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Mid latitodes Polar latiiudes

Ray trappod in the
deep sound ehannel (DECH

i~ e

Typical mid batitude
sound-speed profile

= (m/s) e (mfs)

Hon mountain Range ~ 1000 km
or continental shalf
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Rocket) O Fegle 0N S48 4= i, BAAR i J




s =x Pt skHz 04 Thlo] 42418t A1A]
A 554U & 229 Sab 21" 42 (Direct Path)
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AL} A=, Zegle fAZoIA BRIE & Q= ALt

7 AR LY.
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Zone) A= ©AIE dliof oIt 1] st 60T siATH ‘ﬁ/\}ﬁi
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Provided by Harmy Tucker and Lawrence Waful, both formery of GE
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40~
a0l —————
=2 Favorable
= Conditions
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[ 20 Average

Conditions
10f & Direct Path

T T T T T T T T T T T 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Note: The very shon detection ranges via the dgecy path in the wirm months of the vear
were & mapor problem for predecessor sonars.
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ohe ode = &4 €A #H0JE(Periscope Detection
Radar)Z 7ieetol Aeiststal It PDRE EHA77H 2]
Ol 7I&S ol&sto] & EB.% HAoIA BRI o T 1t
T OJdH0] & s91ad EAIE aidalr] Qo 11& A7E
ol Ars32A XA Zee F8stal rh
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Mid-frequency

3 High frequency

Low frequency

| 2121 7| SURTASS LFA 2&/E=

I8 §AIAZIZE E01EAF = 79 st 80d] St
@%ihl zgle FA0A EAlsk= 7{4-,—& saaLh i
o BIRIE 71HCEY n=e SURTASSO] AFSH SEEA14A
£ F7k6t0] 30~50019] 248+ BRAIASE H6HIAL 3
C}. SURTASS LFA(Low Frequency Active)= 100~500Hz
ool MFat2 8% 8 441 oA (Hole= 11t
T, twin-line array)Q} & SAHALE FH) 2 A% 0]
QIT} SURTASS LFAZ} U5 FE451 A4 0] it BEksiet
Compact LFAR 7WZSIAC) O] sllt0] SURTASS LFAE &
XH—F— 500088 $5UAl T8 T-AGOSES 28dh= ¥
FHAM = OIEE 58 BAg AFa ssaus 7idst
Ml:]'.




Early VDS design
MF Array in TB

Separate Tx from Rx

7~ N\
“Light” system “Heavy” system
design design
! |
ATAS SLASM

CAPTAS sl 2087

! !

Lower cost, smaller,
easier to use FREMM etc.

!

| 22 8 TUS LF VDS et BHFAR

CAPTAS Nano

SIZA TUSAR= 199060 Z710f= HMS(Hull Mounted Sonar)
9] MIXE Towed Bodyol] &&tslal ofjelstol, Sl off Frelel=
sls 242 '§R6] Ygt 1kHzeg VDS(Variable Depth
Sonar )@l SLASME 7H&1C) SLASME &SAQ] Tonpilzd E

NEAE ARSI SAKIAE single towed line arrayE AR
0}04 FIER) FEEAE THEoleE Ty AAHige] A &4
Fakpo] ROIE FRCL

| 23 91 SLASM &AM VDS

SLASME SURTASS LFAO] H&} Fulst QA0 A
¢l Tonpilz8 AN 71&€ Fgato] TEFoIM 28at710]
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U 2g1 2 BAS o A9l

Olefst 2AIEE sidstalrt Aat Mx)7k 7RLE0] Flexten-
sionalOIL} FFR(Free Flooded Ring) SEjQ] 48 188 &4l
A7} 58Ul F8EQIT,

SASAA S S LSS A S S SSSSS S, m
SIS LSS LSS SIS IS I ISIS, &\\\\‘%

(LR

| 22110 | Tonpilz} Flextensional AlA{H|w
a ; L

TUSE 22 elolla] 850] 248t 1.5kHzH2| FFR AHlA17]
=2 CAPTAS(Combined Active and Passive Towed Array
Sonar)& 7WSHICE FFR S41KA7L Edeol thal FAIe
Mo|ER FREA| Al, FARE LESEE Triplet Towed Array
71eE HESIALE. oIS left-right ambiguity &
AE 125l multi-line arrayS AMEsH0Fsh=0] triplet
arrayt single towed array WRo| 4Z4HOZ AAE <7 i
Z|510] cardioid beam WEOZ FRTE EAZ s1&519C

AMPL AMPL

szI— ——————————
T | }%> TARGET IN A STARBOARD BEARING
5|£74i— — e ———

- ECHO " ECHO

RANGE i RANGE

| 22 1] triplet array X222 2I5A




Twin-line array+= triplet arrayol] HI&} £ 712 E40]
Fotal AAAs EFHOME <ot ojelgto] HEg
twin-line array AlO] ZF40] LEGHA FAIEIA] ZOMA ]
O] ViRl THEO] QItt, olgfet wAIRE 7HdstalAr 1) ol
T2 SURTASS twin-line array W50 130b AL} 4140
KE dAloto] AAHIG ALO] THAE F8ot0] vl I Al HA
sk 71We Hgsint”

m 2 Ho

Towed System ’ fg
-

Tow Cable 1
approx. 350 m

Twin Array
approx.50 m

TailRope VIM Stabilizer VIM TowCable 2 Towed Body
appox.20 m approx.20 m appox.500 m
| 22) 12| ATLAS ACTAS 4ZMIM"

=2 ATLASAIS] ACTASE twin-line arraysS $AIAAZE
AMEStal FFR M8 SAAANE Fdok= 1.9kHz tho] A3
1t oely sasAUE NGt SAAA oRlRlE FAVL
142 FEE 23 0] Atk 0 shtQ] SURTASSE sS85
a7} 500Hz O]5t= miS> YO} triplet single line array®] &
AZA o] oFFE Cardioid Beame THe7] fIst AAFRE
2k 4 glojA, & 7Isdol Alske HRTE Bt ek

d 45 TS £0|1K} twin-line arrayE AJEISIaL ATk
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| 22 13 ] twin array®} triplet array

0= SQS-53 BMS(Bow Mounted Sonar) 2 s HiAfz}
O} S5 HRLER Faegt I "AIZE 7hsolL, oA
H HRIEY, #4311 84273 Sound Velocity ProfileO]
Aol ¢lojojof stE2, Follo] 0IFE 20| aiY SeEA]
a0l Egigt Agose 40| fohs feta FA oA
IR517171 OELh. olgfet TElE HetstlRt &g ofl4llA
ACTAS AN/SQR-192 SQS-53 BMSQ] S2AISE 441
P4 QEE JiEet MFTA(Multi-Function Towed Array)
AN/SQR-2022 thAlekal ATt

].‘

ro of

ok

AN/SQQ-89A(V)15 Sensor Suite

[ 28 141 AN/SQQ-89 ALt A

MFTAS B41% ofe} 20] ojolshel E5014 &dlsks 84
aufo] FE M) E5 S5t BHE oR)E B HEshe




HE 0183510 20| Fslsh= A~EtS Bistatic mode® St
HOoZ HAF 4 ATt

Jlm

= Above Layer Source/
Receiver

1111l = COVERAGE

= Above Layer Source/
" Receiver

* Below Layer Receiver

* Above Layer Source/
Receiver

! = Below Layer Broadband
Source and Receiver

= Offboard Sensing

| 32 16| DS S48 ALt LTl

FE Z20] v e FERE 4 4 AF ool s
=491 LBVDS(Light weight Broadband Variable Depth
Sonar)Z 7JErsIgioL) EtkE AlEjolal, 9IoHRIESHel 1.CSo
A9 TUS CAPTAS AgXE aQlsl7] Qs AIFdE71E st
UCt =ZEAet olge|or s THEE AFERl 600085
FREMMOJ:= TUS9] 5kHz BMS S54L UMS 4110CLE Th
Zska0l= 1.5kHz Type 492991 CAPTAS 4 ring0] 712 &

e oflgolct,

| 2% 16 | FREMM ASW ALt A
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&aeshs '@Alok] Rl ssal S4e AsIthd thetaest
oA GMIE el 4 Tk

SHEXE 8l off-board sensor@] ALF0], FOIE EA)
rldAaLe a8 AMz ALY AAE F+doto] BXloke
Multi-static Et&] 7]&:0] 7hE] 2 9ok " Network centric
sensor 7|E0lle 4 AY 1EE LU AA, A S8
20| 7kstt AFut S 71, AR H5E54 7]sQl CAS
(Continuous Active Sonar), ZARI} spread spectrum &4
A3t FARSH ETHY Fibe AR SIS Vs, FoIaE 7]
=, R4H A4E Qs S8H A4 Al 7Is, A4 <t HIolE]
&7 71&, AT BRAA tieds soll thet ¢7F 2 Qsith

MULTISTATICS

| 22! 17 | NATO MIMZ EfX| 7HE

ZAFSH AL} S IEALRE S21HM= FEA Q! PZT Tonpliz AA,
SHAI7 | & I 188 YXHEH Single Crystal A&, Flextensional

AA, FFR AlA 501 ALk
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Free F[ot}d Ring
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| Flextensional
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|28 18] M3 1= 4 57

5kHz Ol AFat the] MAIRER SAldAE I719F FA A
SO 5,000 Ole) thy F=¢tholl BAIEICE L3AK= PZT thal
SA1GE0] 281 04191 PMN Single Crystal Bilaminar Flexural
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2 7IE AUEDH FAP 1/10 729 &8 d et aUE N
USIRACE. 001 ATt 55841 AA= FFR AA7F ARSEITEH
FFR Axe LEdA AES 2theto] SAUAA EAFEES |
dloEn XFut &4 =S =QIth FFR AlAe Cavity
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&lo] 7kssith. ATLAS UKE FFR AA 0158 7129 F2
HA 57 MAEIERE Cavity Mode SA188S 0] 3SEH
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1995 2000 2005 2010

'WB ~2 octaves

;
Mercury ‘09 ’ |

i
| Compact Towed Source
Cerberus ‘01
' WB ~3 octa

| |
EKISS 05 ‘ 1
WHETSTONE 09 ‘ i

FARR “11 ’
WBIMS 12113 ‘

ol thetd erdolM= sidtuasd Pt =0 eaEuida
O] W =11 XA Zrek2ol ot S2iEl7L Hota &gt
Wik Bxlal7 17} ol ofeick bldlst EXSE BRI
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83 AsEA AUt e Ak CASE SAMIAGL 4
AAIAZE EE]E bistatic iL}OJW 7hssith & graLtoA
Stletal TS0 oA S4lek= E2loltt Bl it
SQS-531F MFTA SQR-209% CAS 7|H& Faislo] SuHF
Ol TIFFERAIE 5fal ATE Long pulse spread spectrum CAS
2 1ER] 82 (Probability of Intercept)S W& = Q!
10092]= pulsed pingS 10X OJ4 GIEEAE dH S4EY
A71E /1002 E0IA XEY S410] 7HsohH, 0= Qlol 444
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H FF oA & 1669 B3 RO

S AFEES 1T (Phase 1) HM&E lths}, 2644 (Phase
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P2 2005~2013¢ S0t & 11&0]] thsto] gF SAHES 7

Z =7 AosE a8 9 Adsia 9o, dtielE ¢t
T AR 7IRE2 1078 (B F71R1A 7717t AlQD) Wel=2
ME} FQ WEOEE 13~20kn 29| AoE AAX], 19t

~ 15 5,000 2EIQ] =& &Y 52 Eg6to] 8 Z3E dn
SIE Qo AQ%E= & Y Bt HIE2 119~35Y 1lREV 4R
A3, OIF &af gF9] +E 16| (27 dAE) oA 32
oAt =g OF 2l STHAIZAC

YES 2004~20108 Kongoud & 4&0] thst SItha} =71 A
g 4009 M(5,2009 0] AQRSIFEEAFA 7] Al
)El o2 =FEr) Kongoud 48L& SM-3 Block I A0j
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Aol A st 7o) dst St FFoIth 2012E7HA]
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* =X 1 NAVSEA, Scott Hale, Surface Combatant Deputy Program Manager,
Cruiser and Destroyer Modernization Programs, 2011,
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oF sithst AlFE Al o] =71ollA F=RIE AL QLo 01
et Ak Fgske A, =3, Z2AA & 3E Ak
7L EEAZ1AL Qe =7k= 0l=50] tiEAoletal & 4 011}

0] sliet 88 slthsh= 2007E 0]F o]+ FMP(Fleet Modern-
ization Program) A& & JEMM(Joint Fleet Maintenance
Manual) & 7¥1C2 £t 0]% 2007dE HE e Sit)
Slol] st £ 2 7iEAQ1 "Concept of Operations : Manage-
ment and Oversight of the Navy Modernization Processi & &L}
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Process) AAZ 2EAIHECE. NMPOA AE 591 NMP-MOM
(Navy Modernization Process-Management and Operations

40



Manual) £ C}oh} 7(V\o1— OJEHQ} X%Q.;;]xlo 1:]-01 } tv:/\‘]i,
7128 SL720-AA-MAN-010(Fleet Modernization Program
management & Operations Manual), SL720-AA-MAN-030
(Alteration Installation Team Manual), Alteration Technical
Spec. TS-9090-310 & &4Hel RFES S8 2 HSIARI
219] eFd dlthst RIFlolTh

0] st ebd sithst Aol 7ha & a2 it F7IAA B
ord g5 Fxiet FHEE HE9 ofiet dlthsl ZEAIA(NMPE
7HKIAL QICH= A0t} s} L2A|AE ST Z2A|AE et
R ZF TAE AR Z2A|A B 3 ES ofefie &t

* Phase I : Concept Phase(Preliminary Analysis)

* Phase II : Preliminary Design

* Phase I : Detailed Design

* Phase IV : Implementation

* Phase V ! Installation and Testing

SHA Sitfigl 24|49 ZF tAE Fgke 18] 83t ZH0] QA
27 2]93](decision board)E Edlf O]F0IX|H, 7] 71€/THA
oA P8 slthskE Program Alteration & Fleet Alteration©.
2 BEs5t, od gaHZE EAJ(Ship Change Document,
SCD)E 2V B AESC=M AJZHELL

Modernization Plan —=]|
&

SHIPMAIN Alt & Mod Process

172 81 0] 32 3% oIS ZRAIAS QAZY A
* ZX 1 NAVSEA, NAVY MODERNIZATION PROGRAM ENTITLED PROCESS
TRAINING Modules 1-5, 2008,
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oAl E5%E U%/s8 u7)X(Mission Capability Packages,
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7HTA), 3= (AFOM) iﬂ7} H&HA(CBA)S 7|RAOE
S3l5tE] Ot HE U A& FASH 2 F|LISH SiTY,
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A/ Aol e (Procurement) 2 AX|(Installation), E¢t
(Integration) 2 AJ&E7HTest & Evaluation) & A&A
olthst ¥F71 OIFOAIA ECh
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an SCD, 2008,
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3 4z ey sithst a3 APl H M= FE ot 2013 §H7|e-2Y|
A MolLt ZEX=E, 2013,
4. W =52 S g A HEE TIEFXIE X HA Se ST
0N, SHEHHEANE I S5tk 2013,11.30.
5. ASNE(American Society of Naval Englneers) FMI\/IS(F\ee Maintenance
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EH0] getoz JiRE| 0], 4THO] Acff FelEol thel SA &
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| 22! 3| UISS| prototype AJEEITH(2011.10,)
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Heloll 24 26| AR2E0IHA] HIEHQl 7|21 AsiQRE et
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Sonar), SAS, siFAIZE}HSub-bottom Profiling), TAAE!
7FHH2H Electronic Still Camera, ESC) 59| 7|g} AlAe} el
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| 22119 | Alsff E4201N SHARK
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(Transformational Reliable Acoustic Path System)A|AE
AIFE A 7188 BlQACE o] AlglojA] SHARK®} TRAPS %
ARIEES 22dE 20 Zgt dollolM 28 &9 & Fagt
=0l thst Bt F=8g ISt Asolxlel SAME, 7188 &
e 2Lol thet gedE SRdss YSAIREeH g 2oy
Ol SHARKS} sfj&lo] 4 Hix|Es 18E $541191 TRAPS
o] g disAlgo] TlE ofgolct.

0] & AEANRL)E ‘Black Pearl’ & B2 tEel/7]
gis A 550 AT 5 FAAE 7HEetal =t 7
EFH O Bluefin RoboticsAle] ‘Bluefin 21" & AENGIALCY.

‘T =5 FIRIC] 71A|, A718 T2lal «=2|F QIE#H o]
e =20]a1 FOIA BANEH|QF AukAQl QIR E S 5
FOIAIS] AFE Al ‘Bluefin 21’ O] S-ue X] St ekal

=
ge]al At

;

7z mjo

-
ol
—
0o
-
<

;

66



NRL IEIREEE 2 9 Holl 2-A] Bluefin 217 7239} 4}
S FHoT HME £ AE BT SIE 09 AZE0E
A 9 AEstal o KS7HK19] 11 ofE +E5Q0A 7t
e FE tE 7igol Jftoletal e okal AT

]

| 22l 20| Bluefin RoboticsAtel ‘Bluefin 21’

Ol Al ATHARES GPS/INS /DVL SHHAXI7} EAY
H Z40] 21719 H #EFQIA0 Q76hk=s 2 B8

dge 28 + U= %—L‘%TO_ Mﬂ S8
p

g5 SoIth

= A 71E Sk Al 5—%n, HE A=
£ 400m, FRALHRE ARRKS 8kW, SHERIQ} AEEE IXSEA
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ha i the inventory is now: fouth generation compared with one quartar in 2007
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Whie Chinase air power is being medernised at a rapid pace, significant capability gaps stl remain in & number of
areas. The chart above shows a comparalive view of the lransport aircrafl inventories of the US and China.
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M-95 Degman Croatia $4,183,000
Type 98 China $3,412,000 19 | 118 | 110 | 105 | 105 | 101 | 101 | 101 | 101 | 101
Ariete 2 ltaly $6,993,000 21 | 46 | 46 | 55 | 55 | 49 | 49 | 49 | 49 | 49
Al—Khalid Pakistan $3,721,000 | 201 | 200 | 115 | 75 | 75 | 50 | 50 | 50 | 50 | 50
Zulfigar Iran $3556,900 | 49 | 50 | 45 | 45 | 47 | 43 | 43 | 43 | 43 | 43
Merkava Mark 4 Israel $5,065,000 0 53 | 35 | 17 0 0 0 0 0 0
Merkava Mark 5 Israel $9,008,000 19 21 3113/ M 41 4 4 4 4
Karan India $5,565,000 19 27 | 41 | 43 | 45 | BT | 49 | 45 | 45 | 45
T-90 S India $2,619,000 97 | 97 | 97 | 97 | 47 | O 0 0 0 0
T-90 Russia $4,219,000 67 | 19 | 25 | 31 |27 |25 |2 |25 |25 25
T-84 Ukraine $4025000 | 46 | 46 | 46 | 49 | 51 | 51 | 51 | 51 | 51 | 5
PT-91 Poland $4,002,800 0 0O | 3% |34 27|16 106 4 4
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