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1- Main Ballast Tanks (MBT)
2- Free Flood (FF)

3- Flooding

4- Flooded Water

5- Heel
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1- Torpedo tube

2- Hydroplane

3- Rudder gear

4- Free flooding

5- Floodable tankage
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4- Effective volume
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1- Unstressed geometry
2- Bridge fin
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1- Control surface
2- Specific gravity
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1- Compressible
2- Air poceting
3- Drage force
4- Ballast keel
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1- Sea Water Specific Gravity
2- Compressibility
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1- Full diving depth
2- Positive control
3- Hovering system
4- Depth stability
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1- Periscope
2- Periscope depth
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1- Dynamic lift
2- Dead weight
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(@) Inlongitudinal balance LCG =LCB

LCB 4

(b) Additional weight forward requires added
buoyancy forward
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1- Permanent ballast
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1- Margin ballast
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1- Permanent ballast
2- Variable ballast
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1- Trim and Compensation System
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4- Trim and Compensating Tank
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1- Forward and after trim tank
2- Longitudinal balance
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1- Diving pressure

2- Centralised pump

3- Tree tank system

4- Compensation tank
5- Small trimming pump
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1- Soft

2- Soft internal piping system

3- Special tank

4- Weapon Compensation Tanks
5- Water Round Torpedo Tank
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1- Torpedo tube

2- Bow Cap

3- Automatic Inboard Venting
4- Flooded tube

5- Torpedo Operating Tank
6- D-tank
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1- Q-tank
2- Rapid submergence
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1- Safety tank
2- Hover tanks
3- Unstable
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1- Hydrostatic stability
2- Submerged Vessel
3- Stability

4- Submerged Stability
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1- Intact stability
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1- Lifting surface
2- Pitching
3- Submarine Dynamics



AY sy Selivlg,um

2 g o calize glace yw ) (ol p) JmiS Goldie Gluoga s 4 e &
O Geas 5 Uy zobaw 5l lossdy cel Siliwlgyiun los blus (il Lé slace o
@b Boe J5S oSl e slaglig s o] coge 4 o8 2,5 0 iy 5D el oy
W s slaghayie 3 YL dn o) 9y Jlos! Jls e 53 9 L2300 cond I,
DS oo b ol S 4 Qb A (G 35 (0 hlete (8l Cuow & (2L )3
2l o BG ojlul 4 ataly (ol alasMo b8 ojlasl 4y <yl ol 4l

el ol ol g5 BG ojlasl s o o8 6,50 Jole 1 JWSI (g2
- ! . <. & 1 D . &
gl 3 po 5l (o2 yilio jorlo cucl & ABl oo Ol w3 il 4y (e LS
ol g5 85 Js 53 3] ol apolSin 3 dalsd T jgsul bt g b cawlite padge 4
a0l all g 50 bule (ol gyl il 51 Ol (bl 51,0 35 GBS 555
Cunl (San S |y g0 dx g ol o 4 JES! s 5> 0 0l5 P RPIINEY 5\‘31)‘1 e
YL 5 2L s 5815 &5 295 s 3B L by oy B g SO B o sle]
Cen .bb)f LS:MS.Wo ol el cul L)S.o.a 9 b)b d)gdb}é Ed908 uwl)f }f).o O'\“’T
295 & ythulio (VL 4 (IS 150 el s & O a5 5 Jal o 5 48 350 e il
20,55 it «unl 03903 ok b ytwlie

O 3 @b gl & Cunl (s a3 &) JWI Jol > & laalyd 5l (S0
YL 2 48 gy W bl oo have G () ol & Sl (o 25 (0 )18 i

. o, . . - . . T .. RIS

Ol eS8y Pl 3 (pope P S el d58 0 )l o Sl Pl 4 Sa

S99 (SLS LYo Lol 34 d9ae Wlgs o 2bydp; el YU ey JyiS b (oo gy

1- Chinese Effect

2- Transverse metacentere
3- Surfece water line

4- Free surface effect

5- Transverse stability
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1- Water plane
2- Outer envelope
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1- Freeboard
2- Watertight superstructure
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1- Dry space
2- Axisymmetric
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1- Pay load

2- Launching arrangement
3- Operations space

4- Structure

5- Reactor
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1- Accommodation
2- Dry volume
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1- Sound book keeping
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Group & Outfit and furnishings
Group 7 Armaments and pyrotechnics
Group 8 Fixed ballast
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1- Technique of budgeting
2- Evolutionary/revolutionary balance
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3- Solid ballast
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1- Fibre Reinforced Plastic
2- Yoang’s modulus
3- Glass Reinforced Plastic
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1- Depth capability
2- Snorting
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1- Acoustic
2- Surface duct
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2- High yield steel
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1- Ring stiffener
2- Tensile bending
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2-Concertina mode
3- Interframe collapse
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1 - Overall buckling mode
2- Occasional heavy stiffeners
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2- Web
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1- Corrugated cylinder
2 -Hot spun



Oy b el

S 5l gy Byl o Canl (S wond oyl (6 Kby S sbol 1) (g8

20,5 oydg; iileS acs 3 g ol puoo

\\Jﬁ“.;

S Sl (gloylis o &S o lyie 4 JLth 6 ol L3 (gla s )3 (DY
08y 9l e 4 el ol (b3 sla S 5l (S b oy 85 0 )3
Sygmo ol 3 W el Glasl cpl o del 9 cdy g alize cla Bos g os Sl @
G S )3 0,5 (o0 )13 (25 oglite platel sbajl (o yme )3 2k
Lagl st abais 1) dlge & 33,5 (oo (o i Jooxie iy 5l alocond (235
2Ly 25 03,3 o5l cunsis coage 1l b i oyl &8 bl 5l S e Sodp
o 4 SLadd slawd a9y 0 Bes ST 4 &S 24 o (Sladd Dlal 4 29de
Sgdie 3y ol e 5l Yl
I8 il slagiis coos Ol Goe p3 2Lo)dp; egos oo &bl 4 2255 L
A Leolg o iy oS | 2ad (Siwd WM Hlad &S by el WS 0,5 0
e 45 s g i S5 el on (235 IS S 1
SladedlpSe (25me )3 45303 3929 Wiy dtngy g 0jle 59y (Ablie S Aalgs
2 Gl (S0 izman il S99 4 ol > (RIS ST § 65 o )8 (et
Sy 45 18 (sligS ) Slowy a5 (laad (13,5 wa ) SLige 5 () udg> ]
S Balp (2l 53 0055 5158 S (itS gla s S Ll pd 5 pme 53 Lt 5
G (3L (sla 5,8 5 o (I3l e cBas Sl & Ol s ) ot
L5 T o 5o 395 e yiSlio §1 LS (slo iS¢ la i yinlS’ sy um 4Ly

1- Fatigue



sl slb Jsol \O¥

aS 0 il (Syeo dn (Al b wons ) il e Bes s 0 348 Jlde JBls
& Jyane Vg 25 )5 S By gl Sl (gl il o ol
L aiapmal g 45 o Ly Blod ] slitz S ] el A Camgens
ol 48 LT elad¥gs g YU pudens abai b osds 5yl @ldee (clasYgs 5l eolazal
YLy S 5 i3 S b 215553 ol (on 51351, Jpasa ooV S
(sla i3 85 33l 4555 & b bl ol digdh (S ] 5 Sl
L ol (639050 yo 0,93 (slyl o5l LT aS" causly b g 3945 3,1 05l 5 (3900
Gos 4S8 25 (03,8 5 Slles slacudgiome cel cul (San Jolos opl .3

Ay el ]y ol (Shles g (B3 gy

é|,.o wl=xul

Ale Vb (oS plSouinl b 35 (b3 iy il cu Blge Bl (o iy (B-VF
dilen olacyip chl 3¥gs ] o canss Syl Sllee b 50,8 5UTL &
9 YL psbas Glm 5 3 oy Sl 45 sl YU dipaza¥] e ozl
cilien LnSLaSs L 5Ygh plSionil 45 pohailon S oo oalyd |y Lisla o MSte
oS e 2929 4 (g 4 5 g wilege ol o] Apegto¥] Jgio o Ral8)
5Tl o35 s SV 1 45 35y a0 e e 550
2 el plSotinl 4y sy (sl (65500 dlgs a8 sl p3Y blo sl bl yd oyl
YU B 5 plSotnl b dlge 5l o)lg a5 (6,50 (sl o 5 3,8 edliiw] yisleS” blde
4 Ay e 0 gl clacSiwd g puimeg ] L iilen wlge plu 3yl Cavts
Ol g ol o s lod @ Ll oV Jgie Lol il s YU (glaplSoxiul

1- Tensile
2- Mild steel
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1- Single skin pressure
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1- T-section stiffener
2- Escape bulkhead
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1- Plastic design
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1- Torpedo discharge tank
2- Cantilever support
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1- Superstructure
2- Glass Reinforced Plastic
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1- Dome bulkhead
2- Long cylinder
3- Tripping of ring frame
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2- Frame tripping
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1- Bare hull

2- Skin friction drag
3- Viscous shear drag
4- Form drag
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Component —Tai;E Py (%) = A —Tiﬁea (%) = B g
Hull 68.50 84,33 0.81
Bridge fin T.87 8.05 0.98
Stern planes 7.71 3.28 2.35
Bow planes 3.54 0.58 6.14
Upper rudder 5.34 1.64 3.26
Lower rudder 1.81 1.11 1.63
Sonar fairing 2.88 0.16 18.03
Ballast keel 6.05 6.10 0.99
Total 103.70
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1- Flat bar

2- Turbulent flow
3- Propulsor

4- Angle of attack
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1- Froude number
2- Wave Making Resistance
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CTM = Total resistance coeficen of model

— CFM = Friction coatficient of modal
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1- Cigar shape
2- Computational Fluid Dynamics
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1- Advanced speed
2- Stagnation point
3- Wake
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1- Single Axial Screw
2- Twin Screw
3- Inboard side of the disk
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1- Co-axial Contra-rotating
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- Co-axial shafting

- Stator blading

- Pre-swirl

- Grim wheel

Hub

- Open screw propeller
- Ducted propulsor

- Rotor
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1- Jet pump
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1- Bow thruster
2- Hazelton
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1- Magento — hydrodynamic
2- Conducting fluid
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1- Pressurised Water Reactor
2- Turbo generator
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1- High test proxide
2- Stirling cycle

3- Reciprocating

4- Heat cycle
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1- Recycle diesel engine
2- Fuel cell
3- Mobile fuel cell
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1- Architectural
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1- Toppling moment
2- Collapse depth

3- Forward escape
4- Escape hatch

5- Rescue vehicle
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1- Forward hydroplanes
2- Optimum control
3- Cable winch
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1- Cable locker
2- Watch keeping station
3- Keel



2l 55 Vol 355 )5 oo BT 13 3 b i e spgSinnyy 029 Yo b
AR L slaleydpg o Lz o 0,8 )13 abpnj S8 adie ) ooy (U1 & 30
ORI S0 gy b2l ple 3055 )8 adje cnl 5l Soml sl (See b Hlew
P e & plailen sl Sap (993 53 lod GBI 2 oMo (VL Cudlie Cusdye
Sy 9 293l s Sl 6300 S S ritmen 098 cual B ooy BUT 51
aledbl bbby sly olad & aos 15 g 39 cuas Ko 3 0 Wb a8 sl L5 5550
Db deess ()loyd U1 JB1> 53 b a5 21> 5l
Jo cmbge glome > S )3 (luyds s sgre 9 s9 kol w3 5 e
Olesd BBl ol Coond 13 Ygano ¢ o <S> balyis (Sl g S o (puilei
ol JStio aye o b (2b)20) ) s o5 Nz pp b AliS oS polailen 9 o0 ual
Jloas] jslay sl Ggllaol Iocuand s g Jiusyy 335 Jmo 3 oloyd 361 (58,5 51,8 J
O B 9 2)ly 4 5l SdS s Jrwp S oS 28l Bge 53 b oleyd (U] Cend
Sl Lol sl Cuand )3 Gloyd 361 Jlowy] Cumbge il w2dls ) Cuand ol 4
M55 @bl s e s ) bl e Ll o (VL > iy i
350 ol o8 bl 5t ot 205 () (gl i CuBse S5 0 o 301 )5
5 5 Ly oM o) el 5o 11 0950 20 5] o > S g ey
by bl 4zl 2 obuls ly Sle ks 3 olisd gyls &S 3 loyd 3B Sy 48,8
CByo Ly (2l ol CBye 48 Cunl (l 2l £95 nl s il 08
Sl (pSon 2,105 6yl 295 cuad lop BB 3 (K3 jskar b oS (Sl g

1- Eye piece
2- Main conning tower hatch
3- Bridge conning
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1- Retractable mast

2- Ventilation or snort mast
3- Snorting

4- Snort head



b 35 45 3y &Sl Jl 8 5 5550 ) 30,5 i basgd lgicee |y of ol st

Sy & Sy Slp A8 0 3985 2l 5 310 4 o Ol ) pasetio polie Jg o8
L ol g 55 oo i |y ol g gt Logloico & sl 05 435, a5 55 53k ok 25lg ol
Sy s JI3 & ol 3 980 SiS laebol 69y (b 0ded Sl LB Ign 9335
sl i o) P 4 2l el e (gl S Ay a0 Sy 500 A
8 olSin oS 3930 (b g loges (s IS5 o 4251 3,1 gy JS5 (Sibpl
3y Slos ad 3 b ol el s on L g 05 a5 e )5 Elgel (%0
iy Coys 45 (gl sl (gl ) (S WY s > blinl (dly g 3)b 325 ]
3599 P ye 1 sy 45 456 o winee s «Flapy JSo 4 logas 45 35,05 3539 g o

1wy Gl gl Jomo

By Ly Caond 3 1581 T adpe i gl o alydn 3 Sy colpl o (V-2
el 48)S 138 cdie )3 Glpdy e 9 -l2 53 S 5 e G g
o 4 odens laCiound Cjaw 4y Llgi o aedd Colyiwl oo « 55 sl ol
b aes colpiul Jowe (iSas laalydn) 3 wed (b adye 92 L S
5 Sldee wllasMe 28, § 4 1a3 5 ¢ clipod plaw Jowe ad (esuin 5l w
20,5 Lasuiie 83,8
slad 5 > (b e gl dd joome (ol )3y deas &S b ol 4 B ) 0yl

2 oyl S e S (S35 bg ol gy a wbpde o) PR 4 ate

1- Centrifuge
2- Multi-deck



b b Jsal vee

L;LQLA_Q l_mL;:l_s).))J) Sk ) ..\ml;L;o u.»l.,).)).s) RP R dLaB J>|.) 2 u.mlﬁ) oY 9
Lo 2byo05 J315 3 (0305 Bpan slp (a9 4 45 00 ghie 03,5l (gl sleolsn
Gls gy o (i S A S didy (gl aST ol sl (> SUIG) pl oyl e g cu]
.));lu_‘o g9 A_IL:) 9 o4d d)J.a_o J_ﬂ) Jl}c é.é.) d]){ LE»M&«MQ 9 J«SL;o Jl:w;l I) LSDL’)
5 oS 03 5y | (55 (lyr el o5 (alié o (6105 sl plgisn |y (ol Jone
Syed gt o 0355 p)5 4 3
ly oyd (Hg asyb wole rezdiwd (S5j 4 obydyj,n Jels oldl a8 ws j»
gplen .cd)S 1155 3 b ey b placend (0,8 o b o degl Ll g gls <1y
ebyS b 3 1y Ll ealiydgeg ol b canliie s o Ysano g 598 wal bl 5 clgs
01 dhia g (s Ol 4gd g Sl o Yl (93900 Lo (i 5> Jioyy i
4SS #Blas y plpls il (See 0 0030 (655 Bruae Codgiore o 4 Cunl Seo
Ul ol il g o3kl jei O jl cunl (Saw )5 Sy9p0 s ol jl edlizal
5 Lol 25l 0 95292 401 (S35 ore Spsloe 3 plas (85 )15 5o 1, (SMSLe

g o 033 g (dm uad > Mt 2315 O (el a5 Gjlxe

g bl cua Cuond
g A8 e JUil 1y glelas Mo LB (gl g yboly oS Sl 300 slo by oo (V)
sl B 9> JBlus g B o cual iy Ceond (5 08L 53 LBSL )y S
Ll \ua.’}uil._a 9l (o)l Voo dgas (gl Sy &S 55 3425 (64bL Cua
2 9 Sl odppnz 395 yolome (6ybl 4 (bl o g Siud e o2 4 skl
SIS 5lab qop 4 Lol S35 (St oy e tleiioe dlml YL 5Wy S gsarme

1- Individual
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1- Chlorine
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1- Main distribution switch boards
2- Machinary and Reactor Control Center
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1- Electrical switchboard
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1- Stowed hydraulic rams
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1- Vertical Plane
2- Manoeuvrability
3- Dynamic stability
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1- Manual control
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1- Suction force



Y5 2025 Seelis 5 J S

oz ol o (VL o o IS5 dald e 5 958 0 S35 @3S Ges & (2l
A3k olles

Sea surface

Y Y Y YYYYYYYYYYYYYYYYYY Y

/)

Dasign diving dapth

by Slhles jbre 4l (A-Y) U5

C s > o 3,8hos b oyl €y g3 o) 3,Slas wsd el Tany 48 jslailon
laplos 5 Lagys 5l oF Coyus 3 a8 |y col Sglite ((50s il 9 Lais) YL
o=l bk b il og aalss iy Sealidg s claplas 5 by 4 Cond Slinlg)ae

PS5 o 0ly By (K95 g Gos bai g i Sl (o> S b & ol pre o2



sl slb Jsol YSY

ol Gos 3 2l sl s <S5 bl oY el 5 <S5 (Sl g (Seslizd

A5l ansly
Jgy &8 > olgs

ol Y5 b ghb & dix o s Jgene J) €8 S (595 (25 e
o Olgsiee &S (Jolye g A Anlgs 03> pruses ]J.:u 5 dgu oo 0sals «\J)Wl» &S 1y oy
oBly el oS any> T 0+, asly S ls slb ds e 3 Yoems bl wsils, Jils o1,
sl 0l 3,508 sl oy 31> ©Y1pile 5 i 5 39500 48,5 Jai ) Cal
085 i )3 L gdge a)S Jlai > (b als e 53 ke ol &S bl I sigd e (Slb
ool Jod BB st Jos 53 aygly ol cplipabl 2

bis gl p ol (Soe B 2Ly 5l (S o S & S gl clajls 2 op)e
i £ 8] axiio o g G398 diuo > o il b L glopy Slrlis] 4 poue
Lo 95 o ol wlid Logildl 6154 b 5 gtins g lgw 5l &5 oS
LBl 393 CusBgn b Cundy S slp s oy slajls Canl (e ayglid Sl (B
Loy s 0 gl b 355 ol Ll 0 8 b T a5 Clow gl Mee il
Dgd Juate 0d didls obydy ;4 Llgn b abl s aidls

&y 4S5 35 5539 (ROV) 5 ol j1 S sl 5p9-0 5> stolis clajly
5459500 HSe Ly i 53 (ol (slaojl dlusg: bl glsil 5 55 5 i (oot
O Bhb Ol 3550 )3 Lo )l CuaBpe 583 Lais 4 Lo 595 ) plosl ol

V- Snap roll @ ol zse g ol aule ()15 (pslae ) (283 glag s 5l L804S (Jsb jome Jo>) (ooye iile &S >
Y- Submarine Rescue Vessel
¥- Remote Operated Vehicle



yYsv 2025 Seelis 5 J S

Jo Sl lgie ) 39290 (Sls,98 4 iy oS o o0 paiasS elS ol
h S S M oy

w2l ydyj &8 > Ol

ol 1,8
S o8 Gl g 593 (@b Seslad (6995 1oL pebled ces & dix o (AY
ke |y Loy 8> Yk 3590 50 adol las ol lasio cola b o
28l clie (Sl 3 e |y el 45 i g sod o5 it )lg o oS
obe 29y 5180 3590 ol 2 & Sl s 9 byjge & Cunl p3Y 35 (LL
Sg oo 03laiwl 48 Sla e olSiwd uwl oad odly LS A-Y IS (s &S wSles
S w3 45 3980 (538 anl Qb3 j 93905 5 (w550 sk awiin b Billas
b g sglid ki S50 (5) 355 Olatss ot ol 15 p0 S o €S o O B 5
3 (ol Sla o olSiwd ol ol 90 38 Ol UB 5 30 9y Sl sk
e Siom andlas s oS e @) |y S s calisee dlinl ol jon S
lad Claise sbyygme @ bgpe & (UL (slagps wile 298 o0 el 1) (6500

Dgas o0 03 Zusgi b 3 Ugd (glrog,S s 4y €S > SVl (SU6Ss Cawl



sl slb Jsol VoY

:‘c)m«‘.’:‘}!:l.m
mu =Xp +Xy+Xy +X,

wlisly 3 o €S > Clis s sl clo 60 py 45 83 e Ui doles oy

Jold Lig 5 ol bl e oo i 3 ol 32 0)l5 (slog 8 ggamee Ll (oo ysme
sgme sliwly 3 S o (Seolladgyies Caoglie il (lpdey (5958 9800 3 slag s
9 38l LT ol (5o & 3503 S > 5l (U 03 polie (slag s ggeme (Jsbo
pr2 4 Ygane o (i ypome (sl 3 hokis <8 5l (b Sealuzgyin (slag

) “éﬂ)"" Y«aas)’_é]

:‘:33, Ao Y aleo

m(v +rlU) =Yy + Y‘;, + Vg + Yoo

L.,r = Ny + Ng + NR + ArCom

$SLogy ggoome | (3 (dye b g Lo > > 4 bigsye Asles

Hhed il da baye dilae (093 Ml oo (28)e Sz 3 B 0l (Seeliadg) i

3 3 gl ey langly s g QLS S50 5l 033,38 o350 yye S o s
ol 4 15 0)ly  (Seoliodgyin (28] sla yloo £aee

1- Surge equation
2- Added mass



Y& g\e.ﬁj.j Sl o J,w5

183508 abio Y dlro

Cont

m(w-qU) =Zy, +Z, + Z, + Z

Iwg= My + Mg + My + Meor

goooe J) 36 g33ae Car 3 ol Sl g o i pyr 4 bgpe dbilas 4

s> ol 4 bgye alblas (093 sl S 0l )3 Wi 2 3)ly (Seslidgyien slag s
3 86 gy S5 53 Slavgly Sl g QS 0 510,35 e pgme g o
Obos 390 (il 3 48 Canl Wy 2 0)ly (Suslindg e (slagys ($390e laplee oo
L) o acy (81 el 5 gL gm0 o 3] (g (Sl m o 53

D9 o0
1)y S o SYslae
Ipxbd= Ky + Kp + K,

ol Ghiasgly ks 5 o Job yme Jo> o (9> oyl 42 bgypo alilas ]

a2l 8 il 0l Sliwlgyi 0aily)Sik ples 3550 (ol ) &5 WL o S >

23,5 0 03938 ol 4 (e3g08 axis | )15



sl slb Jsol vs5

(S slag
Loy aiwd 90 3l JSuie 00 Ly 558 Yoo jo &S Soliydg s (slagys

25 slngyms 45 cl cl 3giin Jlae! &5 (oololy8 nilon " S8 slag 5 ' en
alos ayely 50 (ool cls o LSIL il o B0 Slasds dan ol qouus <8 > dliwgy 0l
3 Sloy a5 ssd olig s s o)Ll Ll ol 3l 5 a8 J S (clang s g s yhuo

Al ol ldgly g e )l 365 (ool s I kS a5 Wgus o a8 )5 las

Swoliadg ja Olilde

1y Seeldg i slaglae g lagys o ol jls Y &8 o Yoleo 30U g9, (sl (A0
Lo 50,0 ool a8 1) gl 51 ool guwy dlaws g wudd oyLis wlio il jle alwgy
0238 Vool S L |y el o0 (ol €5iad Sl g 505 (byme Sealuzg ]
ay) it s 3 S 001 Gyl gl sV gine yobo &) s S > &S oS oo
Capmns g g |y a5 1 03)ly Salidg i (slalae g gyl <8 >
8,5 a5 ol ol e e o Sl @l s b puditne
HigS s 03al € Salipdgpipp Clition a5 355 00 o (oulpd by abal

Y Seolindg)ld (5950 sl atsld 3959 V (gaml Sl e pus S (ST Jlio (slys ol ol

ot G (69,8 Bl Ty 9 9980 QY = Wy - V b &S 25 e don S o )

1- Body force
2- Control force



sy 2025 Seelis 5 J S

ol Clogas 5y Gilejl ) diedgus ol Ky s (el sito Loy 5 odlizl
3929 ol baalpd a5 ol iy 523 )3 1) ol b Jy col (@b 3 JpiS 5 Jobs
@ldp) ) 305 Jhe jobte & Cuns (92 (b (158 b Belal JB (oS 455 )
ol L alhlie as col 5L il Conyd Mlgs o 09 Jod 15,8 &S Slaygile cos
s o 3T (g sl 5015 ) a8l b 39 03,51 €8 > & ¥leo ,3 ' 5V e
Db o S gy e Jas I;,JL’J 2 &S Jeol | odlatul g 29 0 0z
o a8l el Yms a by ol 5l odlatul 4 5L porde b zuls (13y9] Cawds (slp
g 4o ol 955 olyen 4 (S p)pglie (59005 4 bgye Shile 13 )i & (s, yolaie
aS ul o 3l Sholung ] die; 1 Cpizmed b pl by o 93 (g A sy
I oo 93 Oy Cogo @ 0xi Vb clabigh ) (58)5 @l 5l (80 i pglie g9y
2 il e A L Oy 4 0dd ly e U5 a8 3,8 ol LB bl Sed e ol
Y g b e ® s 09 Gygo & a8 Cowl o oalatwl Yolee I IS 51 aatdys puin
Pedise Glo p) Cigpe 4 Jle lp & Sl 5 S o

, Y,
Yo =75 LVZU
2P

T ol yd ead eolawl an b S5 jd plpll (Wad o 48,8 Jlas > Lwdis S5 culs

1- Higher order

2- Second order

3- Lift coeficient

4- Dimensional

5- Non - dimensional



sl slb Jsol YSA

1A 0 e ol dtusly ey jedoe 4 e b Seolindgyiud Gl < paise
)3 929 Sualindg)id g Selinlyydn slalos 9 gy (o (hlite

B ado 45 (6l g JpS

R JSus 4 Yo
S sl gl 5l ooliul pioman o (A-F) s > ©¥olee (e (Bg) o0y 10 L (A=
T 91_.{ C)_: 9 A% 69-"‘" sy yd u.‘a> SV leo ‘8 4;‘9) b)'LU‘ L L)ng’ d‘)?UI wL.o

m(v +rU) =Y, o +Yr + Y0+ Ysd

I.» = Nyv + Nr + N + Ngb

IS Jele (6399 el G L gT 9V pglal gyl g3 b dbleo 93 Lo oyl ol

uily punlys O

Swelyd (55l
JXS (63939 (9% 9 altiane yowno )3 &ST (s 3 bl (ol ydpj L8, (185 i d L
il 0 i ook JSi & dlslae doed )3 owiS oo Egpd Ml 0O =0 m

(m-Y)o =Yoo+ (Y,-mr

(I, -N;)r = Nyv + N,r



V54 2025 Seelis 5 J S

b Sen dblee SO & ol o [T gV sl yuiio b fuwdlyasd &Vlee i oy

4 sl Gty oLz lpTion |y olas (pl 4y 355 Jog S T LV oy 9 455

aablbe ogas o A8 jasin |y odd (158 e 0 ol S s (Selod ol

5 i ¢ (g lalisio Ly ite e 2l oo Yol 'los o Al po | plos S5
(A=Y US3) 2L (o929

1- Exponential
2- Exponent



sl b Jsol yy-

Original path

(a) Straight line siability

(o) Directional stability
complex indices.

(c) Diractional stability
critically dampened
real indicies

(d

Paositional stability

N T Y O I A

Q Time — e  0indicates instant of disturbance

b))l iz SVl (A-F) S8

Ailige 8095 Ll & (2l Sleg gl sline & bl bales (uily

e lales alwgy (hgudie J18) cplply g a8l e Gl oomn Jas o <l ol L
(loj oS L el uiitne ywn 1 (Sarg8 Blioal o il cute 51058 00 (aeiio
Jlosl (8 Jaddl (S ST B 55 anlss Bomie il 095 adgl youne Sl 2bp2 )



VA 2025 Seelis 5 J S

;\JW 4SS bgy S By JuiS el e aS e 390 e 5l Sl slacdl ol
. 3 . .

390 ol 53 Adlge € ly ()Ml Jhre 39y 00 )G 25000 Asles (55l0L porte b))l sl

S 5 ayle opl il Cuse L doles pow Gyle a5yl coll Olyle @ 5L Lol

i ilis (Seold oMl e 9 0392 9k 5 (sl S itdie (oo g 9y

N,Y, - N, (Y, -mU) >0

295 )l 45650 Blg5 o bty cpl (Y —mu) 5 Yy g0 Slle )5 i b

N, N L
(Y, -mU) Y

]

Sy 5l ol los o o 0313S” (ly jle (gl 45 3 g o sk ol b

A glyis a1 o e oalpls 5 wile | id g2 S J) Jols 9 5 252
Ot S 03 Gl Syle (ragd rizen Dgdpe ol X, L &S €88 Ll )3 gy
ol Olasie cnlple g b (soul &8> 5l Jols (590 g sgml €8 o 5l Jols (los
Dol e aes 3 gd e ol X, L aS @d)8 s )3 9,8 o] 5l daii lgie 4
ol goy 48] n (X, =X, )0 5l candyls bl amio o " azail o8 > Spoliy
O S Bl ggul €8 o 5l LBU g9y ST e I gl (gldals Wb i S > ]
3lg yom—s (gladasd Gl il ol5 8l Cpn )3 sol g9, &S > ol (uguome Cdlas
oanlie sy 45 jglailan 350 3y o Sl Caz 3 (52 S5 &Sl 3 39500
Cnl piiae Ban pl g 39 Lalezo Sl cpl 350 4 B Cuslial Wy bgas 8 wunlgs

1- Routh Stability
2- Rotational motion
3- Disturbed motion
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1- Damped oscillatory
2- Critical damping
3- Overshoot
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1- Automatic pilot system

2- Auto control system

3- Proportional Integral Differential
4- Yaw rate

5- Depth error
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1- Flare

2- Level keel

3- Box keel

4- Pitching moment
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6- Streamlined hull
7- Stabiliser fins
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3- Bridge conning
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Horseshoe vortex
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1- Astern
2- Pitch bow up
3- Stern tipping
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1- Horseshoe Vortex
2- Propulsor

3- Forward plane

4- Fore plane
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1- Net control force
2- Neutral point
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1- Drowned plane
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1- Retractable plane
2- Drowned forward plane
3- Tip vortex
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1- Effective point
2- Trailing vortex
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1- Upward
2- Zero lift angle
3- After hydroplane
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1- Stabiliser fin

2- Horizontal surface aft
3- Flap

4- Fixed stabiliser fin
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1- Twin propeller
2- Rudder skeg
3- Stock

4- Yoke

5- Wake
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1- Rotor blade
2- Tilt axis
3- Leading edge



b b Jsel -

ool JSuio (28 P50 o B S (585 S5 )3 g e diBle S poxie )50
Mol g ol el 5 sl dgaome LS Las 5 oy yie p5 e (sldd oS 1>
Colue S0 L g 53555 ol b i 395 ly 5L (oYL 5 oS cnl oo
MolS s (] il ypabogt 3505 ol 13l S &y s 555
Sgme sl 48 Wil o Toasiny Jy e g8y blpe sl 5 canl izl
A SpolSin g S 25 ) S ) b snmd Jy gl o opylite slap S
Sl ol g 9,8 oo )18 O gy (YL )i lS alo O o 4 2L y305
MOl ol s Slasga s 4y yotie Al e 45 3,5 LTS obyapj Teulis
P9d (2b)d5)
O QB G ual (IS ©jg0 4 AlSl KB b (o028 Jgene sla b)) 5
ol iy )3 a8 aing S e claad b slag S 55 51 45 351l slBs slaailyy
- . . wh & o A - s v - |
..\..»L;o @V c..\.)‘)?.g w)f )])5 [ uJ).uS Csla.w wb
&9 4y ST by K 5 S g s ool ASS wlyyy cabd (S 5
oS ol 5] 095 o Al Coond Sy 4k S35 10 oST5 el g 0 osalin 45 johailen
S ok ) ks Wlg5 e Ll laolSaSs 655 50 bt it S ot ko oS
s Lol il i o 5l Jsbo (sl o ilgicen culple g a8k S pote slaad (sl
A8 Sl S ) Soen b il 5 (VL sl cund 115 ST A sl ol diejls

- Double rudder
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- Roll moment

- Asymmetrical rudders

- Steering

- Flap type

- Fixed skeg

- After plane

- Stock

0- Flapped after plane
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1- Craciform arrangment
2- Lifting surface
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1- Servo mechanisms
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1- Thrust
2- Pump jet
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1- Flooding
2- Emergency recovery
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1- Submariner
2- Manoeuvring limitation diagram
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1- Ventilation and Air Conditioning System
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- Hydraulic System

- Centralised hydraulics system
- Mast

- Engine room

- Non - inflammable fluid

- Winch

- Telemotor system
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- Ram

- Pressure accumolator

- Capacitance

- Centralised constant pressure system
- Actuator

- Return line
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1- Hydraulic pressuring plant



bR b Jsel ey

sy 5 59 oo 03lianl 5y Tyl Uy cclaaly) 1 Sl yid pnpes )3 joid
Al tnlS Lnadg) ;5 (o5, 3T 5 0l o T Jlows (sl o)l 455 3l |y iamms
293 ()5 Sygo a8 )b dg2g YL LIS (s slapiun (18,5 0 o asle
oo cve Lol gi_o g iSalg) 5 elinl 1SS clmojlil caely cbilods odlitsl gylio
A8 Olasl 15 abys s olehb oS ol ond el ot i
\ & e s - . & e
Sy Sl U8 e S palitae 45 5l Jold s cpl Bl (23 S8
il e Syoe CS i 0008 asudie ‘Cj Od b Hlde g sl e Jla 550
4 Sy | CuiS p CunBge ) ) SleMbl Cusl jazme &S Canl (pl it opl Sie
el Y aislo dmd )85 5 el oS 5L L s |y S e b ams Jlil )8
Ol xS dlsyo 2 )3 QeSin y Cunbge o Cunl asiiio £eos (g
Tl (2l (gt So 9 oS oo g ()8 golaw S o5 gl Ll
o > A o0l B 1S L i 5 o By iy sl > )y
IS B2l or oo BBl & gy S )T 2353k &9 e Lyl 4 5l
Gy ol b YIS il ails oMl szt ] 53 b lSw b oSl &5 e |
Lol el s s5ill gy S 51 oMl Sy ol diz o S 1y 1] oo 35292
450 Jlail s bawgi )ls 518 (b3 o 3 & U8 gk (HSly Cusdye
5 byl gl bL)| o 3 JISC8 o 1 )3 sl a0 4 39450 Lagiyo S
b o Al Sl s B Ko oo 51 el b S s By Casbso

1- Control Valve
2- Feedback
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1- Position control
2- Lever

3- Dial

4- Servo system
5- Rate control
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1- Local servo motor
2- Servo distribution system
3- Piston displacement
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1- Auxiliary Machine Space
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1- Vane
2- Kingstone
3- Mushroom type
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1- Quick diving or Negative tank
2- Trimming system
3- Salvage blow
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1- Main Machinery Space
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1- HP air blow system
2- Short circuit system
3- Emergency blow system
4 - gas generator:
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1- One shot blow
2- Built In Breathing System
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1- Bilge
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1- Trimming pump
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1- Compensating system
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1- Distilling system
2- Gash ejector
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1- Rubbish ejector
2- Inter cooler
3- Condenser
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1- Control panel

2- Hull Systems Control Panel
3 - Cottering

4- Gauge
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1- Oxygen candle
2- High test peroxide
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1- CO; Scrubber
2- Methyl Ethanol Amine
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1- Catalytic
2- Electrostatic filter
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1- Collapse depth
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1- Escape bulkhead
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1- Buoy
2- Deep Submergence Rescue Vehicle
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1- Thetis
2- Lungful
3- Hood system
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1- Gross tonnag
2- Lightweight
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- Valve
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'_ Pressing indies
2- Assemble
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1- Non-destructive testing
2- Internal fitting out

3- Sub - assembly method
4- Parts and components
5- Slipway
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1- Cost
2- Price
3- Weight groups
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1- Structure

2- Machinery

3- Out fitting

4- Main pressure hull
5- Fairing
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1- Functional Costing
2- Escape bulkhead
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1- Fabrication

2- Fitting out

3- Sell plating

4- Penetration

5- Single sided welding
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Calculate 3 Estimate volume
payload pressure hull
Salact hull configuration
reserve of buoyancy
Calculate form volume
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Fievise design if -  Estimate cost
cost excessive

Reiterate as
required

Calculate R & P
submerged and
surfaced
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Calculate stability and trim
submerged and surfaced —2
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Drraw
trim polygon
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Estimate contral
directicnal stability
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Design
pressure hull scantlings
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1- Boiler pressure
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1- Boiler formula
2- Von Sonden
3- Gunther
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