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Abstract This paper describes the stabilization of underwater TAS winch system Deploy/Recover
operation performance. TAS winch installed on the stern of submarine performs to deploy/recover
sensor, towing cable and rope tail which is deployed from the stern and separated from submarine itself.
Also TAS winch provides transmission path of power to the sensor and data transmitting/receiving path
which data are acquired from underwater environment like sound, depth and temperature. At the step
of TAS winch evaluation test, sporadic standstill and rotating speed oscillation phenomenon were
occurred. Winch motor provides the available torque to deploy/recover TAS and root cause analysis to
the winch motor was done to find exact reason to sporadic malfunction. When winch motor was
disassembled, eccentricity of rotor, slip-ring and the other composition part for winch motor were
found. These might cause magnetic field distortion. To make TAS winch system more stable and block
magnetic field distortion, this paper suggests methods to enhance fixing status installed in winch motor.
For reliable data acquisition for TAS winch operation, the deploy/recover function of the improved type
of TAS winch was verified in LBTS making similar condition with sea status. At the end of stage,
improved type of TAS winch was tested on some functions not only deploy/recover function, but
sustainability of TAS operation on specific velocity, steering angle of submarine in the sea trial
Improved type of TAS winch was verified in accordance with design requirement. Also, validity of
suggested methods were verified by the sea trial.

Keywords : TAS winch, Winch Motor, PMSM, Rotor, Slip-ring, Eccentricity, Back-EMF, LBTS

*Corresponding Author : Ho-Seong Chang(Defense Agency for Technology and Quality)
Tel: +82-10-2937-6864 email: hschang@dtaq.re.kr

Received April 10, 2019 Revised May 27, 2019

Accepted June 7, 2019 Published June 30, 2019

472



58 TASHA AAN/3s s s ito] a3t

=2

—

1. M

A F A ALHTAS: Towed Array Sonar, ©J3}
TAS= oA A7i=o] ARIE= AMARE o] o
Aot g3 o] Asto] AFm A HAo| 7hsoi,
584 FEEGEH, &2) 579 9 LF, MF, HF H9 &
FHEE Alsto] A E] 9 ASto =N g Tl
o tigt 51 "Rt 7MsES st gAdHolth TAS
HA = TAS & Al AlA, dQ1AClE 9 H2jRxLo]
/34 715 oL, TASO thigt A
ARAAR 43 dole As= A%t A2E
Z, 3ol 8E = TASY A8 H5&
AH6l] YoliAde Tt TASS &2 wiAlolH, A7) €
Z1AH o & TAS I3}t 2541 Aol = TASYA
9] #8445 A=A gE7t Holgal & 4= Q.

J1Euh, TASIA] ATEB7F B0l A HdH o8 TAS
AN & HEIY 4 IW&E sieddol AEE e,
ol Fg=flo] 51t &A4d50] 48 TASE E/stn
UZol= E6tar, A Al SO E TASE #171/3]
8 4= glo] 28 A adFoz 8T 4 gl
oulgitt. A i8S sl 9718 (Back-EMF) Al
C AX R B3 HFZHCommutation Angle) Al
AE st on, EAH A Ykleg AX
A%, £99 9 &Y A SolRer <l
Holoith AEE 1S AAsH ] S8l
AAEE W AR 9D FgEY 88 F e A
gstglon, ARME ®WRRE: SAAIFEAA(LBTS Land
Based Test System, °]3} LBTS)E &3l AL,
FHo= i AEH7IE Bl TASHEA AA/35 4
I3 SE AL RISkl

A=

s
=

L

[e)

2. TASHEX e % 4

2.1 FHIHR

TASHA = AlA, ddAlolE 9 Bz x| 7, 3]
&, A9, A 9 A7)5S S £ AN/ B
Al BE AT, g SRAFAAR dEstal AIRA
7Ie ® o Al A 75 A Fig. 12 A
o] TASHA|E ol§sto] TAS AN & 4% SFASE
A5k 28 HAEo|h

473

Fig. 1. Operational concept of TAS system
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Fig. 3. Interface of TAS winch for inner & outer parts
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Table 1. Function of TAS winch for outboard

equipment
Part name Function
Rotating winch drum
Winch motor | providing interface path to combat
system by slip-ring
Winch
drum | Winch drum [Storing TAS
ass'y Winch Brake [Stopping winch drum
Compensating pressure
Compensator
Blocking water flow to winch motor
1
Si Zsyer Spooler Layering TAS during deploy/recover
Sea water Assisting initial deployi
Deployer pump ssisting initial deploying power
ass'y
Deployer |Providing initial deploying force
Cuttver Cutter Cutting TAS cable on emergency
ass'y
Guide Guide tube |Providing deploying path
tube Interference |Preventing interference with
assy avoidance |propeller & TAS cable

3. fOIEA o szt
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Table 2. Causes of TAS winch malfunction

Cause Part

Inboard control cabinet

Software error |Combat system

Display & control unit

Inboard control cabinet
with winch drum ass'y

Inboard control cabinet
with spooler ass'y

Inboard control cabinet

Interface error| . )
with deployer ass'y

Inboard control cabinet
with cutter ass'y

Inboard control cabinet
with hydraulic pressure cabinet
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Cause Part

Inboard control cabinet
with display & control unit

Interface error
Inboard control cabinet

with switch box

Quter part
physical error

Guide tube

Get tangled TAS

Foreign object fixed

Permanent magnetic

Winch motor rotator back-EMF hunting

Stator misalignment

Alignment
error

Winch motor |Slip ring misalignment

Resolver misalignment
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Fig. 4. Disassemble of stern casing of submarine
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Winch Motor

Fig. 5. The position and structure of winch motor
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Fig. 6. Measuring back-EMF for winch motor
(a)Manufacture test ())RCA(Root Cause Analysis) test
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Fig. 7. Winch motor rotor/stator alignment check
circuit
(a)Test part composition (b)Test circuit diagram
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Table 3. Result of RCA(Root Cause Analysis)

Cause Part Result
Inboard control cabinet OK
Software error |Combat system OK
Display & control unit OK
Inboard control cabinet
X R \ OK
with winch drum ass'y
Interface error In'board control ycabmet OK
with spooler ass'y
Inboard control cabinet
A \ OK
with deployer ass'y




A7 &5tE] =74 #2048 A6Z, 2019

Cause Part Result
Inboard control cabinet
. . OK
with cutter ass'y
Inboard control cabinet
. . . OK
with hydraulic pressure cabinet
Interface error
Inboard control cabinet OK
with display & control unit
Inboard trol cabinet
nboard control cabine OK

with switch box

Get tangled TAS OK

Guide tube
Foreign object fixed OK
Outer part
physical error Permanent magnetic
Winch motor |rotator back-EMF OK
hunting
Stator misalignment | NOT OK
. Slip ring
Alignment Winch motor |misalignment NOT OK
error
Resolver NOT OK

misalignment
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Table 4. Measuring C/A on deploy/recover function

test
Test C/A Criteria Result
Trial #1 | -2.00A° NOT OK
Trial #2 | 0.05A° OK
Before | Trial #3 | -1.78A° NOT OK
Trial #4 | -2.43A° NOT OK
Trial #5 | -2.90A° NOT OK
Trial #1 | 0.65A° -A° ~ A° OK
Trial #2 | 0.55A° OK
After Trial #3 | 0.20A° OK
Trial #4 | 0.45A° OK
Trial #5 | 0.40A° OK
Trial #6 | 0.05A° OK
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Fig. 15. LBTS test environment for verifying winch
motor speed control & deploy/recover function
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Fig. 16. Result of winch motor deploy/recover
function test
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Table 5. Sea trial evaluation result of TAS winc

Item Requirement Result
AC power control On/Off OK

Monitoring TAS winch by CCTV OK

Interface
with Adjusting brightness of CCTV OK
combat Commanding deploy/recover of TAS OK
system

Setting deploy/recover length OK

Recording on TAS winch operation OK

Okts OK

TAS stave O+4kts Checking TAS OK

stave status

O+8kts OK

Maneuver O+4kts Checking OK
ability Sustainability O+11kts data received| OK
O+16kts by TAS ™ok

Pilot Steering -20°~20° OK

(Rudder) | Horizontal | -10°~10° | OK

Winding Deploy 5 times OK

status Recover 5 times OK

Deploy/ Time Deploy < OOmin OK
Recover Recover < OOmin OK
Change Deploy Orpm~5rpm | OK

motor speed Recover Orpm~5rpm OK
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