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Abstract

Sea Surface Height or Sea level amplitude, phase and trend in the Gulf of Thailand
(GoT) and South China Sea (SCS) have been derived from 1993-2010 multi-satellite altimeter
data. First, amplitude plot shows high amplitude in the GoT and a lower one in SCS.
Second, the phase plot gives the degrees starting with 1 January. As number of degrees is
almost the same as number of days for a year (360/365), this basically says where the
amplitude as given in the amplitude plot will have its maximum, so for the entire the GoT
which can be said this is around middle of January (the high peak), so half a year later low
peak will be seen. Last, sea level trend plot shows average sea level rise rate is 3.4 + 0.7
millimeter per year in the GoT and higher rate is also found in SCS which is higher than
global average sea level rise rate (3.2 millimeter per year). Sea Level Anomaly shows two
modes: (1) Low water level remains along the axis with heights on both sides (coasts of
Asian continent, Borneo and GOT) when northeast monsoon prevails (November to January)
(2) High water level remains along the axis with lows on both sides when southwest
monsoon prevails (May to August). We also found that during 1997-1998 ENSO (El Nino-
Southern Oscillation) event, sea surface height in the GoT and SCS is much lower than

normal situation.

1. uni

n1snsrafan1sERUTI9 Aoy
(Satellite Altimetry) Jumadalunisnsiainen
PYIEURIRWITELA (sea surface heights) 1u
sefuth Aau Tnemsananinduse daumeeen
MnLEdrye I (antenna) TugsRantmeia udn
awvioundUINSIHFU (receiver) laguuniuiien
Usnaufunmsvmusuwniiiutiueneseifion
yhlensnsavmmenugesdviivea idesms
Anwld aafiendildusing1n Ussneudae
Afiey TOPEX/POSEIDON 1HulAsenisaaa
39519 National Aeronautics and Space

Administration (NASA) ¥99@%3geluanT way
Centre National d’Etudes Spatiales (CNES)
vl Saaa Inedl Jet Propulsion Laboratory
Fadunmheauresund lulesmeniun §5
wadrlesilly WudSuAnveuludiuvesansy
At Sensors s q Usnaudhe 13esin
Mg 3esmsadundulilasian iniesuen
funtislan (GPS) wdesinnisasiiouveuas
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suuthmzia 1336 Alawas eldlunsing
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The Effect of Fouling on an Increase in Skin Frictional Drag on a

Ship’s Hull and the Reduction Techniques
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Marine Engineering Department, Academic Branch, Royal Thai Naval Academy

204 Sukhumvit Road, Paknum, Muang Samut Prakan, Samut Prakan, 10270, Thailand
Abstract

A ship’s hull is typically covered by fouling even thousgh it is protectd by anti-fouling
systems and this results in an increase in skin frictional drag, higher fuel consumption and
eventually an extra operational cost. In this paper, the approaches to cope with ship’s hull
fouling in the past such as anti-fouling ship-building materials and anti-fouling paints are
provided with their limitations. Furthermore, the effects of fouling on an increase in skin
frictional drag are presented in both terms of ship performance and an operating cost. It is
found that, in the study of the Arleigh Burke-class destroyer, even the presence of small
calcareous fouling or weed could generate an increase of 31% in shaft power and the
operation cost of dealing with a fouling issue could be as high as US$ 2.4 million per ship
per year. Three noticeable techniques of skin frictional drag reduction, namely air layer,
outer-layer vetical blades and polymer additives, are introduced with the basic concepts.
It is observed that the fully-continuous air layer could reduce more than 80% in the local

frictional drag.
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1. Introduction

Marine Structures, even those with
the protection of anti-fouling (AF) systems,
are regularly colonized by fouling organisms
leading to an increase in skin frictional drag.
This increase causes the performance loss
of marine vessels, decreased speed at
maintaining effective power or added power
at keeping desired speed. Consequently, an
economic penalty due to higher fuel
consumption for typical marine vehicles,
scheduling problems due to delays for
cargo ships and strategy issues due to

undesirable speed for naval vessels are arisen.

In order to solve the increase of skin
frictional drag caused by fouling, the use of
different materials for ship hulls instead of
steel or iron was introduced. Between 1862
and 1904, to prevent corrosion and fouling,
steel or iron was replaced by wood as a
ship building materials [1]. Copoer coating
was then applied to wooden hulls to
protect them for destruction. As a by-product,
copper kept the hulls from fouling at port.
The efficiency of copper as an anti-fouling
material directed to attempts to clad steel
or iron with copper for a hull material.
However, accelerated corrosion was found
for such a combined material. The influences
of fouling in this period were clearly
illustrated by a quotation from one of

Instituion of Naval Architects (INA) in London

[2]. He says “of some protective and
anti-fouling compositions in use by the
Navy, it is no exaggeration to say that, as far
as speed is concerned, one half of our fleet
would be useless before one year had
elapsed, from the accumulation of rust,

weed and shell.”

Anti-fouling painting was considered
to be an effective approach to keep ship
hulls from fouling. The first record of
anti-fouling paints was in a British Patent of
William Beale, in 1625. Until 1895, there
were more than 300 anti-fouling paints
registered. It was observed that most of
them were quite ineffective. One of exotic
anti-fouling paints was the paint with a
mixture of fish scales and red lead. Holzapfel
[3] conducted serveral experiments on
‘vanishes’ anti-fouling compositions. It was
found that the combination of copper and
mercury was very effective. However, this
composition was “capable of being gradually
dissolved in sea water,” The practical proof
of this problem was the inter-docking
periods of 2-2.5 of the ships with ‘vanishes’
anti-fouling coating. Therefore, the application
of ‘vanishes’ anti-fouling composition was

gone down for the next 70 years.

The usage of self-polishing copolymers
(SPCs) including tributyl tin (TBT) as a biocide
was proposed to demolish fouling on ship

hulls. This ‘self-polishing’ paint, for practical

18



use, could ensure a foul-free hull for up to
5 years. However, while the paint itself
become smoother, it contributed more
roughness to the ship hulls as a result of
surface damages. Nevertheless, the success
of tributyl tin as a biocide was not last due
to environment concerns. Therefore, tributyl
tin is now banned for marine applications
in some regulations.

Although these techniques presents
the potential to resolve a fouling issue for
marine vessels, they show some limitations
and restrictions. As a result, these techniques
become impractical and the fouling issue
still remains. Eventually, skin frictional drag
reduction techniques in addition to anti-
fouling systems are introduced to compomise
the increase in skin friction drag due to
fouling. The most noticeable techniques
for the reduction of skin frictional drag,
mentioned in the ITTC (International Towing
Tank Conference) quality system manual
for resistance and propulsion test and
perforamnce prediction with skin frictional
drag techniques, are the air lubrication, the
outer-layer vertical blades and the polymer
additives.

In this paper, how fouling generates
an increase in skin frictional drag is explained.
The quantities of skin-frictional drag increases
as a result of the presence of slime and
shell are then given. In addition, the
economic impact of an increase in skin
frictional drag is discussed. Finally the most
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noticeable techniques for skin frictioanl
drag reduction are introduced.

2. Skin Frictional Drag

For marine vessels, skin frictioan drag
completely arises as a result of the viscosity
of the flow moving along a ship hull. Skin
frictional drag on some hull types can
present as much as 90% of the total drag
even though the hull is out of fouling [4].
Therefore, an increase in skin frictional drag,
even with a small amount, can play an
important role in the total resistance of a
ship hull.

2.1 Effect of Fouling on Skin Frictional
Drag

The effect of fouling on skin frictional
drag can be observed in the mean velocity
profile. In other words, fouling causes a loss
in momentum in the inner region where
the local mean velocity is a function of only
wall shear stress, fluid density, kinematic
viscosity and distance from the wall. This
region is characterized by a downward shift
in the log-law. This shift is called the roughness

function, AU *and calculated as Equation 1.

AU = Alog[y*1+B (1)

where A4 is the log-law slope which is equal
to 5.62 [5], B is the log-law intercept which
is equal to 5.0 [5] and »" is defined as
Equation 2.
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L _yu,

v

Yy (2)

where y is the distance from the wall, u,_ is
the friction velocity and v is kinematic

viscosity of the fluid.

The roughness function as Equation 1
generates an addition of skin frictional drag
which results in the performance loss of

marine vessels.

2.2 Effects of Slime and Shell on Skin

Frictional Drag

Ship’s hull fouling can be categorized
into 2 groups: slime and shell. The effects

of both categories are presented as follows.

2.2.1 Slime

A slime layer forms rapidly and contributes
to the beginning of fouling growth. For the
hulls with only the presence of slime,
frictioinal resistance could be increased by
8-14% [6]. Bohlander [7] conducted a set of
full-scale trails on a frigate with an organotin
and cuprous oxide anti-fouling coating. The
results indicated that the total propulsvie
power was added by 8-18% due to a mature
slime film.

2.2.2 Shell

From the classic pontoon tests of Kempf
[8], the maimum drag increase emerged as
75% of the wetted surface area was covered

by shell fouling. However, even shell foulgin

overspead only 5% of the wetted surface,
the drag increase was found to be 66% of

the maximum.

2.3 Economic Impact of an Increase in
Skin Friction Drag

As an increase of skin frictional drag
occurs because of fouling, it is important for
ship operators to make a decision between
the unscheduled dry-docking and recoating
costs on the one hand, and the continuing
extra fuel cost penalty, in-service, on the

other.

Milne and Hails [9] presented the results
of global study on the savings due to anti-
fouling coating. The savings were determined
in for categories: fuel cost savings due to the
decreased frictional resistance, savings due
to expanded inter-docking periods, savings
due to consequential reduced dry dock costs
and indirect savings, for instance, savings
due to the lower requirement to transport
bunkers to refuel ports. The annual savings
in the four groups in USS were 720, 409,
800 and 1,080, respsectively. This yielded a
grand total annual saving, for the world
fleet, of approximately US$S 3,000 million.

The British Navy established an allowance
of a 0.25-0.50% per day increase in frictional
drag and therefore 35-50% increase in fuel
consumption was predicted for a naval ship
with 6-month operation [10]. Alberte et al.

20



[11] mentioned that increased drag due to
hull fouling wasted the US Navy US$ 75-100

million in fuel penalty.

In the consideration of hull cleaning cost,
there are two types of hull cleanings: full
cleaning and interim cleaning, according to
Naval Ships’ Technical Manual 2006. A full
cleaning refers to removal of fouling form
the whole underwater hull, propellers,
shafts, struts and rudders, while fouling
form propellers, shafts, struts and rudder is
removed in an interim cleaning. For the US
Navy, it is found that the average frequency
of full hull cleaning was 0.21 per year,
whereas teh average frequency of interim
cleaning was 2.4 per year. In 2009, the
estimated cost of a full cleaning was US$
26,808 and that of an interim cleaning was
USS 18,735.

Schultz et al. [3] investigated the
economic impact of biofouling on the Arleigh
Burke-class destroyer (DDG-51), a twin-screw
ship powered by four General Electric
LM2500 gas-turbine engines. It is found that
an increase of 31% in shaft power was
generated by small calcareous fouling or
weed at a speed of 15 knots. However, as
the speed was increased to be 30 knots,
the increase was reduced to be 20% for the
same fouling. Increases in shaft power was
associated with increases in fuel consumpton

which became the major determinant of an
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extra operating cost. It is noted that the
hull with such a fouling caused an increase
of 20.4% in fuel consumption in comparison
with the hydraulically-smooth hull. This is
equal to an extra cost of roughly US$ 2.4

million per ship per year.

3. Skin Frictional Drag Reduction Tech-

niques

As mentioned before, anti-fouling paints
with biocides are very useful for the
prevention of fouling on ship hulls. However,
some marine regulations currently prohibit
the use of biocides in anti-fouling paints.
This leads to a greater presence of fouling
on the hull resulting in an increase in skin
frictional drag. As it is difficult to remove
the increase in skin frictional drag, a number
of alternative techniques are introduced to

reduce skin frictional drag instead.

3.1 Frictional Drag Reduction with Air
Layer

Jang et al. [12] investigated the reduction
of frictional resistance with air layer on the
hull bottom of a ship. As air is injected into
the boundary layer of the wetted area, a
flow consists of both air bubbles and water.
If the amount of injected air increases, air
bubbles start to form patches covering the
surface. The patches with the co-existence

of air bubbles can called a transitonal air
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layer as shown in Fig. 1. It is observed that
the frictional drag on the surface with the
coverage of a continuous air layer can be
decreased successfully if the reduction of
wetted surface occurs. This is because the
friction with water possibly change into that
with air [13]. The decrease in the lcoal
frictional drag on the surface with a
transitional air layer can be obtained from
20% to 80%.

G Air Injection

EEEEa— L, G e
Fluw Bubble & Air Layver

Fig. 1 transitional air layer [14]

If the quantity of injected air is increased
further, the air layer on the weted surface
become fully continuous as illustrated in
Fig. 2. This fully-continuous air layer can offer
the reduction of more than 80% in the local
frictional drag [15,16].

u Alr Injection

Flow Air Layer

Fig. 2 fully-continuous air layer [14]

3.2 Outer-layer vertical blades

An et al. [17] conducted the experiment

on the application of outer-layer vertical
blades to a real ship model of KVLCC. The

arrays of outer-layer vertical blades are

installed at the side bottom and flat bottom
of the model. The characteristics and the
installation system of the blades are
demonstrated in Fig. 3. It is found that the
outer-layer vertical blades can yield the

resistance reduction of 2.15 - 2.76%.

h=d 802

Spanwise spacing 14, by

(=12 I lﬂnm&

Fig. 3 geometry parameter of outer-layer
vertical blades and installation system of
the blades [17]

3.3 Polymer additives

PolyEhyleneOxide (PEQ) is well recorded
as an effective drag reduction additive. This
additive is generally mixed with SPC in anti-
fouling paints. From the direct force-balance
measurement at high-speed circulating water
channel, more skin frictional reduction with
a maximum of 33% can be given by using
anti-fouling with PEO [18]. Nonetheless, in a
towing tank test, an additional decrease in
skin frictional drag due to an inclusion of

polymer additives is about 10%.
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4. Summary

Fouling has a great influence on an
increase in skin frictional drag of a ship hull.
The applications of anti-fouling systems are
proposed but most of them come with
limitations and restrictions. Consequently,
fouling is still a primary source of such an
increase. This paper presents three

techniques of skin frictional drag reduction
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nsAneszuuiilendisundniawasliaeldiawaslalannszduainaiudag
A Nd : YAG Laser System Study by Laser Diode Side Pumped

FYI8AEATIA15E WI. 5T YU

neivanduaziall hefinw lsaeuuneise
sualind 81neiiles Jminaumsusinig 10270

UNANED

flofiflouniamwefiluawosvesudswianils TnomanszduliAnmaasusssundsnu
TusBnuBnassedindsnuuaavidy warddafuiiteslulgiufeTlefdouusnamosuuuduas
soiilesiinszdusoiaweslaleniinuenadu 808 nm. awnsalinsdulilessu Nd* Tundnudn
WLU?{aussﬁuwé’amulﬂagﬂuammﬁqLaﬁsﬁ (*F3/,) mm’?iqm wEAAnNSLUAsULUAsTERUNS 1Y
970 (4F3,) indlaseaund sy (4 ») wdailiifanisuanldesdiuasawesiiiniiueiniu
1064 nm senan TleAdleuuniawesuuunseduieiawoslalondussuuiawesidusyavnmgs
fnuadnidledisuiviawesviaveudslnevlufinssduienaminvasnlwunay

Abstract

Nd: YAG laser is one type of solid state laser. The energy for pumping the
Nd: YAG crystal is obtained only from the light source, a new technology of Nd : YAG
laser, that is the continuous wave (CW) diode - pumped Nd : YAG laser has been
developed. The diode laser which emits the laser radiation at the wavelength of 808 nm is
used to pump the Nd : YAG rod. It pump Nd®* in the Nd*: YAG rod from ground state
to metastable state (#F3/,) , then it makes transition from 4F3/, state to 4I;1,» state by
stimulated emission and radiate the laser beam at the wavelength of 1064 nm. The CW
diode - pumped 4I;;,, Nd : YAG laser is considered as a high efficiency laser system.
The advantage of this laser system is a tiny laser system in comparison with the

conventional flashlamp - pumped solid state laser system.
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1. anandunvaslyniniside
Tumaustinstunuamesadusnlud aa.
1960 audstagiuiuilussuznailszunw 4
NAITSE RNTHAILINeA LA WAlUlaE
aEJ’]\ﬁ’JﬂLS’JVI\‘WI’NV]Z]‘H{]LLﬁuﬂW‘iuﬂﬂUSuEJﬂGﬂ‘U
wdaanasnsulanafedt 2 nswaumnedy
Inprmansuazinaluladlaiuiegemaiiios
17 1950 TninemansanansaranpauLiuan
Lanvinn dvim @F  anvian gaudi asi
Fndnihanuigsiient bilasm(Micowave)
FuAn9nNN1T vereaNuSeE (Amplified
Radiation) lngisnsuanuaselngnisnsznu
yauztuEeni (MASER) Tul) 1958 dhudnnns
fanannuUszgndlazanusananaauusivan
1W17ihﬁﬁmm?iqqﬂ'jflﬂ?{ulmiml,’smuﬁﬂshw?i
aueaiuiein wes (LASER) wé’qmmfuﬁﬂ
neransianangldweneuduninidoiied
ndnuaaies uluiigniawosiaiosusn
vadlanfignudetufie wesViufiu (Ruby Laser)
warladniswauiog s awioliznasdy
Sldeu-Tdooulawas (He-Ne) lulasiauawes
(nitrogen Laser) @15naulawes (Argon Laser)
AeLawas (Dye Laser) LaLsaiaésanLLsﬁWﬁ@?ﬂuq
wazlawosansieiai Hudu

wilslulaweosvesda(Solid state Laser)
= o X A4 as aa & s
gniauduinpe dleddlsuudniawes (Neo-
dymium YAG Laser) @3lvianuasidaueninau
1.06 nm gnAunulud e.e. 1964 lagldans
Wesdley (Nd) Wiuasllugnvseuegiillonnts
wis ( Yttrium Aluminium Garnet, YAG) wagld
viaantrlunaslunisnszdu (Pumping) alAn

¢ A Y& s A !
wes wanlmduawesuuuiad (Pulse) siaun
Tadnsimunldvasaluuvensa (Arc Lamp)

Tunsnsedu Faaglilawesuuundusieiios s
& ' 2a 1% a ¥
714 2 spuudnniiauieugaiviaenlinseeu
Fadpslinsviasifuszuunasnian Sedanaliiia
a 2 & = a A
2 wuviivwnalvg Jadulnvssnanuaniiay
finsiannssuuawesiidinunadnuezliigeen
5paN155rUEANUSoUNiaanln DnVaEdesAIN
fal v a &
YoUawasNlAazAnINTEUUaaAlNTY 2 LUy
nelunmAdulseeniuuldasiawesviinvoauda
dunei uatldiaweslalonnseuiioaniuin
syuUsEUIeAuSeu lnenanlamininasduy
¢ A oA &
LAWBSUUUAAUABLEDIANENIAAY 1.06 um

[ v v A a ¥ Y a
VYUNREANNSTINTA MLﬁﬂUiﬂ’]‘W%ﬁfl SL‘YN'TUIGWN

2. InUILEIANIIIY

1. Wednwnseenuuusazassssuuilondion
wEniawesuuuduasaaifioslneldiawesle
loAnseAu

2. \lofnwABnsnsrdundsnuuasannialees
lalaan1aniudna

3. [fieAnwmauduiussewinanseuaitou
AumasvelilendiouLdnaas

4. WiemUszansanvesssuuawesfias

3. A5N15AHUNN5IY
3.1 5wunas (Resonator)

3.1.1 ns¥anyide (End Mirror) SAnUasidunnis
aTiouNn 99% FideueAAY 1046 nm
Saflen Ay 1.5 m dushugudnans 1 ndeu
flduunsifinnsazviouuasgsiiauenady
1046 nm

3.1.2 nszanutin (Output Mirror) AatUasidud
Msagieunnnii 95% Afinuead 1046
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nm $AEAULAY 1.5 m EuEnuaudnans 0.5 13
iAdeuNld uuIandnIsasiouLasgandl
ANUYIARY 1046 nm

3.2 wiNANTlaAeuLENn

3.2.1 UWRNENVSINTZUDN WNAEUHIUAENANS
3mm 813 12 mm

3.2.2 Usanaunstauaes Nd*™ Tundnwindu 1%
323 pdeutstunsasiouiirueinay 1064
nm Aianesaostnavewadn uarldvinnisda
Founavrnisiedeuiiduuiaiiotestunis
avviounasfinauenIndy 1064 nm iieannis
g deluszuuiawessuinainnisasviouiinn
PUNUDINEN

3.3 Llawashnlan

Tunsmnaesiildia Optical Pumping Tneldiuas
aweslalenthmunudnudie (Side Pumped) 3
1 2 9unAe 20 W tag 40 W 1111779 10 mm
AIUARIAMAN YAUEAUTUATLA

Power (W)
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45
40 =
3 '/__../
= "/"ﬁf
m-—‘ Shope = 195 wWia |r =
15 P
/ [
] -
P e 4. Threshold = 8.1 A !
0 !
0 5 10 15 20 25
Current (A)

UM 1 nsmluamsmduawesiolon
NAFDUNUTENHEN

3.4 5TUUSLU8ANNSaULNLALDS bAlan

3.4.1 dahwanainuuinaiiung 20 das wiey
1na0IAATINg

3.4.2 Water Pump vhwtifiaudngtlugdan

a

Wwesludng 6-9 L /min figamndl 20 - 23°C

Y

3.5 1a3ea918l4l ( Power Supply)

PARAMETER CONDITION MIN TYP MAX

CW Power Output CS=30A at 25°C Heat Sink 20W - -
W2=30A at 25°C Heat Sink

Threshold Current 25°C Heat Sink - 4.5A 6.0A
Operating Current 20W at 25°C Heat Sink - 27A 33A
Operation Voltage - - lev 1.9V
Vo
Slope Efficiency 25°C Heat Sink 1.95W/A 1.9TW/A -
Center Wavelength | 20W at 25°C Heat Sink 792 nm 806nm 812nm
Wavelength Shift - 0.23 nm/°C | 0.25 nm/°C | 0.23 nm/°C

99N 1 uansnadnuarratawesialanuuin 20 W nldlunisneaes
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LASDIT1YNIFIA A ULALBS bALanaNUSEN
THORLABS lngilaaauvanem1snan 2

0-65 A

Contrel Range ( continuous)

Compliance Voltage | >5V
Resolution | 10 mA
Accuracy +100mA
Noise Without Ripple (10 MHz, rms) | +100mA
Transients <500mA
Temperature <50ppm/°C
Control range (power) | 0.5-100W
Resclution (power) 10mw
Warm - up time for rated accuracy 10min
Weight | <10 kg
Dimension (mm) (WxHxD) 200%132x351

a Y A |
M3 2 wansaudnvazvouaIeEln
Tviuawashnlon

5Uil 2 uananossnglillsituiaiweslalon
31 LDC3065

3.5 yadannauatas (Power Meter)

WPIDITANSIVDLAKDS W lanwas ki NLaLwes
A0150AL 2 WUU AD hUUADLLDILAZLUU
%} 6 [ t-:ll d'

NaE UAPIAMANYTAINAITINY) 3 LLazg‘Um 3

Detector Compatibility

Thermopile, Photodiode pyreelectric, OEM

Spectral Response
Windows

250 - 3200 nm
Diameter 2 cm

Input Range

15 nm - 1.5 mA full scale in 16 range

A to D Sampling Rate
A to D Resolution
Electrical Accuracy

15 Hz
17 bits plus sign,(0.0007%resolution)
+0.1%+20pAnew, 0.3%+20pAafter 1 years

Dynamic Range

9 decades (1:10°)

Analog Output Accuracy

+0.2%=+1mV relative to display

Operation Between Charges

Dimensions 203Hx95Wx37D(mm)
Mass 550 ¢
Display 122x32 pixel Super twist LCD

18 Hrs,10Hrs with piezoelectric heads
Battery charge time 10 - 14 Hrs.

Charger

DC:11to22V:or AC91to 15 Vims 3 W

AN3197 3 wannaiandivesasecinmasanawes
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3UM 3 uanwainfidauaalees

3.6 N199aNLUU Optical Resonator

s

lunsnaaeslafimuanuaudivedawesal

3.6.1 Madaeiuszaia 10 W

3.6.2 Beam Profile 1Juluy Gaussian Beam
(TEM, )

3.6.3 Output veaawesiduluu Single Mode
3.6.4 YUUIUBINVDIAILALADS (Beam
Divergence) Usdned 2 mrad
SIUANTAUIUDDNLUULIIULULADS ( Resonator)

3.6.5 YUUIUDBNUDIT ANADSUSELNA 2 mrad
3.6.6 Sumasiduluuyiln Confocal (R, = R,
=15m)
367 anugmnduvesilendlouunawes fe
1064 nm

JUABUN 1 ANUINIANUSEUNAL Beam Waist
(wo) Tneldaunns
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ne?l @ = YuUIUEBNUBIAANLALDS (rad)
Uszaney 2 mrad

(wg) = The radius of beam waist (m)
A = enugmeaurasiilendlesdnamwas = 1064 nm
e

A 1064x10~°

=L O 034
“o =79 T Tx2x10-3rad mm

%’Sumauﬁ 2 ATUIINRIAINNYTY Resonator S'Z:iﬂ
lun1seenuuuinualiidu resonator vl
Confocal SAfAMUlABINTEANRALMINAUSAL
ANUlAINTEAINANWNAU 1.5m (R, = R, = 1.5 m)

NAUNNT
ot = (é)z % L(R, —L)(R, —L)(R, + R, — L)
o \n (R, + R, — 2L)?

ne? Wnen L = anuenives Resonator (m)

R; = Safianulasnszanuad (m)
R, = Safianulasnszaniui (m)
azla

10-9)2 L(1.5—L)(1.5—L)(15+1.5—1)

-4y4
(3x107%) (1064x (1.5+15-20)2

B
wla

L = 0.105 m 30 10.5 cm

Yunaui 3 lunsideuaglinuate fidemeaes

ANUYTIVDI Resonator ag”lu‘zmmmma 20 cm
Weannaeshluussynaldlulssnugaannssy
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ARDINITTEUURWBSNLAMUNLIASA @ 1U150
gnpaausulfazAINLAZIINET

JUABUN 4 ANUIUMIAT Beam waist NlY934

INANNTT

o (BN LRy —L)R, —L)(Ry + R, — L)
0~ (_) X (Ry + R, — 2L)?

(wg) = The radius of beam waist (m)
A = mnugmeduvesiilendeuudnawes

= 1064 nm

=
1l

v a v Y
SAdAUlAINSEINaT (m)

R, = Sasianulasnsganiua (m)
L = anugnania (m)

wh = (1064

T (1.5 + 1.5 — 2x0.2)2

5 10-9)2 %0.2X(L5 — 0.2)(1.5 — 0.2)(L.5 + 1.5 — 0.2)

azle
wy = 0.34mm

WS1RLHU Beam waist = 2w, = 2x0.34 = 0.68 mm

R1

UM 5 laesunsunans Beam waist
WAY AIUYIIATI

JUAdUN 5 1N The radius of beam waist 9
n3¥90 R, kg R,

2
ot = () (G2 (D)
5 T Ri—L/ " \R{+R,—1L

wnuAIle

&R\ (Ry—L L
ot = (27) x(R=p)x( )02
" Ri—L/ " \R,+R, - L (7)
\ T J  Mb—uzs \M5+15-02

ng]’ w,; = 0.36mm
LLAZRINFUNTT
2 =
ot = (%) x =) *(rwr=d)

s — (1064 10-9 s 2 (1.5—0.2) ( 0.2 )
w2 = 7 ) X502/ \is+15-02

¥
191 w, = 036 mm

YUADUN 6 ALUILILNINLYe Nd : YAG

INFUNIT
- L(R;— L)
"R +R,—-2L

wag
L(R, - L)

ty = —————
27 R, +R,-2L

a a | a
Wwe t way £, AD 3383%’1m;®ﬂml,mm‘ﬂammam
LENDINTTANNUN - YA

YUABUN 7 ATUIUNT g - parameter

[
o

¢ a oA Ao & X7 =
58UUL@L"U@§Q33~ILﬁﬂﬂiﬂqwmﬂﬂi@‘IMUU'Uﬂmu
o A

Autouly g - parameter Ao

0<gi82<1

30



NSaASuIMSIsVIBUULYISD
dudnermansuazinalulad
Uil 1 adu 1 Famau 2561

Royal Thai Naval Academy
Journal of Science and Technology
Vol 1 Issue 1, August 2018

Tagi

A Tl o
Diode Laser
L
g=1—§ YYYYY
Nd :YAG
azle .
20 cm »
&=1—IE=036 R, > 99% R,=95%
' r,=15m r,=15m

~1-22_ 86
B2=2775 "

a

U1 5 uanin1sInagunsallunin
Foilien g1 g, = 0.74 agluouluned uax

ausaAsnequalulaesunsuslalu

[

Wastanal

RN AG
.
b1 F &
)
IETANMUT

R1
W,=0.36mm. T

—_ Jntgnd lalaa

Nerirdoidy

U 4 uans resonator Mllun1snaaes U 6 uansnsUTZNOU resonator
udasanounadey

4. N1INAFDILASNANITNAADY

4.1 nsnean 1 AnwlTsuisumasvesilofdsuufnamesNaueitsigiunesnige fu
lnglifdwenamwesialoninszduan 15 W

A2UYI NI YIULADS mastilofdienubniaweas (W)
L(cm) it 1 adait 2 addt 3 \de
10 1.21 1.22 1.24 1.22
15 1.12 1.08 1.14 1.11
20 1.02 1.14 1.08 1.08
25 0.85 0.08 0.86 0.84
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3.2 NSNAABIN 2 ANYINaIvedsatawasisuniunsesantaulituawasialanNam1eniu (5
WLRBSAIT 20 cm Laweslalanuuns 20 W way usasulwinmai 1.6 V)

NSEUE Aastilofiilsuudniaas (W)

(A) adadt 1 adadl 2 REE adadt 4 WAy
5 0 0 0 0 0

10 0.41 0.46 0.44 0.42 0.43
15 0.72 0.69 0.71 0.73 0.71
20 1.43 1.37 1.42 1.45 1.42
25 2.42 242 2.44 2.43 243
30 2.72 2.65 2.70 2.75 2.70

3.3 nsneaaeil 3 Anwinaavedsadamesiieununsewandaulinuiamestalaniaimnaiy
(51 asAIN 20 cm LaWRSIALEATWIA 40 W wae wsasulndnasn 3.2 V)

NSEUE nastilofiilsuudniawas (W)

(A) adadt 1 adadl 2 REYE adadt 4 WAy
5 0 0 0 0 0

10 0.74 0.76 B:7H 0:07 0.75
15 1.28 1.30 1.31 1.37 1.32
20 2.83 2.84 2.83 2.89 2.85
25 3.89 3.92 3.94 3.97 3.93
30 4.22 4.25 4.30 4.25 4.25

20

fdsilleAdflon-ulnimead (W)

0 9.57 9.67 9.69 9.82

nszua (A)

JUN 7 namluamsnnuduiusseninnssuanteu
waslalanduiasiilefdioundniames
(awasialanvuin 20 W)

20

w

MdeilloAdivn-ubnawed (W)

JUN 8 Asmiansudiusseienseuandey
wwaslalanduiasiilofdloundniames
(awaslalanuunn 40 W)
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v aa a (24

3.4 N1SNNABIN 4 ANWIANNAUNUSTEMINIMFNasalanfuiastAdeuLinawes (lawas
Talanvun 20 W wag wsssuluidaei 1.6 V)

NSTUE | ATAIUES fdsiiloffisuudnaias (W)
(A | wweslalen | adell 1| adeil | afedl | afefl | wde | Usz@vSaw
(W) 2 3 4 a3 (%)
5 0 0 0 0 0 0 0
8 2.36 0.17 0.19 0.19 0.17 0.18 7.60
11 5.52 0.42 0.43 0.45 0.43 0.44 8.00
14 8.68 0.76 0.76 0.76 0.75 0.76 8.76
17 11.84 1.22 1.24 1.23 1.23 1.23 10.38
20 15.00 1.60 1.58 1.58 1.59 1.58 10.53
23 19.16 2.00 2.01 2.02 2.02 2.02 10.55

P
w

[}
(=]

n

5w a d
ailodiion-udnawod (W)
w °

[=]

U 9 nsmanuduiusseniiduawesialen

— —

) v o v ada [ I
0 957 967 969 982 09.95 UIR 20 W AUAAIUALLYULENLAKID S

mamsumeeilalon (W)

o w

3.5 ANSNAABIN 5 ANIANUFUNUSSEUIIavawesialandunaelndsundnawes tawes
Talonuunn 40 W wag wsanulninmai 3.2 V)

nssud | Adeues ndstilefdloundniaas (W)

(A) | wwedlalon afiii 1| atell | atell | adedl | iy | UszAusam

(W) 2 3 4 a3 (%)
0 0 0 0 0 0 0

2.10 0.22 0.21 0.21 0.21 0.21 9.57
7.34 0.72 0.70 0.72 0.70 0.71 9.67

12 12.59 1.21 1.22 1.22 1.22 1.22 9.69

15 17.03 1.73 1.76 1.75 1.75 1.75 9.82

18 23.08 2.14 2.30 2.35 2.40 2.29 9.95

21 28.32 2.62 2.90 2.97 2.94 2.86 10.10
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25
we 20 -
& ﬁ 18
5]
& 15 5.82,15
i .69, 12
)
g 10 /.9.6?,9
=
;_3;' s 9.57, 6
e 0,3
c ’
"=
0 T T T T T T
0 10 10 10 10 10
fdsudaawailalon (W)
25
—~ 20 ~
3 ﬁ, 18
£ 15 5.82,15
“
= 0.69, 12
s /567, ?
-E 5 0.57,6
4
0 T T T T T
0 10 10 10 10 10
mausauawailalon Input,W)
25
~ 20 —~
8 /g_gs, 18
E 15 5.82, 15
b 9.69, 12
© 10 =X
€ . 0.57.6
D3
0 T T T T T T
0 10 10 10 10 10

o w

fdusaiweslnlen (Input,W)
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JUT 10 nsmanuduiussendnemas
waslalanyun 40 W numasindley
winiawes

Useansninvesseuuillediaundn
LABSEINITANbALAELNAIAA LA
7¥nlé (Output Power) sordauas
.awoslaleniingedu (nput Power)
FIFNNT n = %xloo% ANUTOUERS

Tamanssaludl

JUM 11 nmluansUsgansnmuesssuy
Pondlouudniawes (Output, W) furas
wasinsesnEaslalen 20 W (input, W)

JUT 12 n9niansdseAvsnnvesszuy
HloAenudniames (Output,W) AUAIAS
wasinsesnawasialen 40 W (Input,w)
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3.6 NINAABIN 6 ANYINITUIUDONVDIAUANAIYOINTZYL AN AIUANNTT

1274

8., =

Wy

wo = The radius of beam waist = 0.34 mm

5. agunan1innae

5.1 lawashnlan

I1INNSANYIMALNAAOUYALAYDS LALoR
yum 20 W azfiaualsadegiivszann 5 A
wazgaLaasilnlenuuin 40 W ldnvalsadag
fszana 5 A iwuiu waztaweslelonazyinay
IeAngumgiisnosaninfiinzgumgiivng

'
1Y a

einGuniAnaIngamaineuanlusuniu

(%
%4 Y a

tloy deluaziiduudidanseuvanawesialeon
agfanuriuNINNINgaumilas inlAnnis

Y 9
v a

nszAudlaAAnsounanIuziuuInyilwlaan

9

[

AMAILLALA DS A LDANINTUNIE

lnglunisnaassdinseuandeulviiuyn
wweslalonuuin 20 W msegil 25 A aylvien

1Y

Maataweslalonsgn 20.43 W uazyn

szuzilia (cm) urhAudnanaves AYyuUIUBEN ANUUTYREN
uaaLaas (mm) 0,,(mrad) 0, (mrad)
10 cm 4.70 2.00 -
20 cm 4.90 2.00 2.00
30 cm 5.10 2.00 2.00
60 cm 5.80 2.00 2.20
100 cm 7.20 2.00 2.78
\0fe = 2.24

awastalanuuin 40 W aistaunselan 25 A
wuiuagldmmauaawesialensei 36.80 W

5.2 Wlafdisundniawas

Uszdninnvesiileflloundnialwes
NPaeiATIAR1 10 15 20 uaz 25 cm Lt
ANwNIANFUITUSAN g - parameter YodUsAY
aRtufStawes @i fiszer 100 mm A g-
parameter 0.87 lamasilloAdouudniames
gegn 1.22 W fisvay 150 mm @1 g - parameter
0.81 limdsilleflleuudnawesasan 1.11 W
fisgug 200 mm @1 g - parameter 0.75 1¢f
Adsilofidonudniawosgegn 1.08W fisvos
250 mm @1 g - parameter 0.69 lanasiilon
Wguudniawesgegn 0.84 W INA1TNARBINY

IMAIANLUUITEUAB 200 mm a1nNITAUNIY
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ieslalonuunn 20 W 25 A A1 g - parameter
0.75 liiAmasawesaigana 2.70 W i1
nszAumelaeslalonuuin 40 W 25 Afn g -
parameter 0.75 glviAIMduaweTgegane
a.25 W dwnndeurnszudluSesszuuagli
Aridsgeandulusn udasddgmdesnan
3¥UUTEU8AIUTU ( cooling system)

5.3 9ATINITUIUDDNVYDIAILEN

N15IANTsUINeaNYAkadlun U UR
Asfungefdesuinidednanuisasensule
lngALuIUeeNnil 8193811 INANUALLILN

[y

voaAToaInLaryin

6. UBLAUDLUY

| [

6.1 szuuampsdaliananlaSaunisu

=

o o o d‘ a a ldl
Aufdendeulngiuszd@nsaingeanag

LONE15D1999

[1
[2
(3
(4
(5

10.55 % waz 10.22 % e1aiadusiiownan
Ysumsdenisnseduluwvisdnillendisutay
uldrlinsguaunig population inverse
tos Fapasildsunszanunaineila concave
(a3 wduuuu plano (Bev) szsilritu
U%mmsiamﬁﬂizéjuum%u

6.2 ANUVLNTANYDINISIRONFUNTATVIAS
vowdnTlefidioutusunssiiuiivindaiaios
lalonmsiUdsuuriandnaingunsanszuenan
\HugUamasugnuiadun

6.3  SyuUsTUIEANUSaudadiuszansanlaf
naszureAnusaule ldunntnyitliunaiilen
Fonudndadamnnfeugeeguszana 55 °C 3
MIANADAATBIANAIN NLAAITEDNLUY
vHuszuu chiller

1 Koechner W.(1992). Solid State Laser Engineering ( 3 rd edition.) Springer Verlag.

] O’Shea. (1977).An Introduction to Lasers and Their Application ( 3 rd edition.) Wesley.
1 Verdeyen,T. (1995). Laser Electronics ( 3 rd edition.) Prentice Hall.

1 Smith. W.V. (1996).Laser ( 2 nd edition.) McGrAw Hill.

1 Breck. C. (1991).Undersdanding Laser Technology ( 2 nd edition.) Pennwell Publishing.
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On The Job Training A1saantuuszuulnia
t gsial3a Daewoo Shipbuilding & Marine Engineering (DSME)
#1555 A
On The Job Training: Electrical system Design
At Daewoo Shipbuilding & Marine Engineering (DSME)

Republic of Korea

DSM DAEWOO SHIPBUILDING &
MARINE ENGINEERING CO.,LTD.
e

1.2.A130 Y3530
Wintheenuuulniiszuvensuasdafuize
noseankuUlnii NTUUKNWNTIE NFUENIMIEe

UNANEa

sruulilihussuuifimmuddylufesu esanszuulwihazdeiaslninliiugunsal
Idhiifauddaunn (vital) wazdaudidaytes (Non - vital) awuu AC waz DC wazssuy
T deaneliiuszuulnihuasadng (Lighting System) satuntsenuuussuulihiindmsudosu
Hulausnifanuddpunn wmszazihlugmavesnsndndisiuszansamm silsilsidunisido
AnUszavuaiin unanudldnanisszaunsaivesidouluniadhsumsiineusuieaiunseenuuy
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seuulnivedFonsineves?l Ns.Nasaiusen DSME envasunanuiazusseneieaiunm
TVINTERNKUUTEUUINTYeISasuas e waenseuumsnudAgasaInseyi IuRNs
wazUszaunsalaneenlasu

Abstract

Electrical System is an important system in Navy ship. It supplied not only the electrical
power needed by all vital and non-vital equipment, both AC and DC systems, but also the
lishting throughout the ship. Therefore, well-designed electrical system for a newly- built
Navy ship is the first critical phase that will lead to an efficient production phase and good
functionality. This article presents author’s experiences on Electrical Design On the Job
Training (OJT) for Thai new Frigate Project being built in Daewoo Ship Building and Marine
Engineering (DSME), South Korea. The scope of the article gives the overview of Naval Ship
electrical design elements. The essential procedures that must be performed, knowledge

and experiences gained from this OJT are also described.

1. arandiusn yunavgaminnesinizenisliiiudviau
v sy e iy oy ae  MAUNAIAIIAAINIYNTNITEDTUTEIN
nawinizelaasunaludeygninely uem oY “ “

. , o Useansg
Daewoo Shipbuilding & Marine Engineering

(DSME) @5158u3gsnma (nmals) ad195em3 msmeneamalilad (Transfer of Tech-

.. < 1 d" 4:1' o
1 2 S ey S.a.amswenthanilan uag U8 0N Job Training (OJT) Wuaiuviaviaagy
s A NS AaEUN1SY esulanussnisiud  vesdyanfimneuTen DSME desiiiunsdnnis
2558 uar 2561 AUEEU @ 2 ewRansan  AneuINAAwavesnasiniieludiuresnis
mdumsTamesll Tassmstanandl 1 dfigne PONLUUATINTEILVIMUA 10 viangnsusenau

szazaUszana 5 U (2556 - 2561) Wuse MY

WIANATNANNAGOAAT 123 IATUATIZINTVUY ¢ &ngn3 Project Engineering Management
Y A 1 I A a aa

3,700 i logUszana dodnduisensinend o dngms Basic Design

38



#angms Hull Design

WANgMs Machinery and Propulsion
%angms HVAC and Auxiliary System
#angms Hull outfitting

UANgMs Accommodation

%angms Electrical Design

o 0 N U BW

WANgMs Armament
10. Mﬁﬂqmﬁ Electronics and Navigation

1agnN1SANaUSUUINTUNUSEN DSME
ANHNIUTINMRLUTINADUNINYTIAM 2557 Usiae
wangas tdhatussuna 20-40 Ju dMdma

nesvimizerhiumstineusiluassiivia 10 vdnans
J1uiu 23 W leulddlanialysusuly

O Rt

South Korea

Gwangju

Uil 1 uan

T -7

Daegu .

CH

" Y
o

a
N
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Mé’ﬂqmmaamiaaﬂLLUUizUUIWW'l (Electrical
Design) wazdinududile diniuiuaz
Uszaunmsalfila suunlunisineusuaded
naonaudadunn JoAniuluwiyuaneg lu
LﬁmLm'L%'aas'n‘ummﬁaaﬂl,wuﬁﬁl,%ulﬁaam
unsndluunagfudlsluunanuiugiae
Junseusuly Freszeznanliuviudn doud
zLafesvazidenludiuresn1seanituy
szuulwih ilsuaznanistoyamluvess
DSME wazdoyarhlvesFonsinaiiiidsaiig
Tnedaad soly

2. DSME &15150u3ginma: 11911A21833ny
ilagy

Pohang
-
Busan

Kinmamaotn

9849 DSME
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Daewoo Shipbuilding & Marine
Engineering (DSME) éu’aagjuulmziﬂw (Geoje
Island) liesoeAlU (Okpo) n1enaulavues
assausgnmE awgunl 1 dleseenldagya
nauldUszunay 100 Alalunsveuiasysiu
(Busan) Wositlvgifususiu 2 vesasisasls
inwisesanngslea feioifiou 5 Srumsns
wns vl DSME Wugadradendvuielg
Husu 2 veslanuazidugasnsBeifivumalug
1T 3 vesassausainva melugusenausie

DSME fidwihil wiinew 3eans waz auiu
921 4 wituAu a@d19Sounudanda 1,200 1 fivia
Bosuiinn Bosh Bevndivd maemau offshore
projects

Tugas 2 Suusn DSME wustvievan
iauﬁgaLﬁmﬁwﬁmaﬁmmaﬁmﬁwmlugjLG?’I’]W&
504 Safety System DSME Wieuddaludes
ifuegnann andufimidssovuiuiinnglug
PugUT 2 uargudl 3 hldldifulseuseney
Uden LAY waz guie vualvigjuiinn e

UM 2 uansuSuiiuig DSME

8uvia (Dry Dock) vualvigyiinnuqgegaiend

1 SUAUTINIY 2 § WAavgUMARALATUTLIN
900 ¢ gavy (Floating Dock) 91U 4 @ i
ANREIGARINTIT 1 uaudy lsasenaudien
unkig) (Block Assembly shop) a1 3 159
1sefaLuan (Cutting Shop) aualvgsiuau 1
154 Pre-Outfitting shop 8nd1wiu 2159 Jagdiu

msiadeuudenainlssUsznouuden Aiflvuin
Tngjwane 100 fuiiely Erection n133ma19
dwesgunsaiiiluszidov naenauniuazen
anelug LitnuvanlaaeinvndugSeiidn

YY)

dusulan
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Ui 3 uansitunanelug DSME

o
)=

BovTinaveanssimiedrtaziduedusni
nesvinFeldidndliasnedl DSME uamduady
winluansnsasginmd dudulszmai 3 u
plimaede szl Gofiaisnyszina
Tugfinaiiduidediadeainaisisudy
Uszmvuiunasdenlus

dananiduruassiassouldifiudsdnenmn
N9AAIMNTIUNITATINTBVRY 2 Useinaly
nfin1edl GessmmsidesiuvuAniiioty
nilnsoainluganduldmiloutu Tasiane
aem?ial,ﬁammﬁa aaRAusluAuNITRNKUY
5u1ummLﬁumaaﬁﬁauué’amﬂﬁié’%’umi
susuwdrUssndalvelyllagosnitegefinans
AU

3. Fawsinanndeadne . doayalaenaly

Y} a a d' a 1Y)
aﬂwmzﬂaﬂLiaWﬂﬂmmmgU‘Vl 4 31327U

[
o '

11N71 3,700 AU ANNLINABAAT 123 LUAS
a ?::I = I3 &
Aundnysyann 8 wns ANUSIgEn 30 e
$Aflvinnis 4,000 ludveia sruuTuLARey
Usznaumeiasassusniamaslul 1 1esaauas
41' 6l d' d' o a o a

LASDILUARA 2 ASD9 LATRIN TR LIR W
11U 4 1ages szuulnAnduluy 440 v 3
Phase 60 Hz 5189a08AAUR15197 1

5Ufi 4 uans Outboard Profile vasBenEing

41



21sas3uIMISIsVIBUULNYISD
drudnerransuazinalulad
Ui 1 adui 1 damau 2561

Royal Thai Naval Academy
Journal of Science and Technology
Vol.1 Issue 1, August 2018

Description Particulars Remark
LOA, Approx. 123 m
Main LBF Approx. 1132 m
Dimension Breadth (mould) Approx, 14.4 m
Depth imain deck) Approx, 8.0 m
Displacement Approx. 3 700 ton
2 x 5,920 kW (Diesel engine) CODAG
Prapulsion 1 x 21,600 KW (Gas turbine) (Combined Diesel
2% CPP & Shafls And Gas)
Geaneralor 4 % 830 kKW -
Complement 135 (1) P (FSC Officer)
Ship Speed 18 /30 knots Cruising/Maximum
Range 4 000 N.M Al cruising speed

s 1 Yeyalnemluvesioniing

4. TuUN59NLUUAANNEARY : 15150433

nIaINNUaggls

a?m%"umﬁ"’ﬂﬂﬁiﬂﬁﬁmmﬁmé’wumi
ad193esuiindldonfiazidnlalaqnlaydnay
Junisadradesunieadniens Tuneunis
senuuufutunouiidauddiy Msoonuuy
Hulsndudesdidneuiieausliifionoy
Tandieniu enausnsmsiuldinsulafidsoguu
ﬁugmmawé’ﬂmimﬂmmsuLLsuuwhmﬁ
Aerdes aumessuisensuduaina Suas
?iﬂmaiﬁ%’umimam (Production) %w’ﬂuﬁﬁy’umau
selUlunsadrededuiinmusuiu ldesiinig
uwhluslesfiunswanlunds eazvilinssuiu

a$radulumuiny

“nslAlURNaUSUTUNDUNITODNLUUTEUU
I luEesuiiu3em DSME ans15asgsnvass
1< a o d'eldl' a [y [
Juuseniigeadudulanlugnaivnssunis
P A aAa oA A = v o
aseFenianudeie luanuiuve ey

Hulenaiia 2 Ussmsie Ussnsusnifiulonia
fisneyldnsiaaeuiUiouifisueadniuives
iU lundvesuunan nsvuauns Tudu
nseenuuussuulniiluize nsinedannsgiu
Junileunseuanansiuagisls Usensi 2 150
Iglemasuiendeisdalifivdossldnsvun
Usulalmumngauiuusuneeast” Lagnasann
1 Lﬁauiuﬂﬁ?]ﬂaum?ﬁﬁlﬁ%’ulé’ﬂhEJLﬁ'mwjumm
sanudlanazuszaunisallunssuiuns
gonwuuszuulihlude Feesldnanludisu
molu

W/NIMSHNBUTH: NFHNBUTUAEUNIS
Tu 2 dnwaigaeiu Ao N13 Lecture Lenmy
nangmsuaznsmluiBenvy o UTEMgwan
gUnsaifivsfnieuuSeniinauszanas 2-3 U3t
TutullndiAeatug DSME Bavilsidunszuiunis
wannsveaeugUnsaidaduusgloviinn dn
13 Lecture %Lﬂﬁauaﬁaaulﬂmmsummﬁ%’u
Anvoudanansliiiunisuysassausgiadl

a2



szuudiniau egnalsimudmileidaduguassa
Ifunideamsiosns mudingulumsaoutiy
anllvgazAoudnsilsenwesuais sgnslsiniu
Tnennsaandlonuluyszann 1 &Uav 5A
annsUuguaranansadeansiuldATy

5. n1saanwuuszuutninluEe : anuwuu
DSME

NINTFIUND19BY : M5§ 1WA DSME 19

§redaluniseenwuuszuuliirludedie
UINTTIUAINALATUIATTIUNDININLT
a1515035N A (Republic of Korea (ROK)
Navy Standard) &miusnnsgIuaInaLuseen
Fhu 3 ndvidng neuusniiuenudoansiugiu
Aeatuauvasadelunisdis@inluge
Town ammm%“@%uf%a (International Association
Classification Society : IACS) #3pUNN¥ILEN
é’?ue]dﬁ Class Fadorimiun (Requirements) #1149
rdedadonimunniodevaduiitydalily

21sa1s3uIMsIsviSUULIUIZD
dudnermansuazinalulad
i 1 atiuil 1 Aamen 2561
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SOLAS (Safety Of Live At Sea) wag IMO
(International Marine Time Organization)
Tnpansnsaspinmaidu 1 lu 13 am%ﬂsuaq
IACS WFei Korean Register (KR) ﬂam/l 2
LUUﬂﬁll‘W@EJ‘Uu‘WU%’WWUQQMaﬂﬂ?ﬁV]N’Jﬁ'Jﬂ'ﬁill
Tulfin Toun Institute of Electrical and Elec-
tronics Engineers (IEEE) Wag International
Electrotechnical Commission (IEC) wagng
anvne Wunguiduausesnsmemns léun
Military Standard (MIL-STD) Waga1a331U
NINEeaSN1 (Naval Sea Systern Command:

Navsea)

N3TUIUNITDNLUY (Design Process) :
nseenuuuszuUlniludeiauiide iy
nseg 3 du Wudesyuy (Electrical Systems)
ULUY (Electrical Drawing) Lazd1unAINua
KUY (Desien Schedule) @evs 3 duawd]
ANMUFUNUS AULAEFUNUSAUNITEBNLUUVDY
SyUUBUFIY

JUN 5 uananmsaussuulniisdnegluGe
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5.1 91us2UU (Electrical Systems)

syuulaihlute (Electrical Systems) Useneau
meszuuliii 2 ssuulaunszuuluiinszua
adu (AQ) warszuulnihinszuanss (DO) wus
audnwaensitnulady ssuulnihangs 440
VAC szuulnlihmas(Power system) szuulniln
WeadI19 (Lighting system) SguuAIUAY
(Control system) svuudeans (communication
system) SEUUAITAURIISIUNIRAUIULULAEN
(Degaussing system) Wag szUUUDINUNTT
finnsauAlee (ICCP : Impressed Current
Cathodic Protectlon) MLLamﬂuiUVl 5 lnglu
wazduilfunaunisadunisded

5.1.1 szuulWifinn1as 440 VAC 60 Hz 3
el

- Aaanwurvesszuulii (Electrical
Characteristics) 919891195§14 [1]

. A89911N1153A 18 ATENIalad
(Electrical load analysis) lngg1484
U19997U [2] wag ROK [3] Wlorivue
yuramsliiiuazduiuvesyaiaios
Adalui seianselavesasly
un (@elvlun mneis aelnfiseain
Wi el uurn SR uLRs b un UL
Souield fulnanludeluvnsziide
\Wiguyin)

« ¥INSAMUA key-plan V095EUUNT
dsnemadkilin (Electrical Distribution
System)

« YNNIATUINNTZLERR93T (Short Circuit
Calculation) Inensdannsgu [4] Lite
YmstuusuaRtnnsELaT Bus bar
Tuwnaanglalran (Main switchboard:

MSB) wag aunsaidaafumalui
mMsAnLsssuantuasll (Voltage
Drop Calculation) lag9198931015§14
(5] diethuusznaulunisfiansan
MuuaIUInRansTuavesana
MuuagUnsaindn (Main Equipment)
Tusguu 1A MSB Load Center (LC)
uay wrsanglngosre

5.1.2 szuulninueasadng (Lighting Sys-

tem)

aq

AOIATUIUAI LA BINITNITEDIEIN
(Ilumination Calculation) Tulsag
#IUYD3897198911955 U [6]
nsatvuassuulmisatAunaz v
dyau (Navigation & signal light)
9198911554 [6]
AnunszuulnsudsadnoUines
(Heli VLA light)

Amuagunsainan laun sukuulv
Weaaa9 (Lighting Fixture) TviSoiiu
LLazﬁigmmé’NSammgm (6]

5.1.3 szuuAduAd (Control System)

sruumuAuIesdnslvy way 13eq
Autalui
AMruaTzuuUeAuAIULAYYIY
(Damage System) wazsgUU Fire alarm
Amungunsainan loun Integrated
Platform Management System (IPMS)
ey Fire alarm



5.1.4 szuulninszuanss DC Power System

 Aarzrnsgmalnihszuulnnseuanss
(DC Power Electrical Load Analysis)
oMU U IATe IS 9N T LA
(Rectifier) LLazmmmaamemﬁ

o Muunszuvdsnelinseuanss lawn
wreaelv 24 VDC Rectifier way
LUALADS

5.15 szuulnfhdeans (Communication

power System)

. Aipsrziarsenialiinszuudeans
(Communication Load Analysis) i
fuATLINYELATILUaIAI1LE
(Frequency Converter) wilauiad
(Communication Transformer) @113u
szuulnliihdoans

. fmuagunsaindn laun Frequency
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5.1.6 55UV Degaussing System

« Magnetic Signature Modeling
« Degaussing Coil Lay-out Design/
Degaussing Coil Arrangement

5.1.7 ICCP System

¢ N1508NLUUDIUIENDUTEUUAUNIT
Aansoaudl3e (ICCP Equipment

Composition Design)

5.2 97ukuU (Electrical Drawing) 91U Elec-

trical Drawing Huusgnauluaie

5.2.1 System Wiring Diagram Wunns

ihausyuutiunaevensantwduwuy Wiring
Diagram V9932 UUANNe) IR0 19uadluns
7l 2 WU wuu wiring diagram wa3szUUlY
440VAC sxuulvl DC waz szuulniasaing

Converter Wisaelu Transformer Wuduy
DWGNO DRAWING TITLE START | FINISH £ OWNER
SUBMIT | RECEIVE SUBMIT RECEIVE
DA310E002 | Wiring Diagram of AC 440V Power System
DA313E001 | Wiring Diagram of DC Power System
DA252E001 | Wiring Diagram of IPMS
DA252E002 | Wiring Diagram of EPCC
DA252E003 | Wiring Diagram of DCC
DA252E004 | Wiring Diagram of ACC
DA330E001 | Wiring Diagram of Lighting System
DA426E001 | Wiring Diagram of Elec. Navigation system
DA422E001 | Wiring Diagram of Navieation & Signal
Lighting System
DAS88E001 | Wiring Diagram of VLA System
DA436E001 | Wiring Diagram of Fire Detection Systern
DA4TSE001 | Wiring Diagram of Degaussing System
DA252E005 | Wiring Diagram of Steering Gear & Auto Pilot
DA314E001 | Wiring Diagram of Communication Power
Systermn
DAA33E001 | Wiring Diagram of ICCP & MGPS System

A15197 2 UaRweE 195183 Wiring Diagram vasszuulniliaigg

a5
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mqﬁf}umwaqmiwﬁ 2 asnansuiiSusidy
A9 (Start) way 'Jumauam (Finish) Guaqmiamm
wiring diagram W#ag31enIg sammaumaq
(submit) T Class miuwwmam Korean
Register (KR) \erinissuses (Approve) LUy
wiring Tunasuiilgunduan NNANUYINER
wansTufidsls owner mwmammammiai@a
ANENIIUATIANTIMUNT (hea.aulai)

5.2.2 wuumsaneaunsalluiEa (General
Arrangement: GA) {JuLUU Drawing 7ikans
Funisnsdennsvesgunsalsequuiiumaih
Gouazluvearng fasegndlumsed 3 wu
wuun1sdaegunsalluinuuaiafnanves
139 (Arrangement of Elec. Equipment in

Main Deck) #9M19suNATanwuzLAgITuiU

¥93 5. ilszd1egil DSME paengaanatves  A13199 2
Fyeyiievinnissusesluunaziunsundu
DWGNO DRAWING TITLE START | FINISH S b
SUBMIT | RECEIVE | SUBMIT | RECEIVE

DA310E010 | Arraneement of Electric Maintenance Room

DA313E002 | Arrangement of Battery & Battery Charging
Room

DA310E011 | Arrangement of Elec. Distribution Center

DA310EQ003 | Arrangement of Elec. Equipment in G/T & RT
Room

DA310EQD4 | Arrangernent of Elec. Equipment in AMR &
D/E Room

DA310EQDS | Arrangernent of Elec. Equipment in 2nd |
Platform & hold

DA310EQD6 | Arrangermnent of Elec. Equipment in 1st
Platform

DA310EQ0T | Arrangement of Elec. Equipment in Main
deck

DA310EQ008 | Arraneement of Elec. Equiprment in 01 level

DA310E009 | Arrangernent of Elec. Equipment in 02 &
Above Level

DA304E001 | Arrangement of Main Cable Way

DA4OOE001 | Arrangement of Pilot House & Chart Room

DAG26E002 | Arrangernent of IC & Gyro Room

DA252E006 | Arrangement of Central Control Station

DASBBEQO3 | Arraneement of Helicopter Control Station

DAG22E002 | Arrangernent of Navigation & Signal Light

DA330E002 | Arrangement of Lighting Fixture

DA436E003 | Arrangement of Fire Detector System

DASBBEQ02 | Arrangement of VLA Light

DA314E002 | Arrangement of Power Converter Room

DA633E002 | Arrangernent of ICCP Anode/Ref Cell & Echo
Sounder & Speed Log Transducer

DA330EQ003 | Arrangernent of Dressing Light

M397 3 waneiiegeenIINsinsgUnsallitih (Arrangement) vassyuulyiiiengg
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5.2.3 WUUNMSAIUILLATNSAARIANGT
FasoendlumTeit 4 Wy MIATIERATEN
W1 (Electrical Load Analysis: ELA) A1s
Arurnussaunnluatsly (Voltage Drop
Calculation) kagn13ATUINNTZLERR93T (Short
Circuit Calculation) tJufu 19a1uvB4
AsSanvafeItU a15197 2
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5.3.2 Wiring Diagram wiviuagosaslst
naa.auliin 6 Weuneau S/C
ANSNT 4 WARITIBENTIBNNTNITALIANE
v0958UUlN15.3.3 DSME foe5Us9 Vendor
Drawing 5 iieuadenau S/C

5.3.4 WUU General Arrangement 91491/
fosdaly nna.aulnia 5 weuneu S/C

DWGNO DRAWING TITLE START | FINISH s OWNER
SUBMIT RECENE SUBMIT RECEIVE
DA310E001 | Key Plan of Main Electric Power System
DA436E002 | Alarm & Wiring system
DA304E002 | Installation Standard of Cable & Electric
Equipment
DR310E002 | Voltage drop Calculation
DR310E001 Electric Power load Analysis
DR310E003 | Short Circuit Calculation
DR330E001 | Illumination Calculation
DR252E001 | IPMS Measuring Point
DR314E001 | Cable List
DA323E001 | Diagram of Casualty Power Systemn

A15197 4 Lanweg199INMIMsAUIMA1vesszuU i

5.2.4 wuuvasgunsallwia (Vendor
Drawing) tJuuuuiiiniugunsaifivng DSME
dewean91nEIme (Supplier 138 Vendor)

5.3 UNITANUAANSISLAUEY (Electrical
System Design Schedule) Usznaulusig
USRS U 1 uay
2 dieliduhailadosBurounduarsudeoln

5.3.1 Msvinsegnuaueanwuuly 2 du
usnuazadli nea.mulnih ves ns.(Ship Owner)
9 WWaunauufnuauman (Steal Cutting: S/C)

ar

5.3.5 wwsgrunishnnsaunsalluiuas
d18lu (Installation Standard) fosaiiunig
Tia59du 5 weunau S/C

5.3.6 uHun1aiuael (Cable Plan) 99
wsnuazyail 2 desiiunsiiadedu 4 Heu
Wag 2 ey nau S/C Auawy

5.3.7 LNUN13R121996119¢) (Hole Plan)
fasdunislmasadu 7 dUavineau S/C i
P l1glunsnan

5.3.8 WUUN13AAAsgUNIal (Installation
Drawing) sosadunisliiasadunaunis

Usenau block Uszana 7 dUan
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5.3.9 WUU GA fasasauiiatiluvinau 6
UM viaaa1n S/C

5.3.10 Wiring Diagram fauiasaufiothly
19U 5 dUaYt asann S/C

5.3.11 wuUULazN5AARAY Cable Tray (Main
Cable Tray Drawing) fosasaifiounluvieu
23 Junau S/C

6. ungasy

Aeulailenialulineusu (On Job Train-
ing: OJT) Tudunseenuuuilgredenaewoo
Shipbuilding & Marine Engineering (DSME)
mmam%’ymmﬁ%uﬁua'auwﬁfﬂué’agqmﬁ
NoIiNEe1197919 DSME @s1a5ensinn 1 a1
TnewlomansefigiBeutunuonadudunm

LONE15919949

FUY8INTTUIUNTENLUUTETUU W TuS onl
SinmdnildeUsynoudistuneunazdides
atunsvaneysensaieiy  deudandvany
duresesdanuslutunisoonuuuiiianiy
adendstuanuiaudlaigFeuegneu
nsladnsuniseusuiililasuesdauiig
333 wavwadalulg wonaniinsl@Beus
U3nmgde DSME shlwlditunsdnnsiiass
F1uAUUADASELAZN1SNEANDAAIUET
sruneAuazaIntunsadsSefiasuniuuay
fiuady SnitaldlueuvauinikangUnsal
i flesinddludorsinadiddalfdunmn
MSNARLAZANSVIAFRU AuraneTaaamani
I fugunuyandleve s idouly
nszuaunseenuuulniluGeliasudiuney
soud1umInTuuarnted g g 1uazlddy
Uszlogtiiuniu

[1]  MIL-STD-1399 SECTION 300B “DEPARTMENT OF DEFENSE INTERFACE STANDARD
SECTION 300B ELECTRIC POWER, ALTERNATING CURRENT”.
[2]  NAVAL SEA SYSTEMS COMMAND “DDS 310-1 REV 1 ELECTRICAL POWER LOAD ANALYSIS

(EPLA) FOR SURFACE SHIPS™.

[3] REPUBLIC OK KOREA (ROK) NAVY STANDARD.
[4] IEC 61363-1 PART 1 “PROCEDURES FOR CALCULATING SHORT-CIRCUIT CURRENTS IN

THREE-PHASE A.C.

[5]  MIL-HDBK-299(SH) “CABLE COMPARISON HANDBOOK DATA PERTAINING TO ELECTRIC

SHIPBOARD CABLE”.

[6] MIL-HDBK-289(SH) “LIGHTING ON NAVAL SHIPS (METRIC)”.
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wuAma3EamuazszuUtaeTun1s MUY UMM EaRIN
Submarine’s Batteries and Submarine’s Battery Support systems.

U1NBN YNFHH ATHY
wnthununeenwuuliihidaasiaaing neseanuuuliih nsuunuNIYe nsugnmste

UNANED

TuSeahdwalnwiliisufvinisiaedldin nsnuasasndaluilwunlglus el
Y

anunsevild Fesduvdmdsnulwihidoufcinsivedlit Fuummedduuramdanumdnues
Zodnih Boshfwaluiharliuunweilunsturdounewesfiennluing Snviunneidady
uwdmdanuvessruuliihmnszuunelude wwameiuarszuutilumshauvesummeisai
Asfiddryeeebdluedihmealnih msvhouresunmeiludesnity wunmeisiuunansy
wagnusTgegluvesuumneItiuiisusie fufidmsuiuioinmadedilurnmaiisguatnwm
lalynn ‘LJi“ﬂEJ‘Uﬁ?EN’]UUNEJEJ"NIUﬁENLL‘UGILmaé‘mﬂﬁa@‘ﬁﬂ@EJVLﬂJﬁi”UUéJG]IuﬁaiJWﬁDEJL‘Viﬁahm’ﬁ
viauagdpadenannn fanuidssienisiieanuiianain vie luausansevinldiaeiiu n1sia
mmmmqmsﬂﬂﬂﬂuwmszjasuaqufummai Feiudssndudestisruutislunmsvhaueuunnss

unAnufiazndmisnainuuzans wardulssneuseuesunmeIdast sty

s I I I | 1y
LLﬁSﬂ']?U']i"ﬂLLUWL@@iLﬁ@@qUWLﬂJ@Li@@E‘JJV@']UVIW LLaﬂusza

Abstract

For conventional electric diesel submarines, during the mission underneath the
water surface, the diesel generators cannot be used. Therefore, during the dives, batteries
are the only sources of the submarines’ electric power. The electric power consumers
consist of systems and major equipment such as propulsion motor, hydraulic pumps, steering
consoles and lightning system. The batteries and the batteries support systems are undeniably
crucial for the operation of the conventional electric diesel submarines. The batteries are
stored in very confined spaces inside submarines. Due to the limitation of working spaces,
some tasks to perform for the maintenance of the batteries must be done automatically
such as the measurement of each battery cell voltage. Thus, there must be systems to

support the operation of the batteries
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This paper will describe the specifications and parts of the submarine batteries. The

operation of batteries and the charging of batteries when submarines are at home bases

and at sea will also be described.

14
o

1. BWUALABITBAUN

nszualiiihditneeenunanuumnediiu
suuuvaslifinnszuanse (Direct Current :
DQO) wazilA1aua19Angdlugag 450 — 900 V
%a%gﬂLLUaﬂfdL‘flu'gﬂLLUUﬂ'ﬁsLLamqﬁﬁmﬁﬂé
Triihilewas vive gnuuashuilulwihnssuaadu
(Alternating Current : AC) Lﬁﬂ%}ﬁuﬁuqﬂﬂiﬂj
sineqluidesni wuamesiidludesinduy
wusmesudanziange (Lead Acid Battery)
Fosdimsiinindudluluuunmesduiiien
Fuwummestidoulusoeus shedemunae’
fldluFedii uansoglusuil 1

dndsenouiiiivluzudl 1 awdiudaun
Lay 978U vewunmesTearUsrneuldae
kY 4 1y (Cell Poles) I@a%amﬂ%ﬁ 2 LAY
uay $auaed 2 wnu meduuudedounsal
as2995¥sutnadu (Acid Level Indicator)
Foaduiindunaznsesonavintesiunis
Anlil (Service Plug with Flame Retardant
Filter) dhumednuanaviiudiuseaiiofndauy
sluesuunmes

Single cell

Acid circulation connection  Ackd leved indicator

SUNLIGHT

Cell type
17T 5T 48

Lead tape for
insulation inspection test

Mounting plate for
the hook rail

Ui 1 uuawmesilyluiFedni
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wunwoludesniduazussgegluries
wumees  luiesuumnesazusznaulusiy
LUALAB3RIUILLIN TFaudaznileazSunn
LURLRDIIwad (Battery Cell) Tuguil 2 uay 4
§i 3 wandlidud e fununnesLazLUAADS
wadluFeLUnAD3 Lsziaéﬁi’ﬂmwﬁwzgﬂﬁwm
sofludnuaureynsaniie Ussneuliuunine’

g0t (Partial Battery) @alsiazisoasiinuiu
A " @ \ ~ 5] N9 v I3 A A o 8
wunnestosuanaeiuly TneA1aagvesnIm UM 3 uunweshuripAukUAmeIvBLTamN

ANANgazedN 2.4 V dolwad wunlneigay P .
o o 4 s NSWRNAONENIUNLURLABS LUIsTUY
asoEERYNSY YRoRoLULILUEIRDINS . P .
4 ( aa e m1991u139 (Load) azi@eusalaaaing (Switch)
nszualiihgs wuaweInnwadavituwesse

o e oo . . WAy AaInNd (Switchboard) fanandlusun 4
agfuasiiteinAanusedndliihegnasarim v y

LLaz%ﬁU’mLsziaﬁ%’!qmzmaagﬂuﬁaaLLummaé waz U 5
(Pilot Cells) wadmantozilwuwodiiiuiy
Weinoumgll Tasgamgiildauazeglutis
0 °C 913 45 °C

U 2 FioafuuummeivesSedniineuussy . |
LURLADS JUN 5 daindreuuninel
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ANV UBNINNVEHINUINAAR DNAIIIUINN
LUMLADS lUTIsTUUAlUE oA S9innuna

Joanulunsalnddnisiialui1dnreaslula

nszualnwrdnasasluitmnudenieiv
LusAed gaindussuumaeiaminilunsg
govieunsyualni1annuna 1duquady
LWUALABS WUAINULUN (Shore Connection)
Pnedessnialiih (Charging Generator) Tu
nsdifidesnisdanseualiindudluds
LUALAES

2. mssanszualnindnlulusunee (Battery
Charging)

BonhmsmSauunees WuisTuLunmes
Mavnluwulusasuinselulnsdniiede e
wusLpeIgRlt s uIUNds LT vaaa
Fosinsfauunmesiionsiaulundely
dusununnedluosthaiunsariiniseie
laanaeunashe

1. ileegivinFoannsaldluiannuuun
ol danunmedludeold silivinSodes
Jszvulninszuansasessulunisvnsa
LUAReIvRIZo I

2. leagszwinansoonufifinislunsia
Tudesiihasiiindossndnlniiteldlunis
MSWUANDS Msvanuamesinglfiesestidn
Inlfiduesiihasdesaguuiiath (Surface)
vise meglumnudnitanunsalindes Periscope
(Periscope Depth) iasinia3asiudinluih
wgniuiadeuseiniosuifivad fiiulwios
THorniminnisuenlnegaeiniaanuuiah

Slodeaguuiinir vio grornimanuRaTh
B1uvie Snorkel (Snorkel Mast) Lﬁaﬁaﬁﬁagﬂu
anudnitanunsaldndes Periscope fo81a
vowie Snorkel uandaglugui 6

gﬂﬁ 6 118 Snorkel ( Snorkel Mast )

nMsrsanumneTludemiuyseendu
3 SZAUAD

Tusesufl 1 (Stage 1) azv$afinszualnih
() ediigauazasiiludunoutiiamusadng
T (V) lununmedaziiududosgaulndds
fmﬁl,%‘smdﬂ Gassing Voltage 81A1AINNAY
AndLiumn Gassing Voltage AARIYAINATT
PISWUAADT mumiﬁmsmwmLmaimwaau
Tdunsvsalusedu 2 msudauunneily
spAUfl 1uansogluguil 7

L d
U1
Imax, Pmax
\"\ = —— —u
, o
LY ;l."
T "“*\““““““ VG
U=VG .
; 1
Y 4 »
stage 1 ' ' e

JUN 7 msnsauunmesluseaui 1
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Tusedud 2 (Stage 2) azwr9afiA1AIy
Aafngaafidaiiantiesnin Gassing Voltage
nszualiiinlunsiaziwadazanasFosnauisgn
fi3enin Gassing Current @ niin1397§a
wusmedasdsuludunsialusedu 3 ns
yfauunne3luseiui 2 uanegluzui 8

U I

<I<Imax

JUN 8 msnsauunmeslusyaud 2

msusalusedufl 3 (Stage 3) awnsa
ﬁﬂélﬁaﬁaa&iﬁviwﬁam/hﬁgu Tusysull Ara
snafnduoaLunmeIaLiay LLa“ﬂE)EJ"]ﬂWlLiJ’eJ
salndii lunasiinssuaas aamw  qn
Gassing Current Tuszsuimarmsnsdndlii
TunummesazLiNTUAUAALAIENg Gassing
Voltage FouaeiimsiafennsnSuunmes
Tuszduil nsmsanualusedui 3 Thduay
fodldinan 10 89 12 $1lus n1svIsanunLaes
Tusedud 3 uanseglugui 9

Ui 9 msnsauunmeslusyui 3
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A1 Gassing Voltage gdeaneglumny
ammuﬁuaqmmmiul,wmLmaiuaﬂmﬂi auly
MIaLUAmEILEY NMTTSanunneIET
mwﬁaﬁLmn@i’]qﬁ’u?ﬁwzﬁﬁuagﬁu A0UNN50l
uaztnaiiBes e WUsENi1ansUUR
nsafianansnduaneglunudnitanuns
T#vio Snorkel ¢ wi3e nanfidoeguuiing &
fAsndrarannsauiad 4 35de

2.1 MIPIANANNUNEIUEN (Partial
Charge)

Juinsvifauummesiingzviuesnnn
fagluszninansuidanig mandanunnos

[
ada a

FiavBunnnismsa Tusedudl 1 Jeananse
ngala o vailag ?Tuasiﬁ’unmﬁé’wmalumﬁ
ﬂgummamamamm Wumnnafideananse
mumawmmaﬂwmmm%m Snorkel 1adl
toe Aldandusrdaidlunismandanudies
UNEI uarduegiuanIETsLUMABINOY
Nsvnse mnndsugnldluunniassedld
1a1lUAITYITIUIU AINATLNEINDAITIY
%135 UAAD3 LTI INa19vBIN 1585 U
seufl 2 Mswnsandanuilsunsdiunansot

Tuguil 10

u 14
3 Interrupted at any point
_\ dependent on the u
\suhﬂarlﬂ?‘ﬁmh_-
-
/ -\
[ gl I
stagel | stage 2 E Nma*

UM 10 Msviamdamuiiesunsan (Partial Charge)



21sas3uIMISIsVIBUULNYISD
drudnerransuazinalulad
Ui 1 adui 1 damau 2561

Royal Thai Naval Academy
Journal of Science and Technology
Vol.1 Issue 1, August 2018

2.2 n1svrsanasuluszauyiunang

(Intermediate Charge)

Dudsnsmsauumpesivilamdsenuly
LURLABSEINSANSUALIN WaURe 100 % 3
fauumneluiatozyilane Tu 2 Snvarie
A1509NSTISAUUMLABS TSI Ua8Te 1
n1svrsalusedudl 2 Fadenianisgalu
AnwALINIE U (Standard) %38 @1315AYINNTS
FIFAUUAADIADINNITTIUA8UDIN 158159
Tuszaudi 2 1W8n 2 alue Bondnisvrsaly
dnwargean (Maximal) Geaznsginisvnda
Tudnwargeanivn 2 dUavh mamsandany
TusgAuUunanauandegluguil 11

Standard = 1 stage + 7™ stage

. ?-! Mulm.ll:]"st.lpeu-l"‘nt.lqefi‘h

1h

i

stage 1

JUIn 11 msvsandsniluseiuiiunans
(Intermediate Charge)

2.3 n1s¥1sanasanuluszausiy (Full
Charge)

Dudsnsmsauumpesiilamndsenuly
u:umLma‘%mmiaﬂé’uﬁumawﬁummmm
wumaes nsrnsandslussduinasinig
W5muaLmedaudanismsalussduil 3 e
wuameIgnunsaaulasundanulndifiueug
Yosuumaes Arusefndlunsazisadazisy

feasd MsAugansmsandanulussdudy
9z9ngaddnAe minluszezina 2 dalus
vosvsUmenInialuseiuil 3 Wearany
sefndvausazivadiinnad mmaa??uzjmmi
grsandanulussiuduld Aranusisdngly
MsTSalUnmeIITaRAILgMNYTAD azan
a3 5 mV/ °C/waa mMsrsandsulusyauiiy
9gltaan 10 s 18 $2lug MsviFandenuly
syiuLuansegluguil 12

u, 1

N
| Full Change = 1° + 2 + 3 stages

s completed when
VB8] voltage is stable for at beast Th

5Ufl 12 msmdandanuilussfuida (Full Charge)

2.4 msvsanasuliusazwasinasnu
TnéAwenu (Equalizing Charge)

Humsmsauummesliusasmasiisz
wsuilndifssty Msvsanunnedlngiad
9e3uTu 1 Plumdnsuialuseiui 3 Tne
9riinasounsudaded Ao 9z¥insuded
sesunszualih vilsiAnfe (Gassing Current)
\uszevinan 2 Faluswazvgasin 1 42l An
1 1950U 98y TN 5 2950U
el ndnulunsaswadiissdundsaulng
Wesiu nMsmsandsnulussaudunansogly
gﬂ‘ﬁ 13
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I Ihc

sUN 13 Mssanasnulvinrazwadingsany

A7)

IndlAgeiu (Equalizing Charge)

3. STUULYNITNNUVDIUUALADS

AN5YI19TUVDILUALADT LULS DAL LY
LUAMBIIUIUMAIE wadnuUITaLluied
Adadad do o o ad 4o U Y a wa
LUAWBSTIENUATUA R TNUNdMTUEUL TR
nasiivedluviinasUnseguasnuiluun
UIZNBUAILINUUI90E19 U B ILUMADTNN
faerintagludssuusnlusRuntlemaalunis
YMNUILABIAYIAININ LAULEIADANTARA
AURANAIA %38 lla1u1sansEyinlaaey
U 1 1 7 6l &
n1sinAAusafng L1 lunnigad ve s
A o U = o & v ~ '
WURLADS AatuIIILTuReIllsEuuYa8lunIs
YIIUVDILUNLADT bbkA
3.1 STUUASIINITNNGIUVDILUALADS
(Battery Monitoring System )
fannantisumuwesazgnAnfaiie TR
ANAMUANNANG AT UNIRR L LU SN IR
gaun il MnAtANuAndiosniAnlyay
19 w30 AngaumgiigandiAusniseuunsianis
wesUAmesNIzadaaLfou ( Waming
and Alarm ) @nsuiuwasniglunmsinnseua
i1 29N TANTEhEYeY WUAWDTERELAAS
nauad Wuwesuazisudyananidumes
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(Data Transmit and Receiver) %gﬂaﬂ(;léaagj
Tueauunme’ WuwesildiiieTasausig
Fndardadnyanruasdygrandumesild
e SnenmaTazdsdryanauuliany (Wireless)
WuwesuardSudyg s Sudygiueiu
namswnseavluanmisandumes Wuwesd
THidoTaenmyiiuey Miudyanamanseglugy
714 15 16 wa 17

a

U 15 driudyanamnidumesdmiuingamgl

U 16 Wuwesdmsuinaanusedng
way nyzualnih
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U 17 aereandiuunnes (lunauduag)
TUfudumasdmsuinAausadng
waznszuabni

uenanildadliwumesifioTaa1nszua
Intfwesusiaziunmetopiuiy fnszualyidin
vesusazuumnoitesliioglurawesauang
SLUUATIINTHNIUTDILUALABIARLA
Fyrandoulvimsumuiu lnearfiialduay
dyanaudounzgnasludsrauanina (Monitor)
Fsusnanazuansuavesaniiinlduazdnyan
WOUAN AT UUIBARIHAT AN TRRNT
wananadugty S1usundsnudignldluly
Lusmed nanfivdoogfianusaliuunnesle
Tushsrfuudomdnu u narthgtu nand
wodlunsufauunmedaudy sUveveusans

HALAEFAI0E 19V INAUUTD uansagluguil 18
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A ] L RLR ]

i Dsratnn | Byt Sl | atney biavn Wl |

U 18 JUvBI9DUARINALALAIBE1NYBINAULTE

3.2 iSUU‘JZU’]EJﬂ’NSJ%@U‘U@QLL‘UGIW]'?]‘%.
szuutingu waz szuuiamanailniives
ﬁﬂﬂél'u (Battery Cooling System Distillated
Water and Conductivity Measuring System)

idlefinisv1sa wie finnsldwdsauann
LumlneIaziinadiuyouinligungily
wunpiiAngeludosdinisssueainuioy
wazlunmsvfauunmoIauliuLunmeIvnivad
awsoslgamgliivintu dsdaeusnAnunneiiad
flagusnanuiesuunnoILazivaduAIINTOU
vioauunneIazionmgiivnitvaduunnedd
agluvSunatsiasminiaiuuansiglu
gampliveawadwuaneiuinagluaiuisa
PfanvnmeInuindnudunneadld du
elsdliuunineidgunniigauiuy iy
gaumgilduvesuunne’ dslsimiAu 30 °C



wazifioldarunsasisanumneslaauia
USZAVBATN STUUTTUNEALSOUUDIUURLADS
Jagnihantélaedinisvhanudell ssuutiagliih
nduiiesuaudeulngazivionotindudn
VNI ILUALADI IR BV IZD A9
%u’amﬂaaq{?fsLLaz%y’aauaaQ%y’aag'uumaa‘
Lumned Tnsdauiniassazidousdedy way
Trautaesfiieusouuiy Tutnunansves
Frazdiiivemudnlluwavesunnes et
nduldidluangungiluwadudriazeansn
VBTl gfd‘ﬁ' 19 LanIfIDe19u8INI5 A
YouhndudhiveswasuUnnes

U 19 dregraveanmsivavesinaud
YBULATUUAAET

yAwadIzilsTURUANLToUTB I UALADIAE
of Wielihndumunsndnlluusiesiwadssuy
wlfornmdadifianudu 3 bar iileliindy
Inaudllume dedndusuanudounielu
waudatnduiidguunfigeazgninluan
gamgilaglihmeia iesmnssuudumiudou
vosuUMMD I pelinsdudaveniinduiud

YD UALNDTIIR RN IAAIANNT W94
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Treatment of Oil Spill in the Ocean
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(PTTGC)

Abstract

Oil spill happened due to numerous reasons such as: ship collision, accident from
transit of oil in the sea, illegal dumping, and even the leakage from oil rig. The effect of oil
spill made pollution in the sea hard to eliminate because the oil slick spread into far
distance following the wind and tide and accumulated in various ecology. We had to study
the way to get rid of the oil spill after various incidents by having the national plan. This
plan consisted of the responsible party for an accident, the procedure to eliminate the oil
spill, and the chemical used so the parties involved can understand and act accordingly.
This paper brought the incident during the transportation of oil in Samed island, Rayonsg,

as an case study.

61



21sas3uIMISIsVIBUULNYISD
drudnerransuazinalulad
Ui 1 adui 1 damau 2561

Royal Thai Naval Academy
Journal of Science and Technology
Vol.1 Issue 1, August 2018

1. UNUI

devanedneuwinnsdiiuiuiilva
Y83 VL. Inavea wailaea (PTTGC) Uk
819577 1nwiadia 9.58899 wisAnluneud
vo3Tufl 27 n.A.2556 YaurFousINETUES
apthifufusuiuisuangdsenduihi
Y94 UHA. AT Inavea waliaea (PTTGC) lalin
wepieuiiuRurun 16 fasede il
Husnasusuinduivegisanueiiainge
WU 258889 lUneiiangJusenidedds
Uszam 20 nu. disfuiv (aeduanndi)
50,000 ans InaawmziaveilaiFesnuame

v o A

(@mlneSgatuiui 28 n.a.2556) ieiinnsdl
wuil Aefivaniaeddadlddenansynuiinen
nsdsfudvlreameia danoliAnau
HemeetannuneseanaeuLsnoufiay
IRANANSENUDNINNLNY BISNTISIAISNTEIN
vizasfudensyiludosduiiofinnsdivy

[

TJAe Fn1swazTusaulunisvinas utguly

=

yziaiioanviiousTnmansenuiiantulunie
e

AU U9 U MTINVBIANNANS
AethsuSlnatuneuilasdiulngudiosls
fifuamaiinuvssvesnisiilavesinsuly
Useinalng anadfvesnsuaAlvANuaiy
51897 lusEndnel A, 2519 - 2553 ifin
wntnuialveillddiiunisnsnasuuas
Fansudlusamdunieauduiisades 124
winmsal sulvgidumssalvaluviinaidnies
awnyeInsyalvainuiniignie

1. gunsalldlunsifude ufn vie
qumaﬁwﬁusﬁﬁm

2. %"ﬂviaiwdwmiqudwﬁwﬂuﬂma
eI AaEEeUINAN YiReIEVI
Sefuvnifisuetadunsaliisvhdsdnuriuee

3. nsanasuiie Wu Yaesiaingfuie
uneuussnthifueielnl wiednasudieth
UL

4. Besulns wesnndelauiy vudiu
lalasn/funaiy vselnlng

5. awndug 1wy Mlvannuviuyaang
WMasidonlunzia thnsanids viedalwaniy
FITUYG

wwutlastunavadnuafivnisinidosnin

1%
o w 1

B Sauunusuaingudlnady
3 s¥au (Tier) laun

155807 1 (Tierl) USwasslvaldiAu
20 FUANT ﬁauimy}ﬁm%uawdﬁwumaﬂfwﬁu
givinlmiAntsfuilnedeadugiuingeuly
nMsvdapsuhi uasaseldsumTamae
nvtheeuiiiioades Tnedeaddinsudvi
NIIUNDU

2. 528U 2 (Tier 1) $2lwaunnndn 20
- 1,000 AUARS D1LAAINTBLAUAY NITVIN
asuthudessuiiofusyninanaenvuLas
A3y paunutasfuuaziauafiuniai
Hosoninsuusiend wavdosudslinsudini
NIIUNDU MINNUIAAMUAILITOAVDINTNYINT
il onadesveiumsatiuayuanesUssma

3, Syduil 3 (Tier 1) Bnasilwaunnh
1,000 fudns o19inangiRmaisuLse N3

62



23nAs1ULT LI UTEAUTABIN1TANUT UL D
PNANHBNUA luUTEmA Lazdote1dunlw
IWARDTEAUUIUIYRA

2. BU8UNSURAYU

deofntiuslnalunsialng wiheau
Tavefidesdunisidesuennioainuiem
ihifusuime Usemelngldsidunsuians
ihitluuvanilasufofo “usutestuuas
y¥nuafwnaiosainiisiuuieni” Tnod
nurgunanlunIsauiunisviatagiuily
ﬂzgmmﬂmwﬁwﬁu%’ﬂua ABANENITUANS
Yosfunazvdauafivnisinidesanndnsmu
(nUu.) Sadaduiiloudl 6 unsiau 2538 Tae
seidgudinuiensguunsiinnienisUeeiu
Lazdnuafivmatiiieanninsiy w.e2538
1AeiilATIA519N15VINUTINAUNUIBITUANE)
lown audmuaunsufiRng Audussauau
MNYUHURNT WASNEATUALY ANMIWNUA N

Atlzngsun1slasiuazadnuarirn1aiilasaniaeiy

Audilrzanuiu

A

gudrauaunisfidnag

wlstaiuayu

r

wiglfiiFans

63

NSaASuIMSIsVIBUULYISD
dudnermansuazinalulad
Uil 1 adu 1 Famau 2561

Royal Thai Naval Academy
Journal of Science and Technology
Vol 1 Issue 1, August 2018

1Y

nUu. Inihiimuau MU Qua LagSuiln

a

£%

youlunisvdnuafivniainilesanntnsm
Aneny Useilluran1suuRausuusudesiy
wavafauafivnistinidesaindruussnd
SumamsHeuns Uszanduiug wasinaddn
Frunistfesiunaredauafiwmainiesan
thifu waesenuranssiunulyne g
$unsu FeazuFURanusamtumingaiusieg
41019003 UIBLENTIUATLBEANINAUG NS
Uﬁﬁamuléfﬁqﬁ

2.1 guduszanunu duliunislaensugnm
dvmifiudmuassugSuiinveuinagud
AruANN1sUSURNsLazLAsgRAnN1sUSURNAS
wazUsratufunu 891U 199 AT e
susuvdngiileddiunisnungranesier
AeliAnuafinliunldenldsneiianiuainns
y¥ansusiy wavdssduiuslil sz
Sunmsruieaumssdunsydaasiungiu

2.2 gudaruaun1su{uanis adiunislaensy
Whvnvienesine SuthiitvunusulazemsTs
Tunsadaasuihify Yssanugudusyauay
lun1svedunisaduayusunineinsi
Aeadadumsvinasuiiiy saonaufinnsn
nan1sUfoRnsrdnasusuIdusagaas
sl nsdludniadarzudsiguiusyanununsiu
Wievoays nuu. gimsufoRnsudansuiniy

2.3 wiqgU{UAN1S UsEnaunie NTuLANYin
NBIINSe uﬁwmmaﬁmi’miuﬁuﬁﬁmLW;
NIUNNUMIUAT WaTALIALDUSNYAN TN IR
yosnguenamnssudy dwddiduiung



21sas3uIMISIsVIBUULNYISD
drudnerransuazinalulad
UM 1 aduit 1 damau 2561

Royal Thai Naval Academy
Journal of Science and Technology
Vol Issue 1, August 2018

Joatuuazainnsuidulaeufiinisianiy
AlasuteunueanaudaIuANNITUUANS
WAZT1EUANUNINEN ArendugUasIATILin

1 3

TusoAudAIUANNITUSUANS

2.4 ydgaluayy Usenaume navine1nie
ABIVINUA NTUNNTVUENNIDINA NBITRIAUNTT
frsrah nsugnesinen nsudeaiuuazussm
anssauny (@rilnasnstesiunerenason)
AUl U RRUN SN EIN S5 I SUY P uAZ A
WINR O NTUATUANNATNY NTUUTTUI AT
ninenImaneianazeils dinaunaiuas
MsUunYAT NTNAANINS druineuUannsens
ANWIAY NIUEUSHYYILaEN MY nTUUYT
Na1e d1UNUATIIAULILEDY NTVNEUNY
Usewetlng nnsdeansuwisdseimndlve nsude
WNEISTIUYIR NTULTNUGAAINNTTU N1TVIBY
Wiuwisuszmalne waznsugneuusiand
dnivnnagiugity Tneduihildnsatuayy
M5 gUnTal BN MU AU LA
Bug enuusezldsunisdese

wiunmlunsujuRausiuiuuds nad
fignmdn 252809 I3aTunatey ey
UszanuanuiulasnznevwinSedadeiniu
NUBIULING Fdndeiuidemniimdny
wazidsdevisatvayuiiniisodunii
wazdriinluniseyinvdundon eludsiiang
nsgRdusuduusnAannisnisindnasiu
ihifusanannsalildlneifigauazaniian
dedestunisiianansenusedsuindonly
whauimameanuazdanm

3, 33nsvsansutingiy
msvdnRsuTsuileanunsansesi
a3 Tnefinnsanandeyefiioitesiommn
Wy viavesinti Usinanisialva fiemauay
ANMUIEIVBINTELELN NTEUEAY ENTNBINTA
dnungmagiimansuardunndon 993503

v
ad v A

YIAATIVUTUANNTOUILATIENT 5 FTeatl

3.1 nsuaeelidanefanusssueif
winzanlunsdiifinis$aluasiuviwdn
Yoy uavwinvosisiuidlraausoaansi
walgalusssuud wu disiufioa udddesd
MsRnasLazisyYmansynUuTeInT ULy
IardNansEnUReAIIndeuUs nalnaIfe
Tugnwarlathe Wendsudlaflimunsaussly

3.2 Msinwasiiu

fouduiBmamenin vhlalaeldvuritu
(boom) $1AYBUWANTTUNINTEAETBLET
Imnumnutufisanna Sadeseafuisiu
(skimmer) WRuAsIUTTUlgogeiiusyansam
vl fangaduasuttudug wu alalld
w9917 1 Wudu

3.3 Wasiaivdnasiutingy
FaeduazTanmildsmsuiuiznig
Adarsailadaasuinuuuinildlussos
nandudy 1wy nsiansiadvinliiisuuan
sduluianaiany (oil spill dispersant) 3o
A15aAusIRIRITINN (bio surfactant) Tidn
MnedunIdueein ansadifiunlddeslids
NANTENUADITULINAMIGN uavdoslasunis

64



oy mNMhsvesssilAgtes mslias
Hilevinnsuiiulallanavielaiviunis
3.4 NN
anunsaldiatlfneufiasutnuaziin
AswWasuulamIsnen wuwazall Lasasy
difugesinnuvundaus 3 fadwnstull Tne
Sunndeunsuihsiuienuinfuiafiemd
nulWldR W ceramic type boom waxi3y
¥nswn nsedansutitudeitidesin
Freanudsimadufmsiazinisnawn
Husgsinaznsevilunsiadnuazvieanila

3.5 nsvianuazannveil

Huagedansuisiulunsditasiuisiu
gl Tneldeuuazgunsalidiniusus
AUty waeldgunsaitaenfuasuinguly
nsdlfinsuihsudusdufeunsevudoutiu
voz Wy Wi Hoy uaznawanafin saunsld
w3asilesnihiulunsdiitnsrududsldduiu
Jurau

INNNSANEIIRMITIN 5 3 avnuinnig
wnlslanansathuldsunsdisnmdnlidosan
fidnwaziiusnuarindweils Snvatmezia
Vinatuieiiumn mswiavdiwaedn i
fondelutinniuuardmaseiiosiuuyudi
ofuaguinnueiling fuluistumnzaudian
Tunsditinazdudimamenmuasaningau
fu Tnevdnnisasuthiuuszanas 60 % asgn
Mdnldlnedinenm duiivdeldiSand
wardann feduitelinnsvdnasiutsiudl
Usgdnsnn Jsaeslduraneisn1ssiuiu s

65

NSaASuIMSIsVIBUULYISD
drudneraransuazimalulad
i 1 atiuil 1 Aamen 2561

Royal Thai Naval Academy Q\
Journal of Science and Technology
Vol.1 Issue 1, August 2018

Annuneagliiluismsusnaou wamusme
nMsdanuansedfiilmitunsyaresh wazrh
Uisoiuanuinifuiivaadesdlinszane
Juluanaidng sussilunisduaiunszuiuns
FIN99) MINTIIUYIR WU N33 N1T8D8EANY
Tagqdun3d ThAnTuldieuarmniidu us
asiaduszan oilspill dispersant lawa @13
nau Triton-X wag Corexit 9ziimnutluiivgs
ansariisunseadidialud dn1sendng
deswnlianunsadesaasldniusssund
LLazﬁiwmﬁam’J’NqaLﬁaamﬂéfaqﬁ’]lfﬁwwm
Uszme Taguuladinnsldansanusafiamia@nnin
(biosurfactant) ds18uansindnaingdunid
Wieldnaunuansiniivdnnsiuiy iesnd
NaNIEVURDAMIndaLwasAITInmee Tean
nsldansiadl

A150AUIRIRITININ (biosurfactant) 1T
anstluanafilautiidumsanussfaia (surface
active substance) Fsa$elnedadTinlneanz
0619899AUN3S wilarnag WU uuatiFe 1 uag
fadunriin ansanusefeinilaseasiadu
LaUAWIRN (amphipathic structure) Fausznau
fedufiazanslulusu (lipophilic portion)
waveuTiavaneth (hydrophilic portion) Jagdiu
Hn5lUansanunsTIRRITININAUD 19N 1199219
wu Tiduansddadveess arsvilmiaes
Favaneuavansanaunin saumainsld
Tudandeunntu Wy Wasednasuitu
wararsiviivudouluduaziu Tneldans
Rhamnolipid 1nWwuAiiise Pseudomonas sp.

Surfactin 910 Bacillus subtilis  Emulsan 210



21sas3uIMISIsVIBUULNYISD
drudnerransuazinalulad
UM 1 aduit 1 damau 2561

Royal Thai Naval Academy
Journal of Science and Technology
Vol.1 Issue 1, August 2018

Acinetaobacter sp. Glycolipid 910 Rhodo-
coccus sp. Wudu auiulaindinsldansanuss
faRaTnmiinainuaneiiieldlunisudnasu
drsfumaunumsldansied saiiilesanannsa
gneasaanglen1a¥iinin (biodegradability)
Ihine Tddusunsededunadey Sanudu
fiwe uazddaaiunisgosaanevesqdunid
Ts9mEq897y Tnsawiznistesaansansd
Tuanalng) liazanen faauviags wu
Ui (crude-oil 3o petroleum) Ffio
Uszneumuaiadududou Juvemauiiil
lelasasuauiaenee Wudulne) laun sawmu
(n-alkane or saturated hydrocarbon) exlsunfind

(aromatics) ey weaWaiu (asphaltene)

[

U 3 uansnsneyy (boom) IfnveUANS

v
v

WNSNTEUUBIUNIIY

Lt

- .
A AP

= 2 v $ o a a o o ; g Y
FUN 2 LaAINTRANLANATIVINLIUUINMNMIASAY UM 4 uanaAsas skimmer NUATIULIL

66



a

V]‘UL’ﬁ’]ﬂiﬂﬂ’J

Y

Ly o

fusevingy PTTGC 18

Bonl¥lunsidmisiluiuivinuenindn
Aonsldansiaiitndnnsiuinsiufiu fe3inns
Wua1sLARAININ oil dispersants asuUATIU
dsilunzia foggreldasuinguumnddy
M&Jmﬁ’]ﬁmumL%ﬂﬁqa%wiumam:masiaa
aanele 9nedesdunazte dududsnsud
Jaiismdy wSedniziold skimmers wie
sty fasstuunuufithnanmeia

ov CIIE

ansupfiildidenenisdndn Slickeone NS
TYPE 2/3 nanlngussn DASIC Useimadangy
FeflanuantRnusnasgunnsdnadeniidy
1n993 NETCEN UK’ waglasuni1siusesann
the Ministry of Agriculture Fisheries and
Food wasdang ddlaeshansiafiiedlifidune
ansfananfinuaniifdagliiuanse
wonshluthuazivundnasauauasldfian
[lesonstesamemusTund lneiifiande
6 dUami udrsiifestuogiudadiunsldans
wilfuUSinans Tty

aslungy slickgone EJEJIUT]EJ‘U@EW?U‘R)@
ﬁ'ﬁ'}‘uumumﬂﬁumummawwauﬁummﬁﬁu
ﬂiszﬁlwaLLazmaﬂmumaaumlumﬂmm
Wiazase FefosUsududenumansanlunis
T ldlidesnisiraviiunalsiiesesnaien
Usunaunmslifiumnzay ve9ans slickgone Ao
a51adl 1 dau detnifu 30 dau 1 5
viludns uaglansiailly 3.2 niludns snsndn
07 1 sio 2 FedlmnuiduduanniAuly uazea
MlAAANaT 1AL

drudoyanisldansiail ves PTTGC ey
Ferdnasuiiniy slickgone NS UszLan
1/l Useneuludearunanansssumanidu
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ansanusIRan wiefifinnuduiivin wazde
amammﬁmwmﬁas}mmL%ﬁ deindn
mwumu slickgone NS ponuuulilgnndn
AsUtsuRy sfuidemadldiduedned 165U
N195U50991N NUIWNUATUANUUABANBNY
N2LaveIUsenAdIngy kag Warren Spring
Laboratory annseldelginalunsia vema
Tutn3a wazuuun Urenidnas1uLiTy
slickgone NS §aH11nN158 U IMKALNTEOUTY
TunaneUszmaialan Tranunsaldanulalunsd
difudalna samﬁwsvLwﬂlmé’wmﬂs’ﬁmul,t,w
Y type /I (undiluted mode) thenrindn
mwumu stlckgone NS uansfidansiu
dstudszianit 1/ Tneiidnsndiunisiide
asruthiiy 1 @9y slickgone NS ¢18 20 d7u
ity e 1:20 sl unuunani type I
(water dilutable mode) thenmdnasiutisi
slickgone NS concentrated annsaldauduy
ansindnnsiuthsulssandt 1/ 18de Wy
Mn1sNan 1 @1 slickeone NS #i9 9 dauih
vzia fehenan 1 ansezidaasiuinsiuld
2-3 dau egrslsAnulyasldienidansiu
sty slickgone NS waufuil3armdieu
nsldaunnug dseraviliusednsannisld
NUanaY

v ‘NI ‘&J v 1 U
Pndeyanmlatulowu arslunguds
Lufiteyaiiinliinaiuinundlussezend
LAINAYINANNTTEAELABIRDRIVILY WaUSaU
Fao1n1suninduladimduaunludaiiu
Tense Wesanaiseenaninisasay agnals
Anu USunaumsuinsiunusediulaainninaie
a a v
ANIILNYULUAINUNINN 10-15 ¢15.nU 8172 8 ¢15.NU.
oldutnTununUsesuna 1 Jadwwns USuna

(%
o

Wnifupaineguszanm 15 fu
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A MSULUINIIEANEASIVLNTUUS
goils Fosszdnsytadufivae Wetlesdunan
sEnumeszuudnadueiwazdundeuly
Usnadlnaifes wu msldgunsaldninuaunsie
Fudounumenia 52uds sorbents w30
ARty W WHugA9U (absorbent sheet)
Tnelddmindidundn Tuvaedinnsld vacuum
‘vﬁam‘%"ammﬁwﬁumnﬂaﬁwLLasﬁmamm 91984
NANSENUABANINLINABUY YA

Ms¥AnISTIRRTUUSDaITIEIR PTTGC
lé’awaLLuagu@msﬁ’Uﬂf’lﬁu (absorbent boom)
nnmemeasiulunsia ielannsogadu
dsldunndsdustefiseauarinegand
dedestulaliintunszaeesnlduang
wonand 11Nl vacuum truck thinsiuiu
(oil slick) MAUTuLBENINUIRAEINE1Y
srsuliifieilumda srunansznulunzia
Tndveileidamuasiuing wasidudsiu 0
nsldisennayu visevuaeedasiunisusinszane

g‘l.l‘ﬁ 5 uandans Slickgone NS (Oil dispersants)

yosuuuiini deruesuisildldnsyane
Tulwaening

atislsfimu Aeivnivinsduinade
nansYNUTIRRTUAUAwWRdoN Wiesnansuszneu
Tudhifudufiduluanavuianaiuise
suenarondule welvludaunndeu uddiud
Juluanalve) wu Insiwy (propane) avany
dlFunndn meluuaunsdiy wazdadidiud
avanelylldnnasluth winalnsssuwaiiaed
FAnsrmnuuafideusviandinudisiuiinng
anunselunisgesaans meldannziimunyay
Anu wazdldladusudansldansaiiviun
AumusfulunsdiidewhmsdiolmAune
wAeg19lsAMNENINNIINNEA T NYRI81INE 1D
Tuwuril feiluAuanmaniou 100 Woddus
dnaliasvdonsiuisiuiing nseveme
navunddvudagluvrainieunsulin
imAn1salsNansENUSUse Ll AzE1IUY
MnAsIULsuLaza s Idansedidounduds
Fisdesianuiusely

1) Application of Dispersant onto Oil

~—— Hydrophilic G
Disporwasl ?-q—nl.:épulewr:*

2) Suriactant Locates at Interface

UM 6 uanen15vnUYesans Oil dispersants

68



NSaASuIMSIsVIBUULYISD
dudnermansuazinalulad
Uil 1 adu 1 Famau 2561

Royal Thai Naval Academy
Journal of Science and Technology
Vol.1 Issue 1, August 2018

LONE15919949

(1] faen s1use, wadeninda. (2506). muhuueiiensaluldlunsdesaaensiutigiulu
vgla. 1ATINITITY. NIINEIMIENITNINSGIED. Nowvinise.

[21 3905l stey, T03m1ans1nsd. (2544). MIAAERENAWNSE wavnskanlulawesune
WAL, $1891UNTITY. NIRRTV ANEINGIMIEANS PAINTUMINIRE.

3] unAa adneuni, Feen. (2547). NavesETAALIRREM o et TuAUTEgAUYEE
FuenlFammensaiivudounstutiiy WentinusUSaanunUndn . 7MAINRRTIIMEN.
Tudieinendy  guiaansalumIngnde.

[4] Kosaric, N.(1993). Biosurfactants Production Property Application.

Surfactant Science. (Series:vol.48) New York: Marcel Dekker, Inc.

[5] Sheehan, D.(1997). Bioremediation Protocols. New Jersey: Humana Press, Totowa.

(6] “twhutlnausnusnngn.” 2556 [svuusaulat]umeaeiun
http://www.bangkokbiznews.com.

(71 “grudeyamnuimansia.” (2559).[svuueeulatiluvaiiin http://www.mkh.in.th.

[8] A nUsenauann www.sciencedirect.com, www.graysonline.com,

www.technolomo.com.

69



21sas3uIMISIsVIBUULNYISD
drudnerransuazinalulad
Ui 1 adui 1 damau 2561

Royal Thai Naval Academy
Journal of Science and Technology
Vol.1 Issue 1, August 2018

A5 ESAUNAEUUS SN TANS LI UDIAY
Acid Spot Test

UNAYI @18y HeITUNUS
netivmaAnduaziall definw lssSeuweise
sualinid uneiiled Jawrinaymsusinis 10270

UNANED

a 6

lngnann1suaInsiigativsuussanvesansinedesiuaumeiulanginer uinsly
anunueiinddnddglunmsuenuezssinnvedansiidieanisnsiadeu  eliinesenis
a0 a & ° a ¢ I3 Ny a4 A A =
donyaunsgruvadlansaiauuliinisiessimesduszneununiiiienisdenasiden au

& o ~ ~ 9 % I~ & v oA A
ausadudulssinmuadlansilSeumsuiuunnsgi msldasiniinaaeulssinvlavelawunied
= ] . I3 a E a vy
38031 Acid Spot Test tunszuiun1snsasurinlansiiasiulaeEuainnsldiimannagou
=y Sy D a = v oA a o @
Funuiresnsniulssanintulaveyilols Fwenlmlunguiudmangedndadulansyssian

< = oA 1 < a o ! [ & o & a t%

widn uaznsainguiwimangalifadadulaveuenngundn anduvihuiavedanslviazennlag
nMstnMBnTEAENTY Waaldansieiinadeunnisnsifnualiegaluduneu vdraunuladn
Tavetiudulavenaula :nUszaunisailitnuunuinnsnageumeds Acd Spot Test Wikaiignsios
lugnmisidenldyalavzunnsgiulumaiianesimeinissileiagBunlaraiuisnsgnuHasa

Usgnaunmaeivedazyiiniuldegrsgnienlulunuuiasgivaing

Abstract

In principle, in order to identify the type of metal, metallurgy process is involved.
But, chemical knowledge is also important to simplify the selection of a standard set of
metals to be used with detailed chemical analysis tools. Using the chemical basic testing
tools, Acid Spot Test, can confirm the type of metal, compared to the standard, in

preliminary detection process.

70



NSaASuIMSIsVIBUULYISD
dudnermansuazinalulad
Uil 1 adu 1 Famau 2561

Royal Thai Naval Academy
Journal of Science and Technology
Vol.1 Issue 1, August 2018

It starts with the magnetic separator which can tell whether or not the metal is steel. If the

examined metal has magnetic attraction capability, it is steel. If it does not have the

capability, the metal is not steel. After that, make the surface of the metal clean by using

sandpaper before applying chemical testing procedure. Repeat the process until the type

of metal is determined. Based on past experiences, Acid Spot Test has proven to be

effective. It leads to the right standard metal set used in the detailed chemical analysis

tools and can report the chemical composition of that metal accurately and meets the

international standards.

1. UNUI

vatednaulleungUunauluies
UFURNSAIIURINDIMUANANAIN NTUIRILING
$19 nsugnmse (nan.nwv.05.) Twihiisuiia
voulumsmsadeunmastivedavy HnuaoH
vana Mmeall waznsnvdeulaglivianey
dmfunihindnvesifou fe n1snTiaden
auUANAivedlarsUsEnyens  MenITuIUs
mapiilueauuRnisall (Chemical Labora-
tory) waznsldipsesiefifinuazidoavageu
Wivuitsuiulaveanmsg iy Wy 1a3es Atomic
Emission Spectrometer, Lﬂ'%laﬂ X — Ray Fluo-
rescence Spectrometer, Lﬂ%"aﬂ Carbon / Sulphur
Analyzer Spectromete Dudu Lﬁaﬁi’%mﬂﬂ’l
ﬁaaﬂwqi’aqﬁiﬁﬁwmsmifsﬁ]aauﬁmﬁuiam
Uszenmila Tun1siigatingu (Identify) Ussinm
valangiin13n5133AT1eiUTeuLiguiy
NI LA W195FIUINBLNTNT (ASTM)
11M5311431NL88TUT (DIN) Lag 1IMTFIUIIN
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Gl 01) finsiesginsdomauiugiu
vodlanginendesiu Tlanedinmalddudy
Tavgdszivla ielianusodmunuiauas
wmsguvesianldgnies Slnevanmsaunsa
wisszanlangililunisden afraFeveansy
gtz eanlungulve) 9 sunssuislunis
Hanle 2 Useum fe

1. Tansusznnwan (Ferrous Alloy)
TangUszuanman gninuiadunguanuaiuney
ymaadl D 3 nau fedl

1.1 wianndasuau (Carbon Steel)
Humdndidquanddnissiuaiiuudauss
(Strength) wagAuBaUs (Ductility) Tueg
futBinavesaiveuiiflegluman  sinfiuey
Tumadnndansueu laun C, Si, Mn, P uaz S

1.2 wiannaide (Alloy Steel) 1 Huwan
finans1aeing 9 uenmideainsiglumdnndn
Auou MaNausIEng 9 adlulumdniile
Ufuussnmandinatsusgnisivanngdn
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Aluminium

ansuaulinuanshuatueglunaaii s
naudunnune tawa Ni, Cr, Mo, W, AL, V a9
Msuiiiina C, Mn we Si annndnuTuno
floglumanndrasusundeindumanndide
ilamilsliguiu

1.3 wannél¥adu (Stainless Steel)
Wumdnnéifsslasdlen () wauoglutnm
geidon1nni 11% uly Yunadasdesly
wiinvibimdndaaauUsiuniunisiinaiy
I¢anniu

2. Tavizuanngusian (Non Ferrous Alloy)
wualu 2 nqulng lawn Tansnauvouns
(Copper Alloy) wazlangnauogiliiey (Alu-

minium Alloy)

v = ‘&’ 4
ASaNsAnagauUsENLa L UDIAY
1935n15758n17 Acid Spot Test 1lunnsld
aswivenasuuiilave [iensivaeuRaun

A ' a & a

mMaellednsnin 9 lnefissruszneuniueiives
Fuauvselansyianilsagyiufiseduans
wdlanig taylidves spot ManIzAI99nI
PMIANEADNITELNG FLAINABNNTILUNUTLLAN
maa%mmd%ﬂumjﬂ@ denalvianunsaidenyn
984 Standard NlHlUNFIASIEIRIAUTENDU

aa = a £ Y  aa .
MUALNardendalu NSNAEBUAIEAS Acid
Spot Test #38I58N71 Spot Test €azlFUAN
nsldwimaninmegeuduaiuineglungy
1 I3 a A | [~ =3 =l
wiwdngedntedndulaneussinnivin ndl

I <@ a A | { [
wiwdngaldfnfedTndulaneusnnguinan
UL ITANSATNEARIUUR VDL aNE U

1INTIVFOUILA0I01ABN15EUNAA8ALUA"
Dundn duiiRassesdinnuasBenseunauly
nauisenaveslfisefiAatulmduluni
fupoufiseyluitveaey lidrudunouviad
Fumeule 9 senluifiudune mswaziliiin
TaRanarnlunisidenyauinsgiulunis
nadouseiaiedlofiavdenluduneussly
é‘f';a&mﬂiaiﬁuaq%umuﬁt,mmﬁﬂamam Fuan
ﬁummﬂﬂé’ﬁgﬂ Carbon Steel %39 Low Alloy
Steel thiunuludndenszaemsioudisa
U MAEaUlABYI Spot Test WU11 UAIINUEA
ansavatemneay 1 uwddunadves Spot 7
dAatududdhmamsiouty Fomnaaausie
nsantiane Ao ks aant
FunpaniRnTusna thauu spot Sufiudiinmna
o¢] uansilanzdutuduy Carbon Steel usid
Judmn wansilansdutudu Low Alloy
Steel  §fufTRTmTunouTBINMIE LA
THuraldfazlyaunsadudulditansduiiu
WJu Carbon Steel #58 Low Alloy Steel
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CHART 1

JuRE19

|

NAADUAILLIULNAN

1 [ a
wiwdngnlsisa

|

300 series S.S.
Aluminium and aluminium alloys

Copper and copper alloys

y1M914 CHART 3

weAnsA HNO, 1:1 (1) 1siem dunemdsannidu 5 udl liiAnuisen : 400 series S.S.

d1mna : Carbon Steel, Low Alloy Steel %1613 CHART 2

CHART 2
Carbon Steel
Low Alloy Steel

V

ANUANY

(%

9pdU1A1a : Carbon Steel

90N : Low Alloy Steel
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CHART 3
300 series S.S.
Aluminium and aluminium alloys
Copper and Icopper alloys

wen HNO, (conc.) (2) 1 e Funeindudunseutinia
Uum‘lamwauam 39dLnae4 : Copper and copper alloys
LaliAnUfAzen : 300 series S.S.,

: Aluminium and aluminium alloys vimalunau CHART 6

yaalun1y CHART 4

CHART 4
300 series stainless steel
Aluminium and aluminium alloys

negm 10 M NaOH (3) 1 vign

I
v )
AnUAsen LliAnufAzen
Aluminium and aluminium alloys 300 series stainless steel

|
vaaluni CHART 5
e HCL (conc) (5) 1 vigauaz HNO, (conc.) (2) 1 viem vuinlansfiazonddeniall 2
mmLmemmumngmmu mmsuumuimummaﬂma yen HCL (conc.) (5) 1 e a9
‘Uumiam neNENTaYa1Y Potassium ferricyanide (7) 1 vem 798 1 undl aammuﬂau
ahduiAnnen HCL (conc )(5)1 veaLaY HNO, (conc.) (2) 1 nem vuinlansiiazenn g
17 5 w¥l mmmmwammammmmm HCL (conc) (5) 2-3 NuaLaY HNO, (conc.) (2)
2-3 nyn Uum’ﬂawwa“mm A 5wt dhansazanefild 1 ven mmaquuﬂsvmwmaq

Funnngnou |
] Vv
ngnouazldun laifingnoauaziden
303 S.S. 301 S.S.
316 S.S. 302 S.S.
321 S.S. 304 S.S.

|
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nagounslagnen 6M HCL(6) 1 18A a9UUNTZATENTDILAT WA 10% Potassium thiocyanate (8)
1 g9 Lagnen 25% Sodium thiosulfate (9) 1 viem H9wnIUAL : 316 S.S. Tfawmiudie :
303 S.S,, 321 S.S.

CHART 5
Aluminium and aluminium alloys
v

wen 10 M NaOH (3) 1 niem asuuialavsiiavernudiuaosiisll 5 unil dndresnendu ud
Uaeensilvurs dunm 861 - 700, FAd1eveuraedans : 6000, FWn : 4000, Adlea : 2000
13iid - 1100, 3000, 5000 NA@BUSD 1A HCL (conc.) (5) 3 MR ATUURD Tunufiazen Als 2
Wit ansazanedild 2 ven Tauu spot plate warenasazans Quinalizarin (10) 1 neAkay 6M
NaOH (4) & men udinu dunamzneudinity - 5000 liflnzneudthcdu : 1100, 3000 ¥hde
wen 6M NaOH (4) 3 wem 7113 2 wiit thansazanedlain 2 nes lduy spot plate uazmen 6M
HNO, (11) 2 viga H SO, 1:1 (12) 2 vign wdmiea Sodium bismuthate solution (13) 2 vea 1Ju
faaving waniudane 1fidag - 1100, fd10a9 : 3000

CHART 6
Copper and copper alloys

b

wonlnensdansd [Wudunmseuiniauns : Coppers yisaluniy CHART 7

Judiudessau : Brasses, Manganese bronze saluniy CHART 8

Wudindes : Bronze, Red brass
men HNO, (conc.) (2) 2 vem ALY 2 w9 veminau 2 nea Ladan
Junemiiuuaziingnaudvi : Silicon bronze, Oil impregnated bronze
laiflngnaudvny : Aluminium bronze, Red brass yaawianagayu Aluminium bronze

Taen15%1 Aluminium kagnageu Red brass agn15¥1 Zinc

Hnznoaudv1n : Tin bronze, High leaded tin bronze, Phosphor bronze visslag e
Ferric chloride (18) 19em Ydeeiivl 1 udl udrduns

9" : Phosphor bronze

L1ifl9@dei : Tin bronze, High leaded tin bronze saiienaaeum Lead lag
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ven HNO, (conc) (2) 6 en AIUUND
Iawmavamwﬁw,ﬂmgmm 2 Wil
Buthnduadld 6 vien uadld Dropper
anasazane 10 ven ldadlunasnnaass
Bl 6M NaOH (4) 6 viem udraudiald 1
U9 1AL 6M NaOH (4) 8n 6 wen ﬁm
(1lel% NaOH mﬂﬁﬁ%mﬂu Lead,
prnou Lead avalgaziude Cupric hy-
droxide Fudurauda)
ivaeanaassluauly Water bath 2-3
uit udnhlutunies vazidsiouss
Wauiidurenadlauniiy 10 vesves
0.5M Potassium chromate (15) W@ign
6M Acetic acid (16) asludn 5 nea 01l
AEnauAER AT ULERINT] Lead Tufe
83l Lead 1Ju High leaded tin bronze
gl Lead tJu Tin bronze

naaau Aluminium bronze lagn1syi Alu-

minium

1)

ﬂuW‘U’N@J?M’]W]ﬁLLﬂQ

wem 6 hen o9 HNO, (conc.) (2) asuu
AlavgfiazeraialilfiAnufAsenay
awyIal 2-3 W

mmiaumaaaﬂuﬂﬂuwaawmam 4 vien
UazLFN 4 nemUas 6M NaOH (4) AuTis 1

7 wd i ludumies

CHART 7

anveavaala 1 wem lduu spot plate
WAILAL 1 Men U89 1% Alizarin reagent
(17) wdAu

LAY 2 MUAUDY 6M Acetic acid (16) tan
AU D UARRZNBURAY LansInd Alumini-

um Fdu Aluminium bronze

A&V Red brass lngn15¥n Zinc

1)

Copper

nen 2 nen Y89 HNO, (conc.) (2) asuu
Aolavefiavonniald 2 wift Wutndu 2
ven wgeansazaneiiléin 3 viem lauy
spot plate

B3 4 mem ¥e9 6M NaOH (4) eyl
Husing auidls 1 undl iy 4 vieaves 6M
NaCH (4) alusn uaanu 14 Dropper gn
ansazanedildun nenasuudaiionses
WPl 4 viem e 3M HCL (18) aslu Filtrate
fikunsnsesneda 4 ven auliii 910
thumen 4 ven a9 3M HCL (18) uaaAu
neum 3 hen Ve Cobaltous sulfate (19)
e 3 hem Vo9 Alkalimercuric thiocyanate
(20) AUABLVIILAT 15 AWty spot
plate szdunmviuidingneu Zinc \Hntu
Fudunzneudiniu uansind Zinc 9a
.Ju Red brass

‘1/]'1N’JIﬁ‘Viu‘Vl@\‘]LL@ﬂI‘lﬂﬁw@?ﬂ@’lUﬂiu@WHﬂi’IU No.250 LLauﬁ\‘iLﬂ@ﬁL‘Ui‘EJ‘UL“Vl‘EJUﬂU%umu%ﬂﬁ]i%"lu

: O.F.H.C. copper, Tough - pitch copper, Phosphor copper, Arsenical

copper NaaaUsiolae wen Ferric chloride (14) 1 vien vuinlavefiazenn LLamammﬂaumh 30

N dune ZLI‘\!@IZ‘WH :

Tough — pitch copper
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CHART 8

Brasses
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Manganese bronze

v

wen HNO, (conc.) (2) 3 em asuuiilangiiazenn Yaseiiel) 2 unil watun 1 ven ldas

UU spot plate 1AL Sodium bismuthate solution (13) 1 vea &ane

1174919 : Manganese bronze

=
4y
J&@mna : Yellow brass, Naval brass,

AD MWD

Aluminium brass vinaalag wea HNO, (conc.)

(2) 3 oA VU laneNazenn w2 Uil dune

Tnznoudvni : Naval brass
lafingnaudum : Yellow brass, Aluminium

brass ¥@aLiianaaaunn Lead lng

1)

3)

a)

nen 6 %em Y89 HNO, (conc.) (2) aauuil
Taviedtavenn MAlAARUARSEN 2 - 3 W
2)gaansazangeenildvaeanaaes 4
YA WazlaN 4 vea U3 6M NaOH (4)
aufals 1wt udhlutumies
Qmaﬂmaﬂa 1 vga 83uU spot plate
WALAN 1 viEm U89 1% Alizarin reagent
(17) udAu

LAY 2 viem 989 6M Acetic acid (16) a2
AU DAL AUFAULEAIINE Aluminium
g3l Aluminium 0y Aluminium brass

fl3T Aluminium 10u Yellow brass

NISASLNANTATANY

HNO, 1:1 ; @UnFA HNO, (conc.) 30 ml.
Turhndu 30 ml.

HNO, (conc.) ; Tense HNO, concen-
trate; sp gr. 1.42

e

(3)

(4)

(5)

(6)

()

(8)

9)

(10)

(11)

(12)

(13)

(14)

10 M NaOH ; azans NaOH 80 g. Tuih
ndu 200 ml.

6 M NaOH ; aza1g 10 M NaOH 36 ml.
Tuthndu 24 mL.

HCl (conc.) ; T¥nsm HCL concentrate;
sp gr. 1.10

6 M HCL ; 1Biunse HCL (conc.) 30 ml. Tu
¥hndu 30 ml

10% Potassium ferricyanide ; azany
Potassium ferricyanide 6 ¢. Iuﬁﬁﬂgu 60 ml.
10% Potassium thiocyanate ; agany
Potassium thiocyanate 6 ¢. 114‘13’1?151514! 60 ml.
25% Sodiumthiosulfate ; agaiy Sodi-
umthiosulfate 15 g. Tuthndu 60 mL
Quinalizarin solution ; aza18 Quinalizarin
0.012 . Tu 95% Ethyl alcohol 60 ml.
6 M HNO, ; lunsa HNO, (conc.) 22.5
mt. lundu 37.5 ml.

H,SO, 1:1 ; iunsm H,SO, (conc.) 30 ml.
Tuthndu 30 mL.

Sodium bismuthate solution ; azany
Sodium bismuthate 3.5 g. 1u1§1ﬂ’5u 60
ml. nauneutlule

Ferric chloride ; a¥an® Ferric chloride
6 g. i HCl (conc.) 6 ml. WiII91IPIY
dhnaulilasums 60 ml
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(15) 0.5 M Potassium chromate ; agany
Potassium chromate 5.9 ¢. 1uﬁﬁﬂ§u
60 ml.

(16) 6 M Acetic acid : LAl Acetic acid (conc.)
20.6 ml. Tuthndu 39.4 ml.

(17) Alizarin reagent ; agang Alizarin S 0.06 g.
Tuthndu 60 mL.

(18) 3 m HCL; i HCL (conc) 15 ml. Tuh
ndu 45 ml.

(19) Cobaltous sulfate ; azany Cobaltous
sulfate 0.012 g. Tu HCl (conc.) 2.5 ml.
Wiidemneeindulilausinms 60 ml

(20) Mercuric thiocyanate, alkali solution ;
a¥a18 Mercuric chloride 5.82 g. uay
Ammonium thiocyanate 1.92 g. SL‘u{f’l
A& 60 ml uwdadaitels 1 Sureldom

4.  §19819N15IATITNALLATDNIID

lavgUszlnn Ferrous Metal nsel Low
Alloy Steel s1afidoanmsnsiuUiunas léud C,
Si, Mn, P, S, Ni, Cr, Mo vinnsaiasizailagldy
N13 Arc — Spark éf’JEJLﬂ%IEN Atomic Emission
Spectrometer WiguWgUiulavzunsgIu SS
- CRM No.401/2 - 410/2 84 Bureau of Analysed
Samples Ltd. England 3@l Carbon Steel
smAFesnsmsuUTIna leun G, Si, Mn, P, S
T eAlaglinig Arc — Spark lWiguLiieu
fulangansgiu B CS/SS — CRM No.451/1 -
455/1 ¥®3 Bureau of Analysed Samples Ltd.
England @193 Stainless Steel lanzUszinm
Huvadu 2 viia fie Austenetic Stainless Steel

LA Ferritic Stainless Steel 5197fBIN1TNIM
Usunad laua C, Si, Mn, P, S, Ni, Cr, Mo %1A13
AAszRAlagldn1s MBH Analytical Ltd.

5. dsd

n3vh Acid Spot Test unslansiadl
neaasuuiilangiionsaaaeunuan AN
wilogenim q Tneflesdusznoumaniivesdu
NurTelavgagyufisenanty uavlvdves
Spot Mlamzsusngeenmiilinesensduns
uaNIINATATMINANITINTINUNYTELANTY
uindunqulawds Seanunsavinnisiiasz
TuesUfjufin1slaeds Wet Analysis Ti5ani57
uBndae

w3 Inginislunisasivaevlanslu
Tagtuilenuvainuate welulaglunisasng
\n3eailolun1snivlinsiiauiuaioann
Juniiluefmunnfniy winndoyaiind g
Jeuininn1snaaeulneds Acid Spot Test
dunslasiaiinaaouyssanlansidesdy
iiethlugnisidenyavestanzuinsgiulunis
Anszdmnaiukaumaaivostunuiimsauls
FeiedostiofioziBenty auansousnuezls
Murdudolanzeila FamnusluFesiss
aunstueegonlunNIINAININISITEUNIS
aoulAvUfiRnnedily ietduluimnis
vilwesnsthesdauanmsuiiReu gns
Anwiluresdou miiileliAnanudlanes
vinwrlunsufiRanustedmiviineadesly
awanag 1 dugUsssy
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Aluminium

l " /cm tron

Metal Sludge Copper

LONE15819949

[1]  tenansie lasanmsideuasinunlusunsugiuanuslunsiigainnulssinmvedans. (2543).

[2] Handbook of Comparative World Steel Standards, The International Technical
Information Institute.(1985).

[3] ASTM Special Technical Publication 550, Non Destructive Rapid Identification of Metal
and Alloy By Spot Test, 2 Printing, July 1981, Ohio, USA.

[4] https://www.goosgle.co.th.
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