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On the Linear Hydrodynamic Forces and the Maneuverability of an Unmanned Untethered Submersible
with Streamlined Body (2nd Report: Lateral Motions)

by Forng-Chen Chiu, Member

Jenhwa Guo

Ching-Chen Huang Jr-Ping Wang

Summary

A series of captive model tests was carried out to unmanned untethered submersible AUV-HM1
testbed, which has a body of a streamlined section, developed at National Taiwan University.
Furthermore, for estimating its lateral stability derivatives the same method, which is based on the
empirical formula proposed by Bottaccini and used in previous paper, is applied. As a result, both of
the two sets of stability indices evaluated with estimated values of stability derivatives as well as those
obtained by measurement, show that AUV-HMI testbed is unstable on lateral mode. This result agrees
well with the tendency shown by the vehicle responses for step heading commands in the pool test

performed with the AUV-HM1 testbed.
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Table 1 Principal particulars of AUV-HMI testbed
Length (body/overall) 2.0/20 m
Breadth (body/including elevators) [1.0/1.6 m
Height 0.6/0.6 m
Project area of body S, 1.791 m?
Wetted surface area of body S, 4.38 m
Displaced volume of body V 0.677 _m’
Centroid of body 0909 m from nose
Project area of elevators S, 0243 '
Project area of horizontal fins  Sy= [0.091  m’
Project area of vertical fins  Sy=  [0.148  m?
Fig.3 Model under setting
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Fig.2 Profile of vertical fins
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Fig.5(a) Coordinate system for free vehicle

Fig.5(b)

Coordinate system for captive model
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AT 5 720 FMOMFERIFER Z KM, ROKMETITFo 12
(1) SRR 1.414, 2.000, 2.828 (m/sec)
(2) SRBIBIFEAEEE 0.3, 0.4, 0.5 (Hz)
pure heave DEI& : 20, 40, 60 (mm)
pure pitch O#RIE 2.0, 4.0, 6.0 (deg.)
combine pitch D#RIE 2 2.0, 4.0, 6.0 (deg.)
(3) MTHEROMMA | —6.0~+14.0 (deg.)
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Fig.6 Effects of attack angle on nondimensionalized

z-force
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Fig. 7 Effects of attack angle on nondimensionalized
pitching moment
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Table 2 Results of oblique towing tests

U(m/sec) Z, M,
1.414 -0.0998 0.0162
2.000 -0.0981 0.0242
2.828 -0.0902 0.0288

Average -0.096 0.023
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Fig.8 PMM test results of m +wm
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Fig.11 PMM test results of M.
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Fig.12 PMM test results of Iy, + /5y
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Fig. 14 PMM test results of M,
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Table 3 Added inertia terms obtained by PMM tests

1

7 ’ 14
; m X J,,

0.023 0.077 -0.107 0.0044

m

Table 4 Damping terms obtained by PMM tests

Z) M, Z, M,
-0.0874 0.0194 -0.0424 -0.0260
Reg. (kg-sec)
10 —}
: Combine Pitch
5 (Moot mex,)- LU *
T @ 0.3Hz
0 —
: U=2.000 m/sec
-5 _~. 0.4Hz
: o O05Hz Exp.(kgesce’)
‘10 T T T T I T T T T ] T T T T ! T T T T ‘i
-10 -5 0 5 10

Fig. 15 Confirmation of stability derivatives with com-

bine pitch test results (mxc+ maz.)— ZZzU
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DEEHIC DL TIEAMADEEN S b DRV 2 AEL
DY, FIRTENS 2FHEILTz, ZORRIT m'=0.188, I
v =0.0088, xc=—0.066 Tdh 3,

PlEERLFRCE > TE D SN ERTEEMER
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Fig. 16 Confirmation of stability derivatives with com-
MU

a)Z

bine pitch test results (fyy+ Jyy)+

ZwU

a)Z

AR X > THE > N (mxet+maz:)—

KU (Lyy

+ 1)+l opmer Exp. cmy) epmE L, B

FLIC & & 8 5 NI EERTTREMMIRE v OIS
ELIRER (Reg. LTT) 2@ LT 7oy M hid,
U=2.0m/sec DFBEHICD &, ZhFh Fig.15 & Fig. 16
ERBHRRDS, IFIZ S EENTCHD I Eick > T,
LY LN BRUTESEMBRO—BE 2R L
Wwzk3, .

5. REMMBRBOMEE

FIRIZIE, F FHIERY 342K L 72 Battaccini® ORER
KEDIOIHEER AT, #HREEOREEMEE %
ETBIELELT, BB, HEELEOEHIZAE © Appen-
dix 2E8EE iz,

HABROTED» S, UTOREIESN S, Bb, £
£ L=2.0m, BAXEMEOEHE A=0.471 m? finess ratio
f=2.58, ERARE Cr=0.721, REDHESLIFEOREIE
A w=124rad, ZRTEDHIMERN C=5.901 rad™*
(NACA 0012, DATCOM® ick ), fAkb ST hs EE
DANY b=06m, AEOHE TERET 2 BROBZERE
S=0243m? WFEOTETERETZ2EEDT A< M
AR=0b%/S=1481, 25%FREICRIET 245858 A1=153
deg., BR L REORZE 5 S FULHMTE £ TORAERE R,
=0.207m & FEIIEHE R1=0.103m, IRERTEL D Ro o3
BT 2HEE COEMr=1.62m, {TMNEEFHEE K=
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0.507, Ki=0.131 (K; & K, 1 “best fit ellipsoid” %9 |z
£ DHER), RO OIREHTGEL D %5 OIERE 2.=0909
m, 25%65% R R OB A & D %5 OBE#E 2r1=0.919 m,
IS DEUIE % FTERY O Appendix DERIZRATHIL,
ITTRE MR B BT 2 HeZH SR 5 1 o

TDW, Zupoay=—0.160, Zypmm= —0.104, 2L T Zp=
Zwpody + Zwoin=—0.264 & DEEELESIZ, ChoD
BAERHTRERC & > TS k- 3HAIE Z,= —0.096 &
By, TR (A-2) Rz Zwwoay %3072 D AT 3
BILDbh D, Hib, HEKREEEAENE ST 3
IR AR ORG OB ER £ HE T 5 1, HTERD (A—2)
ST & 51 & ORBIH 2 <, 1F IZE— DM 2 HEE
L7zo TH S OHEEE L FHREER & s+ hig, #EHRED
HRETOENHZ S DD, ZDHFEIZSIEEKRE L 0y,
—7, BIOHBIICNE » e Bbh A ARSI,
DEDBREFMERE %2, 22T, BRICBNT,
BEHERE L T TS AL T BH(IC, EFRR
HEIRRD AT H B, BEL BN CHREOH 1R b
NEL, BWRTEBDLEELT, BRLEDZ - Lz Lz,
5, Zuboay =0 T, BEHOERTEEHMGEE %
HEEUIAER LTI L &% T, Table 5(a) WZART, #E

Table 5(a) Comparison of nondimensionalized sta-
bility derivatives between measured and
estimated values (Damping terms)

measured estimated

Z, -0.0874 -0.104
-0.0960 (O.T.)

M, 0.0194 0.0162
0.0230(0.T.)

Zq -0.0424 -0.0478

M, -0.0260 -0.022

¢ |Origine is located at 0.778m from nose

Table 5(b) Comparison of nondimensionalized sta-
bility derivatives between measured and
estimated values (Added inertia terms)

Eﬁuﬁ%ﬁtwﬁmu%?m%wﬁébmm,éﬂmm
ﬁﬂﬁmﬁﬁhfméitﬁﬁénéoCﬂb%é%ﬁi
LORELBMF w2 L5, 28, BF >y v LEE
m§d<"Mmmammm”&mm;vfﬂ§LEHME
%ﬁm%f%ﬁkﬁi%ﬁﬁ%&uﬁﬂ@a%bﬁt
Twmsw)m%énfwauﬂatM;mﬁfaﬁﬁ%%
k%m:t%%wﬁ,ﬁﬁﬁﬂﬁmﬁw%%ﬁﬁﬁgn%
LV LS. S8, AELZIOBHEE— > M izttt 3
HWEIZOWTR SR T 2 RMBB IR T LS,

6. REMLIEEMOERE

SR M DB & Al TR 15 > 5
EUERL L B — 2 > | % & 3 EOME IR HASEOKR D

CEOND ERRS TV, 220, EEOERSHE 255
THANG, & TEEMMRBIN T 5 BEEH LTS L
FThz, KR, iMemRC, BEBHERR B
B EERRIR A3 (RARATR & 0 55 0.778 m) &, AUV-HM1
7R My FOEB R AT 2 BIERA (REETGED %
771.000 m) i2BB T 3 Z & iz, Table 5 WCRLU T2 RE
PRI L, BB 3 HE T 1, 0%
£, Fig. 5(b) IR U e A EE E R TEST 2 1%
EBZEMEMALINEL T, Table 6174, LT, b
}BEEE AR R & F L, CNOBEESAbEBL - EH
MK E b LIz, AUV-HM1 7 X hxy N OBAEDE
B oOwWTEEY 3,
T, (2)RBHETX¥, yaw HlFpe— FTUTFD &

JRESABTILNTES, HIb,

NLF T+ T)F +7r=KAT +K T;4T (4)
=72 L,

T T:=

(' + 1) Loz + J2o) — (0 25+ mi, iz, )2
(N~ (m'zet myx,)) Yo+ Nof — Yi+(m' +mz)]

Table 6 Nondimensionalized stability derivatives
obtained by coordinate transformation

measured estimated
m, 0.023 0.022
m, 0.077 0.086
X, -0.107 -0.095
Iy 0.0044 0.0033
¢ _|Origine is located at 0.778m from nose|

Fig.5(b) | transf. from |transf. from Fig.5(a)
Coord. Sys.| measured | estimated |Coord. Sys.
J 0.023 0.022 m,
m, 0.077 0.086 m,
x; 0.004 0.016 X,
y 0.00352 0.0025 /2
Z, -0.0960(0.T.)| -0.104 Y,
M, 0.0337(0.T.)| 0.0277 -N,
<, -0.0317 -0.0363 -y
M; -0.0250 -0.0187 - N/
 Origine is located at 1.000m from nose
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Table 7 Comparison of nondimensionalized stability
indices between those analyzed from mea-
sured and estimated values

Lateral Analyzed from
stability measured estimated
indices
Iy 0.413 0.457
I -2.987 -3.357
Iy -2.552 -2.442
T’ -0.021 -0.458
¢, 0.159 0.131
¢, 0.351 0.266
G -1.21 -1.03
K’ -3.27 -4.79
¢ Origine is located at 1.000m from nose
m'=0168, x/, =0, I’ =00113

T+ Ti=
— (W +m)(Ne—(m e+ myxi)) =L+ Jo) Y,
(Ne~(m zo+myr,)) ¥,
= (W xot mux) = Yot (m + mip)) + Nk w2+ mi ;)
+ N~ Yo+ (' + mi)]

_L. Y, ,
K= — 2 —
(Ne—(m 6+ myx )] Vot Nol— Yot (m + my))
T=T

SCE, T, T: () RoBEAFEROBRTH D, BER
EROTEMTH 2, —H, K @51 v efsh, fEEkk
EROTIERTH 5, K=K-050L2U, K iZ8fE 3210
o TETIERERARE L EHRSNG, B, EHE
E—RRTEBST 285G, T=T+T-T 2EHT2 2
EBERTH 2, £72, K% b > CHREROEE £
bELS GBEILABSNRE, BV,

1 —L"J_
G= A (5)
_— - Nr—(m'ze+ miyxy)
S S e ey
N

by

v

CHRTHNE, TRETHY, 1 LV ASFhIE, s
ThH3, 2OMH3ETHIIE, BIREER S,

AUV-HMI 7 R bRy K OERIC B 1T 2 R ias
BT 2R % Table 71274, T' & G OADHEIZ L h
&, BAADEBHBTIEETHS Z Lsbrd, FRE,

40 T T T T T T T

+ : h

B BOPNG - - e em b b ]
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Fig. 17 Experimental response of AUV-HM]I testbed
to step heading command (source : ref.7)

K OEDELTREN—THbH5 I L2 E®RT 3, 15,
TEMEBRBROMEMICETVT, BHFROESEE S &
CIBEBETEEWZ LS, 58, AUV-HML ¥ X bRy K
DFFFENCET 27—V F R ML > TRBLI-EE 2
DTN QEENIEORBBEL X N L V3 AL
T, Fig. 1T &R d, AAMRT 5700, LA THNZELH
BlLazondkzszul L 3BEHORLEEYE->Tw
LZtEbnd, '

7. %

TRIZBWT, UTOBERSE LD SN,

(1) #REAREERC LD, RESHCEERSS <,
FEETCRUHZHVEERERELLB ISR THEWL
AUV-HM1 7 X bRy FOEEBRTEETHL L %
BES 2 Lz,

(2) REOBHEM2ERTE 3 LIRELLE, §iH
DHR LI HEERIC & - THEE L - BEEMGRSICE T L
T, AUV-HM1 7 X bRy FOBEHRIOESIEMHS X <
TETE2 L 2R L. —F, SEEMNUENEOR
WIS BHEE— A VIRTBHEICOWT, 251
RETT 2035 2,

Moz, KRERMET 3 2H7 D, FMOETL LM
BHMOME IS K 2B 2ESE, ZZCBLCHELRD
To B8, XFRO—FIPERETEEERRYRES
NSC 86-2815-C-002-139-E DIEBHD b L iz s - 2 &
2T 2,

2 & X M

D B BR OB RE R OBE T OB ERE:
TR SR N SRRV 2 18 < AT ST B UM PRt
REICBIT 20F%, HAEM¥ESHAIEIINS
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