralurea.

After the temperature has been read end the semple \,rster
has been taken, the rev€rsing thermometer nust be kept ln i ts
not lnal  posi t lon. Keeplng i t  ln the reversed posl l ion for
a 10 e t loe leads to trouble.

Co1lec! the surfaCe lrater in the warer sarnpl lng bucket,
then pour l !  out.  Repeat the process two to three t ines.
Thls process oi1] al low the tenperature of rhe sarnpl lng
bucket to appro:<imate that of  the water.

The tenn surfsce water generally means lhe r,re11-!rlr(ed \rater
dol 'n lo 1-2 m belo\r  the surfece,

Proc€dure

DiP up the weter agein, then inmerse the tod type therno-
meler into the eater sanpled and st i r  r , rel l  in a shady place,
al ,ay frorn ldnds. Water sampl lng is pxeferable fron the
\reather side of the Ehip, near the bow. Never colLect the
water near discharge pipes.

Read the lemperature just af ter i t  has becorne stat ionary,
\ t i th the melcury column as fu11y in the water as poEsible.
The t ine intervel  to reach steady is usual ly l r l th in 40-60 sec.
Temperalure feading fron the surface water is tak€n to the

Tenperature reading mus! be csEried out as quickly as
p o s s i b l e .

Sample water must be teken fron the water fron which the
ternperature has been meaaured. The nethod of report lng is
the same sa i t l  the preceding sect ion,

s .3 gl4!e:-!esPl:re.

The nost wid€1y used apparetus for col lect ing plankton is a
plankton nel.  Plankton net iB essent ial ly a cone made of f ine mesh
bolt l ig st lk or ny1on. The front part  of  the net is at tsched to a
netal  r ing by \rhich the ne! ls towed through rhe rarer and the tenninal
end of the net is at tached to a bucket ln nhlch the plankton is el lo ired
to sett le.  The net may be towed horizontal ly or hauled vert ical ly
through the water.  I f  toved horizontal ly f ron on board, the deptb can be

3 .

1 .

2 .

5 ,
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set by depressors or paravanes. Vert lcal  hauls mey b€ cont lnuous from
the bottotn or fron ! I  f ixed depth to the surface, or div ided, using a
rnechanism to close the net at a given depth.

Qual i tat lve sanpl lng el  the surface is a sinple natter,  A sui table
net is towed at about 1a to 2 knots foi  ten ninutes which usual ly suff ices
to give an adequat€ amoul1t of  planklon. However,  the quant l tat ive
determlnat ion of pladkton br ist les with di f f icul t ies. To assess .ne
srnount of plankton ln a given uate! colutrn is never possible with any
real accuracy. Thi6 is because some of the water is spi l led out before
i t  hes been f l l tered durlng the operat ion. Part icular ly when norking
with a f ine-mesh net in oater r lch in phytoplankton, rhe meshes get
progresslvely clogged and so the f i l t rat ion iate fal ls of f  in t ime with
nore and nore water spi l l ing frod the front of  the net as resisrance
lncrease. In older to overcone chese di f f icul t ies, a f1o!r-ne!er is
placed in the mouth of the net so that the watet passing inro the net
act lvales a srnal1 propel ler at tached to a count ing mechanisn. When
proPerly cal ibrated, the numbel of revolut ions of the propel ler 1s taken
to indicate th€ arnount of r , rater which has passed through lhe net.  From
this,  the plankton biomess can be calculated, However,  owing to un-
avoldable i rregular i l ies in f l l t rat ion on analysis,  the f igures obtained
usual ly are al  beBt only an approximation.

Vert icel  hau1lng,

1. Before the operat ion starrs,  f i rnly t ie a f1olr-meter at lhe
central  pert  of  the nouth of the plankron net and suspend a
depth gauge unde! the davit  which is projecled from the hul l
et  e r lght angle,

2. When the vess€1 h6s stopped at the star ion, switch on the
echo-sounder and read the depth of the star ion fron the

3. Tie a chain of weights to the r :ope a! lhe lower end of the
Dlankton net.

Pay out the wtre fron the l{lnch through the
attach the net to the end loop of the wire.

det  lh  Eauge ^nd

the bucket  andBefore lo\rer ing the net,  inspecr the tap of
the f lon-meter !o rnake sure:

( a )

( b )

The tap (opener) 1s paral lel  to the bucket posi t ion
( i . e .  t h e  b u c k e t  i s  k e p t  c l o s e d ) .

The f lor-neter is set to zefo.
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6. l -ower the plankton ne! lnto the sea unt l l  i t  reaches the
deslted depih. The depth desired lB usual ly 3 n above the
sea f loo!.  Thus, the length of ldre relessed depends on
the sea coadit ion. I f  lhe cur lent Is strong, l t  16
prefersble to pay out lr.rre rrlre to enable the plankton
net to reach the 10r€r vater

7. The plenkton net takes 1-2 rdnutes to leturn to e straight
vert lcal  posl t lon in weter.  During thel  per lod, use the
clinonete! to messure the slope engle of the rdr€.

8. Haul up the plankton ne! at a
the wlre, use a cloth to ( ' lpe
grease i t .

9.  A6 soon as the plankton net lB
the f los-neter i rdnedletely and

speed of 1 n/6ec. When heavlng
the rrater fron lhe wlre and to

pul1ed up onto the deck, Eead
record l t .

10. Detech the plenkton ne! from the wire end releeBe the welght
t led on the rope of the net.

11. Limelse the lower end of the plankton net in water codlalned
ln a plast lc vessel for samples. Then wash off  the plankton
speclmens etteched to the net lnto the bucke!.  Open the tep
of lhe buckel and 1et the eater frosr lhe bucket drain into
a 250 n1. plasl lc sanple bott le.  Close the tep and repeet
the same procedute unt l l  a l l  lhe speclmens have been col lected.

(In cese lhe tube of e bucket ls blocked by le11y-f tsh or other
nacloplankton, press the cyl indl lcal  plest lc tube of the
bucket car:eful ]y.  Then poui the bucket-rarer into the sanple
b o t t l e ) .

12. Add neutral  solut ior of  forualdehyde to the sanple to 4-57"
of lhe total  volume 1/.

13. Record the da!e, t lme, depth, l r t re length, stsl lon number
ard sample nunber on the record fonn.

i.3.2. &E&9!!gl--!9si!9,

Procedure

1. Connect the plankton net and !.eight to the towlng rope whtch
is t ied at the davi!  proiecled fron the hu1l.

2. when the vessel is et a unlforh speed of 2 knots, lolrer the
planktori net to the sea. The nouth of lhe plenkton net rnust
be edjusted to inherse complelely in the sutface weter.

1/ The absolute foraldehyde solut lof l  is ebout 402. Elght to ten
t lnes dl lut ion of the solut ion id11 elve a 4-5% concentrat lon.
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3. After tordlng for exact ly 10 minutes, pu1l up the net onlo
the deck and read the f low-meter lsmedlately.

4. Col lect the plankton speclmen in e 250 n1. plast lc bott le
and presene the sample in 4-5% formaldehyde.

5. Record the date, t ine and period of towing, the stat ion
nsr0be., Eamp1e botlle number end floe-merer reading on the
record form.

!9e: In both vert ical  heul lng and horizontal  to\r ' lng, af ter
col lect ing the plankton sample, never forget to do the
fol lowlns:

(a) Wash the plankton net throughly.
(b) Set the f low-meler !o zero.
(c) Turn rhe tap to paral1e1 posit lon to the bucket.

5 . 3 . 3 .  C a l  i b r a t l o n  o f  f l o w - m e c e r

The revolul ion speed of a f low-nerer is related to the lubr icat ion
of the propel ler,  thus, the f low-rneter should be cal lbrated in every
occanographlc survey cruise, The depth of the sea is preferably not less
than 70 rn, The cal lbrat ion can be done when the sea is fair ly calrn.

Procedure

1. Test the revolut ion of the wlngs of the f low-meter by b1olr ing
before cal ibrar ion,

2. The f low-meler ls nounted at the centre of the mouth r lng
ftom which the net is renoved.

3. Lower the nouth ring mounted \rith the flow-meter by paytng
out the wire- to. the desired len€lth.  The desired length is
5 m less than the depth of the sea or not exceeding 150 m.

4, As soon as the desired length of wire is paid out,  neasure
the ei .e angle wlth a cl lnoneler and haul up the l r i re at a
s p e e d  o f  1  n / s e c .

5. When tbe r ing is ralsed on deck, r€ad the dlal  gauge of the
f lo\r-meter and record the reedlng. Angle of I ' t re ls recorded
for informal ion, but not for calculat ion of the depth of haul.

6 .  R e p e a t  t h e  a b o v e  p r o c e d u r e  u n t i l  n e a r l y  c o n s t a n t  r e v o l u t l o n s
are obtained -
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7. The revolut ion rate, r- ,  of  the f lorrr-neter ls calculared
as fo11on6:

revolut lon vl thout net

v - o.t6 : -l9g = 10.8 n3
10 ,4

wire le$gth paid out during callbration

8. Volune of water f l l tered by the net ls calculated as
fol lo\rs;

- -  - 2  R d

where V ls the flltratlon volume, r th€ radius of net rlng, and
Rd the rotatlon of flow-x0eter ln sanpllng t{lth ne! fron a depth
d. CSK standard net is 45 cm id nouth dlarneter and Japan
atandard net is 23 cll, thus the nouth exeas of the two nets

c s K  n r 2  =  3 . 1 4  x  2 2 . 5 2  =  1 5 9 0  c m 2  -  0 , 1 6  n 2

Jepan I t  t2 = 3.14 x 11.52 = 415 cm2 - 0.04 ur2

9. If the mean revolutlon of the flolr-neter without net for
80 n haul is 834 end lhe revolut ion of the f lo\r- ioeter ln
a 75 !r  pladkton sampl ing haul ldth CSK ner is 700, the[
the f l1 lrat ion volume ls:

._=ry=1s.a2
80
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Table 1.2.5, weighL and buoyancy of f loats.

Material specific gravity Buoyancy per Buoyancy per kg
weight in air (kg)

cork

Paulownia

Pine

vinyfon/sponge
(soft)

Vinyl,/sponge
(hard)

rubber/sponge

Synthetic cork

Ebonite

in dia.

class/30cm
in al ia.

0 . 1 7 5  ( 0 . 3 2 1 )

o . 2 9 4  ( O . 7 4 5 )

0 . 5 0 0

0 . 5 9 8

0 . 0 9 9

r29

243

o .294

0 .375

0 .379

0 .348

2 4 4

245 (679)

106 (2rs)

500

402

9 0 1

4 7 1

'757

706

625

62I

652

'756

4 . 7 r  1 2 .  L 2 )

2 . 4 A  1 O . 2 1 )

1 , 0 0

o . 6 7

9 . 1 0

6 . 7 5

3 . 0  3

2 . 4 0

t . 6 4

1 . 8 7

3. t0

*) Figures in parenthesis shovr the values after beinq in

water for 30 days,
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Tab1e 1".2.6. sinhing power of, sinkers.

MateliaL Specific gtavity
Sirikj.ng polrer p€!
Iite! ( kg )

Sinking pcrre! per
kg lreight in aLr

( k g )

Lead

Ilon

Brass

GIa6a

Stolre

Bricl<

Sand

Soll

?orcelain

Conc].ete

11..35

?. a5

7.a2

2 . 7 0

r.90

1 . 8 0

r .50

2.13

2 , 6 0

r .72

3 . 0 0

6 . 8 3

f,. 70

1 . 7 0

o . 9 0

o. g0

0 . 5 0

2 . 7 5

1 . 6 0

o.72

2 . 0 0

0.861 o.a?2

o.472

o .630

0 .630

o .47  4

o .444

0 .530

0 .682

o.42O

0,666
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lrable 1.3.!. PlopelLie6 of stntletic fl-ber6 dit cottd.

l.iatdials are dyed before the tjble6 nahinq pro@55 is dde.

----__._.\"*.t.

PlorElties -\\
I ""t"-

1 . 1 4 1 . ? t 1 . 3 9 1 . 3 a 0 , 9 5 1.  30 0 . 9 1

2 , 5 - 4 . 4 6 , 4 - 4 . 4 4 . 2 - 6 . 4 5 . 0 - 9 . 0

5 . 9 - 6 . 9 t . 5 - 2 . 6 2 . 1 - 3 . 7 5 . 0 - 9 . 0 3 . 2 - 4 . 5 5 . 0 - 9 . 0

bleakirs Pt./d!y (l) 16-22 16-33 15-30 10-40 L7-26 25-60

bleal<ins pt./€t(t) a 15-30 7-13 10-40 19-30 25-60

4 . 5 0 . 2

(kslm2,J 400 320-510 300-450

1AO L4o-140 60-100 234-240 105-115 r40

n5 260 125-130

Resistance to acials
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Trble 1.3.2. P.rtlcElas of senerat klnda of gi1l net.

N>t Paltlcula!€

"r.o}>r

r..{Ddls of c111

Flying llsh

coil

DliJr gill net

Drift gIlL n.r

2,5-  4.5

5 . 5 -  7 . 5

4 . 5 -  6 . 0

6,0-r0.5

?.0-10.o

9 . 0 - 1 2 . 0

?.5-14.0

5.0-30.0

5 . 0 - 5 5 , O

8.0-14.0

2.O-L7.O

s.o-20.0

4.0-10.0

4 . O

5 . 0

a.o

4 . 0

t 2 , 0

10,0

r0 .0

7 . 5

20.0

4 5 . 0

1 5 . 0

12.  o

1 2 . 0

5 . 0

4 - 6

4 - 9

4 - 6

6-14

4-LA

t2-15

s-L2

I2-30

4 - 9

r5-45

15-24

9-ra

9-24

3 - 6

9

5

l5

IA

2 \

2 7

lrlo-?o0

60-200

40-200

40-500

60-500

60- 75

25- 75

40-200

20-100

20- 40

6- 15

5- a0

15- 40

lo- 45

10-150

200

60

55

r50

25

7

20



Trbl€. 2.1,1. Finaness Co€ff lc lcnt!  of  Fl lhtnS Bo.tr .
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T.bh. 2.1.2. cocff lc lent K ln
Irtarnatlonrl
Fordtl. of CT
I{al6urcocnt ,

Type of a16h1n8
Boat

Elock
Coef f lc lent coef f lc ledt

Utdshlp
Coef f ic lent coef f lc lent

Flshe!y Parr.I
Boat

Lhale Catcher

T(dla- ed BonltF
Fl;hlns Boat

EuIt Trsrler

Tla\rl Boat

RoI I  Net  F lshlna
Boat  (Purse Selne!)

46-0

48-0

6 3-0

54

56

72

0,59-0

0 . 6 1 - 0

0 . 5  7 - 0

66

70

70

57-0 68

58-0

60-0

66-0

66-0

65-0

63

0

0

7 l

7 7

1 4

72-O

80-0

9l-0

l9

0 8 8

o 9 1

0

0

9 1 - 0 . 9  3

8 8 - 0 . 9 6

0 90-0

91-0

96

0 9 5

76-O

83-0

1 9

8 l

90

0

0

81-0.86

a3-o.92

79-O 86

0 94

;.,

; l

; ;
; i
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T.blc. 2,2,1. Spced of l i .shing Bo.t l .

Type of Ftshlng Boat
I€ngth of

a Boat
Speed 1n

Knots
Speed-I€ngth

Itatlo

Flshery t.tr.l Boat

Flshery 1ralnlng Boat

llhale Catcher Mother
Boat

llhale Catcber Boat

Tune-fishing LonS-Llnlng
Boat

Bonlto-Fishlng Boa!.

Trawler

DulI  Trawler

llediuh size lra$l
Flshing Boat

Purse Seiner

(Others for ConlParlson)

Deatroyer

Larte Slze Passenge!
Liner

Itlgh-Speed CarSo Boa I

Regular cargo Doat

24,50

68,00

59. 15

52.00

24,3r

41 .  70

24.39

L26

330

130

L5 .00

16 .56

18 ,02

13 ,78

9 .44

12 .50

9 .85

9 .9  3

40

20

I5

t . 82

2 .34

1 .  91

r .92
t .  78
2. I9

2 .09

2.0r

3 .60

1 ,66
L .32
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" - . / r . ' . .

T.ble. 2.?.2(b). Vlr lou! Coeff lc1.nt. of f l .hlng Borte.

LIB
L.B.D

^lfuu lo.d)
L.B.D.

lEp.ction ot r.F.rch bo.r Grccl)

Filh eri.r boal Gr..l)
.d , l to .  { *ood)

.d i r lo .  ( *ood)

l-borr pur4 r.iot {3r..1)

sricl h.ld dip n t borl (sood)

M$l.rc .nllnt borl ($ood)

Squid.n!li.S bo.t (rood)

5 416

4.55

5.788

5,81

5.568

4.56

5.33

4,80

5,95

5 , l l

5 .20
,l.El

1.74

4.211

1.21

1.2E

4.66

4.68

4.27
i|.94

t0 .69

r0.00

10.56

I  I .4O

9,60

10,92

9 .  ! 6

10.40

9.07

l  l , l 5

10. t4

9.30

10,22

9.EE

9.21

6.s2

9.51

9-90

9.?0

9.99

9.80

7 . 1 1

t .85

l ,9 l

2.04

1,96

2,01

t .95

t ,89

I , 8 ?

2,01

\ .19

2 . t 2

2.05

2 . t 5

2.O7

2,24

2 . t 2

2 0 7

2.06

2.n2

2 . t o

o.263

0.2s

0_254

0.12

0.27

0.10

0.255

0.19

0.256

o.21

0.26)

0,245

0,158

0. :16

0,21

0.28

0.215

0. t65

0.242

0,276

0.124

0,234

0_351

0.365

o.111

0.151

0.349

0 , 1 6 1

0.J16

0_145

0.361

0_362

0.137

0_405

0.369

0.360

0.1E3

0.370

0,413

0.t25

0.151

0.114

0.344

0.451

0.516

0,613

0  5 2 1

0_592

0.5?0

0.598

0.549

0.s00
0.540

0,552

0.J75

0.565

0.4?l

0.585

0.540

0.5 l7

{r_468

0.515

o.412
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f . b1e ,2 .3 ,1 .

T .b l e .2 ,3 .3 .

Prlnctp.l  Dedenslons T.blc. 2.3,2,
of Trev1cr.

FlnenesB Coeff lc lcnt6
of Traelerr

Prloclpel Dirdenal.ona
of Tvo-bort T.erler
and Uedluo lrawler.

T rb l c . 2 .3 .4 . Fi.neners Coeff lclentg
of Teo-boat Tr.wler
end lledlud Trruler.

! Ltb LID BID

a5
' 5 0
JJ
60

5.5 -  5.E
5,6 -  6,0
5,E -  6.2
5.E -  6.2
5.8 -  6.2

9,? -  10,3
l0.J  -  t0 ,9
t 0 . E  -  1 1 . 6
l l :  r  1 . 8
n.4 t2.0

1.7 - .  t .9
t . 1  -  2 . 0
1.1 -  2,1

1.8 -  2.3

0,58 -  0,67
0.66 - 0.72
0.88 - 0.91

L/B r/D BID
27, M

26
28
30

4.8-5.2
4.9-5.1
4.9-5.4
J.0-1.6
5.0-5.8

8.4- 8.9
4.7 -  9,4
9.6 9,9
9.8 r0,2

1 0 , 5  l 1 . 0

1 . 7 - 1 . 9
1,8-2.0
LE 2.0
1.9-2.1
t .9 2.2

l 8
20
22
21

4.1 4.5
4.2,4.A
4.4-5.0
4.5 5.2

9.5 10.0
9,5 l0  I
9.6 10.2
9.1,  r0. t

2.O-2.6
1.9-2.5
l_8-2,3

cb
c-

0.50 - 0.58
0.58 - 0.65
0.83 - 0,92

0,58 -  0.67
0.65 0.? l
0.8? - 0.95

0,52 0,60
0.58 -  0.6?
0 88 0,91

0.58 - 0.54
0.61 -  0.71
0.90 -  0.93
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T.bl..  2.3.5. TuhlnS C.P.cttY of
Purac Seloar.

f.ble. 2.3.6. PrtnclP.l Dtoeo.lotrr of
tun. Long Llner.

2 5 >
2 i -
3 0 -
4 0 <

> 2.m
> l.ga
> 1.90
> 1.80

30
JO

Teble. 2.3,7, f lnen..! co.ff tcL.nt.
of luna LooS LlnGl.

Tin. rcqutr.d for runins cird.

22>
2 2 <

3,0

<  190
. < s.ro
< 5.50
< 6.00

< 10, o0
< rr.o0
< u.50
< 12.-00

c.af lltht Pull

Stccl c,
Cs

0. ',-!. 6,1
0.63-0.66
0.90-0.95

0,65-0.70
0,69-0.73
o.92-0_97

IJaoileo c,
0.57-0.6'l
0.63-0. m
0,85-0,9l

o.5l-0.72
o 6a-o. ta
0.8E-0.98
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Teble, 4.1.1. Propert ies of Refr igerenlB.

t"lethyl
c.h loride

NH3 cH3cl ccI2E 2 cRclF2

Evaporating latent heat

(-15oc) (Kcal,/kc)
3 1 3 . 5 1 0 0 . 4 52.O

Boiling point

(atur.p. ) (oc)
- 2 8 . 8 - 4 0 . 8

Evaporating Ptessure
(-rsoc) (xql"^?ub". )

I . 4 9 1 . 8 6 3 . 0  3

Condensing pressure

(gooc) (t<q/cm? als. )
1 1 . 9 6 . 6 6

(saturated vapour -15-c)
(mrlkq)

0 . 5 0 9 o .279 0 . 0  7 8

Clj.tica1 pressure
. - 2 1 1 6 . O 4 0 . 8 5 0 . 3

Cf,itical tel!)er.ature

( "c)
1 3 3 1 4 3 9 6

Cornpression ratj.o

1:gos, -15os1
4 . 9 4 4 . 4 8 4 . 0 I 4 . 0 6

Areezing point

(atn.p.)  (ooc)
- 7 7 . 7 -158

Re frigeration effect
(standard c!'cle)
(Kcal/'Lq)

269.O 8 5 . 4 29,6 40,2

llP per ton

(at stanalaral condition)
0 . 9 9 0 , 9 6 1 . 0 0 1 . 0 1

Corrosi\,€ness to othet
tlEtals effect to netals to Cu and

Cu alloys

Corrosive,
lf contain
in[)uxities
to A1,

i f  conta in

Mg. Al
a l fovs.

of P-12

Oi1 niscit ility l€s

E).plosiveness r
(volutrE *)

16-25

hflamnability s l-ight

Toxicity 2 6 5

violent



1.b1. .  4 .2,1.  ch.r&t . ! l . t lc .  o f  s . tur . t .d  Adlonla,

11

t .297
r,354
1.474
1.604
1.742
l il,19

2,046
2 . 2 1 3
2- 3t0
2.4t3
2 , 5 7 '
2.674
2 . 7 1 9
2.n83
2.t91
3 . 1 0 2

3 . 3 3 2
).452
1 . 5 7 6
5.703
3.834
3.969
4 , 1 0 8
4.25C
4.369
4,546
4,700
4.tl59
5.139
a.337
5 . 7 1 l l
5. t04
6.2u9

7 . 1 1 9
7,564
7 . 7 9 5
3 . 0 3 1

9.O3t l

Llquld

Kc. l /

1.4B95
1.4923
1.4980
1,5037
1.509[
l .  t t 5 5
1 . 5 1 0 5
1 . 5 2 1 5
7.5276
r . 5 3 3 8
1.5369
I.5400
L.5432
1.5464
1.5469
1.5528
1 . 5 5 ^ l
1.5594
1,5627
1.5660
1.5694
1.5721
1.5761
1.5796
1.5831
1 . 5 8 6 6
1.5901
1,5936
t.5972
l.6cG8
1.6031
1.5156
t . ^ t 1 3
l.  r .231
1.6300
1.6386
1.6466
1.6546
1.6580
1.6630
1.6714
1.6800

o.7712
0.73n5
0.6782
0.6236
o.5142
0 . 5 : ? 5
0,5087
0.4889
0.4520
0.4184
o.4028
o-3{178
0 . 3 7 3 5
0.359t
O.3tt59
0.3344

0,3002
0.2891
o.2r91
o.2100
0.2t i08
o.2520
0.2435
0,2353
o,227 5
0.2200
0.212n
0.2058
o.1927
0,1806
0 , 1 7 4 9

0 . 1 t 5 1
0.1494
0.1405
0.1322
o. l2r l3
o.1245
o. l . l r4
0 . 1 1 0 7

0 , 6 t 1 4
0.670r
0.6676
0.6550
o,6624
o.6trB
0 , 6 5 8 5
0.6572
0.6546
0.6520
0.6503
o.6491
0.6480
o.64(7
o.6453
o.6440
0.6426
0.6413
0.6399
0.63C6
o.6372
0.15358
o.6345
0.6331
0,6317
c.6303
0.6289
0.627 5
o.62f.l
o.6247
0.6218
0.5190
o. 15175
0 . 6 1 6 1
0,6132
0,6103
o,6073
0.6041
o.{ic20
0.60r3
0.5983
o.5952

72,78
7 3 . 8 6
76.01
7 8 . 1 7
c0.33
n 2 , 5 0
8 3 . 5 9
0 4 . 6 8
86.U5
89.03
, 0 . 1 2
9 1 . 8 1
92.30
93.40
94.50

9 6 . 9 6
9 7 . 7 9
9 8 . 8 9

100.00
tot.10
102.21
LO3.32
104,43
105.54
106,65
107,16
108.87
10t.19
r t l , l l
113.35
1r5,59
t76.72
117.115
1 2 0 . 1 1
722.3A
t24.66
129.64
128.09
t29,24

393.72
394.0?
394,71
395.46
396.13
396,19
397.12
39f,44
398.06
394.61
390.97
399.21
399.56
399. a5
400.14
400.42
400.70
400.98
401.25
40t.52
401.78
402.04
402.30
402.55
402.80
403.04
403.27
403.50
403.13
403.95
404.38
404.79
404.99
4 0 5 , I t
405,51
405.93
406.27
406.59
406.75
4i5.49
407.I t
407,43

1 1 3 0 . 5 4
l r i 3 . B 4

Kc.l/'..i{ xc.l/ks

-25

-22
-20
- 1 8
-16
- 1 5
-14
-12
- 1 0
- 9
- a

- 6
- 5

0
+ I
+ 2
+ f ,

+ 5
+ 6
+ 7
+ 8

+I0

+14
+ 1 t
+14
+ l B
+2J
+22
+24
+25
+26
{28
+30

0 . 8 9 6 0
0.9003
0,9089
0 . 9 1 1 7
o.9259
o.9t4J
0  - t 3 e 5
o.9427
0 . 9 5 1 1
0.9593
0.9634
0.96?5
0.9716
o.9751
0.9798
o.9tt39
0.9880
0.9920
0.9960
1.0000
1.0040
1.0080
1 !120
1.0160
1.0200
1.0240
1,0280
1.0319
r.0358
1.0397
1.047 5
1.0551
1 . 0 5 9 2
1- 0631
1.0709
1 . 0 7 8 5
1.0862
1. O9t8
1.0976
l. l0 l4
1.1090
r . 1 1 6 5

? , 1 8 9 6
2 . 1 8 5 3
2.1744
2 . 1 1 t o
2 . 1 6 3 8
2.1561

2.1498
2,t430
2,1352
2.1329
2.L'  )6
2.1263

2.t167

1.1103
2.1072
2. lo4l
2.1010
1.0979
2.0949
2,0919
2 . O e B g
2.0859
2.0829
2.O799
2 . O 7 ? O
2.O141
2.0681
2,0626
2 , 0 5 9 8
2 . 0 7 7 4
2 , 0 5 1 .
2.0459
2.0405
2,015t
2.0124
2.0297
2,0247
2 , 0 t 9 1

1 . 5 4 6
1 . 6 1 9
1 . r 1 4
1.940

2.109
2 , 4 1 0
2.5t4
2 . 1 3 2
2.966
f.0n9

1.t47
3.418
X.(tl9
3 .  t 6 l
3 , 9 0 8
4.060
4.2t7
4.379
4. 545
4 , 7 1 6
4.892
5 . 0 7 3
5 , 2 t 9
5.450

5.449
6.O51
6 , 2 1 1
6.715
t, l t lJ
7.421
1 , 6 7 1
8 . 1 6 9
8 , t 1 4
9,314
9 . 9 1 5

to,22t
LO.544
u,204
1 l , 8 9 5

320.94
320.22
3tt..76
317.29
315.80
314 -2' '
3 1 3 . 5 3
3t2,76

30r.64
308.C5
308.05
307.25
306.45
305.64
!04.83
!04.01
303,19
3C2.36
301,52
i00.68
299.84
294.99
298.13
297.26
296.39
2 9 5 . 5 1
294.63
293.14
292.i.4
291.03
2a9.20
2tn.27
2n1.34
285.46
283.55
2 8 1 , 6 1
279.65
278.66
277.66
2 7  5 . 6 4
273.59
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2 . O

Fiq. 1,2.1. Relat ionship hetwcen
and nunher of si nler.

J . :  ( E I n e S l

weight of sinkers

the sin](ing velocity

l,lajor Fishing bases fot Purse Seiners
anal scasons of operation.

F i g .  I . 2 . 2 . .
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in  s t retched length

Fig. 1.3.1. Diasiar.s of spanish mackeret gi ] ]  net.

I24 m in comDleted lenqth

\ylon 2fo dTte- varn to.z cm

saran l8o /18- Yarn 10
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Fig, 1,5.1. General  arrangenent of

tranl gear,
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H . R .  3 7 -  7  m .

c .  R .  4 ? . 6  m .

t m r d ( L e = 2 . / r n ,

(middle = 1.6 n)

ts

I
180

t
I
I

lao

I

+
140

+
f80

.t
1 2 A

I
T
I

a0

I
I

6 0

t
40

+
40

I

*
T
t 2

+
I

69

I
I
t

2 2

+
9

I
10

t
I
50

t
100

UPPER

\,-j

$

2 . 7  n .

50
( ro ) 1 .

/8

+
I

1 2 6

I
2 2 0

I

eN
t

5 5

Fig.1,5,2, Design al iaqram of two-seamed trawl net.
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Iore 6heer

Flg. 2.1.1. Longttudtnal cro38 Sect lon
of f ishlng Boet.

B

1se of  f loo!

B a s e  l i i e

Laterel  Cross Sect ion
o f  l l s h i n g  B o e t .

F  L E .  2 . 1 . 2 .

f,oA

LPP
Upper deck

Bl lge / ' -
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F tg .  2 ,1 ,3 (€ ) ,  P r l nc iP . l
Dlmenslons for
obt.lnlng Block
coeff lclent.

F]l
Ftg .  2 .1 .3 (c ) .  P r l nc iPa l

Dloenaions for
obtetntng Mtd3htp
coeff iclent.

F 1 8 .  2 . 1 , 3 ( b ) ,  P r l n c l p r l
Dlmenslong fot
obtatnlng PrlBmstlc
Coeff lc ietr t .

I t g .  2 . 1 . 3 ( d ) ,  P r l n c l p a l
Dloenslons fo!
obta{olng Weter
Plen Coeff lc lent.
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;t-r - r ;l4l---triai*_- r" 6- w
r- l'-r.--- =. +.n,9.-u_=.-3 -l,-=r..r.-'-r"- '- ' t

; 9. ji :ii. : -.,r+:-= ::1,+ ; ii f

O  W a t e r  t a n k  O  F l s h  h o l d  O  F u e l  o i l  L a n k
@ Enslne 1060 O Refr lserat lns room
@ rish hord (O Fuel ot l  tank O I tater tank
60 Fuel ol l  tank O Chain locke! @ Fishing gear storaBe
(3 Radlo room d4 Master 's accomnodatlon
03 off lcersr accor0nodat ion dO Cre\r 's acconynodarton
@ Refrtgerat ing roon 03 Lighter
@ Deck store 6 varer cank €) Ftsh hold
@ Fuel o11 tank 6 Chaln locker

Flg. 2.2.1. cenerel  Arrangenent of Fishing Boar.
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Speed (ln knots)

f lA. 2,2,2, spe.d ve Eo cPonct
Curva.

Indcr of Purac Salllcr.Ftg,. 2.3,1, Chrr.cterlrt lc
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c2

v^ T t t

F lg .  3 ,3 .1 .  o t to  cyc le  o f
Internal Combus-
t lon Englne,

Ftg. 3.3.3. ssb.the cYcle of
Intetn.l Combus-
tion Englne.

ILA .  3 .3 .2 .  D iese l  Cyc le  o f
lnternal Combus-
t lon EnBlne.
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) Jl|n/F
to l

l[1/,s)\
\/

a
sgitria{E

1 ,  P i s t o n
2. Cyl inder
3. Connecring rod
4, Crank shaf i

F t g . 3 . 4 . 1 .  S t r o k e s
DleBcl

C D
E^PAfls/OH Errr,sf
s720EE

5. Balanctng nelght
6. Suct lon valve
7. Exhaust valve
8. Fuel valve

of !our-stroke-cycle
Englne.

FfA. 3,4.2. Stlokc of luo_stroke_cycle Engln€.
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Fig. 3.5,1. Schenrt lc Representat lon of
Conbuat ion Turblne.

(3 )

(4 )

(r)

(2 )

Anglne room

Shaft tunnel

Maln englne

Shaft tng
(5) Propeller

? 1 9 . 3 . 6 . 1 ,  S c h e m s l l c Representat lon of Propulslon Systen.
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Ftg. 4.1.1. Iddlrect Refrlgrr.t lon Sy.tor!.
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Sp&rlr enthalp,

Flg. 4.2.2. Sk.lton Ph Chert
?hrae ReSlona .nd
PhaSe Chdnglog.

t 11us t ra t lng
Dlrectlon of

E

2

Sg..ili hr$r

ElA. 4.2.1. Sk6lton Ph Ch.rt .ho*lng P.thr of
conattnt Pre!ture, conatl lr t
Telrperatule, Constant Volusc'
Conatant Qurl l ty, Conatrot Enthl lPy'
ltrd Constant EntroPY.

ih. ro;m or a / n4'on oi phase (han8.
!!bc@red lqud) // \Rek ge.a t ts d I qtr d'

L|qU'd ro v.eor -+J 
sup€,he.red rea,on

vaeo, ro r'qu'd <-J ,;;;,h;atu;"p",,

',/ 
/ *^o*^

/ /  f
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a
3

E
€

Sodilk m i6ht

tLA. 4.2,4. Ptosaule vs. Enth.lpy DleSran
of Slnple Satureted Cyc1e.

FlE. 4.2.5. Fl.ow Dlegrrn of Slople Sltur.ted cycle.
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