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Study on Maneuverability of a Ship with Azimuthing Propellers

by  Hironori Yasukawa, Member Noritaka Hirata, Member
Susumu Tanaka, Member Kuniji Kose, Member

Summary

Captive model tests were carried out to capture the hydrodynamic force characteristics of a ship with the
azimuthing propellers (hereafter we call the ship Podded ship) which are arranged in parallel at stern part. The
measured hydrodynamic force characteristics were compared with those of usual ship model with twin propeller and
twin rudder. The Podded ship has better performance with respect to ship control force in case of large azimuthing
angle. However, the course stability becomes worse. Comparing push and tractor types of azimuthing propeller,
tractor type is superior to performance for both ship control force and course stability. Based on the measured
results, a simulation model was developed for hydrodynamic forces related to azimuthing propellers. Using the model,
maneuvering simulations were carried out for the Podded ship and usual ship with twin rudder. As a result, it was
shown that the Podded ship does not keep to IMO criteria of 10/10 zig-zag maneuvers, even though the usual ship is
no problem. It is necessary to pay attention to ensure the course stability in the new development of Podded ships.
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Table 1 Principal particulars of SENSHO

Length overall Log (m) 62.92
Length perpendiculars L;,(m) | 57.00
Breadth B,1q(m) 10.00
Depth D, pq(m) 4.50
Design draft d(m) 3.54
Displacement V(m?) 1506
Block coefficient Cy,,p 0.742
Midship coeflicient Cp, 0.9912
Gross tonnage (GT) 498
Dead weight (ton) 964.4
Service speed V;(kn) 11.9

Fig. 1 Skewed view of SENSHO
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Fig. 2 Side view of a ship model

Table 2 Principal particulars of a ship model

Length perpendculars Lpp(m) | 2.171
Lenght of water line L,,;(m) 2.267
Breadth B,,;4(m) 0.381
Depth D,,14(m) 0.171
Design draft d{m) 0.135
Displacement V(m?) 0.0833
Block coefficient C,,, 0.7419
Midship coefficient C, 0.9912

Table 3 Principal dimensions of a propeller model

diameter(mm) 80.00

pitch ratio 0.800
number of blade 4

expanded area ratio | 0.700

boss ratio 0.300

rake angle(deg) 5.00

sectional shape MAU
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Fig. 3 Comparison of three stern arrangements (left:original, middle:push-type, right:pull-type)
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Fig. 4 Coordinate systems
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Fig. 5 Lateral force and yawing moment acting on ship model in steered condition (8 = 0)
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Fig. 6 Circular Motion Test results: forward force X, lateral force Y and yawing moment N acting on ship

model
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Fig. 7 Thrust open water characteristic (for
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Table 5 Coefficients of thrust open water charac-

teristics
ag ai az
pull-type for POD1 0.306 | -0.348 | -0.115
pull-type for POD2 | 0.317 | -0.341 | -0.112
push-type for POD1 | 0.303 | -0.321 | -0.204
push-type for POD2 | 0.293 | -0.365 | -0.108
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Fig. 9 Comparison of thrust and lateral force
open water characteristics in steered con-
dition

Table 6 Coefficient of lateral force open water

characteristics

by

pull-type for POD1 | 0.337
pull-type for POD2 | 0.344
push-type for POD1 | 0.307
push-type for POD2 | 0.335
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(=i o 0.2 a0 pull 0.05] o
7O00800 %00 2 Oogs LPal oot o oo orees
puli o UUg=1.0 o s é o B} g 5 Lo 0.0H ] oo
Py - jm}
0.t "ESO | ; 0 008§@= | DEJ:’
. ' =07y 40 L = 20 5(deg) 40 '400 O'iﬂz 2 ; FHT 20 5geg) 90 Uj=0.75 OWE.,], . s
AAAAAAgAAAAA Oggﬂ L AA E\D (A)OAAAA AAAAOOGg
Sag T 4 o -0.0H pul oo O UfUy=1
°%00600b000 U/U::Lo “q i DD ‘ EB//’BZU):% Oogo 0=1.0
B m— 20 e 0 o -o.an o 1 O UN=1.0 e e + 2'_0 Sy
Fig. 10 Measured results of T, Ty, ATz and ATy
DO POD I/ % M—2LHE, T, 13k4 2 DO POD HEIMREN Koo SRR Ky X, FRISRDTE a0, a1, a2, b1
IAFHS % F—2VDRDTTH D, RDKSIEKRENS, OIEEANTHEE TX 3, Fig. 1, LLo#SEROTErEL
T T, 4T Tz Ty, T, SIKHEREREREOIHE R, T, & pull ), push
o T“ M T“ BNCHNT, EALOBETHETE TR LMD S, T,
o 6) W U/Uo = 0.5 DXSEMHEEDORERET ST, HARERD
O KEDTHBN, WA TROFELDE 3 (U/Up = 1.0) T
o v &, pull 8, push e iz, FH FORE CHEERETS B0
EGERTTIRICIERE T ARCIERT 2 WE N, T, T,, ATy, - .
AT, ZHlBEOEBH LK > TERTES, R .
= . ~< y =0
Fig. 1012, fitf 6 \IKd3 10, Ty, AT, AT, ORtlERE i B aa\aﬁgiﬂﬁﬁa’n §
RE. ATL, ATIE, TL, T, L CRAVNE <, S RN y U053
ELUTHBMHTEAT N5, ThLIRE, AT, & AT, % -pijsfh(;aL -~ Cal.
EHLT, Tp & T, KOV TOHIOPSEFEETNVEEZS o o
creds I UNJg=0.75 B V=073
° &ﬁ‘ﬁ-ﬂ—ﬂA—A, i DB A\A\A"A\A—T—A—ﬂ‘ﬁ’&’g
(2) MHEIRAEICEI T B EPOBEE 7L & 2N conoonnlannace?  “oesoaleonass?
N . . N ‘ ‘ - Ul0g=1.0 e =10
FATIANF RIS T, METIFBIT % POD HEERD 5 % g b R
Ty & T, EMEET S, BN, (3)(4) BT, B T Ty o
YL )y > push 0.05+ pull 0.05¢ A
R wp ZHEAT 3, O =05 } e O UM=05 1 =
TOLE, POD HEEROHE] T, BIETHEIND, suteers - g0y i 1 habo
——— Cal. T g’gi :6’ ’ ~—— Cal. //g/,é/eﬂ
Sy B #
T, = Y pnpDpKei(Je) () g Ay Bty
= 255 ] .
> - pd H oa " //
7eizL, P [ A/T:/D,/
4 _ u(l—wp)cos(Csd) ® oo o7 %
* npDp Fig. 11 Comparison of T, and 7}, in calculation
%7z, POD HBEROE) T, 13X TR and experiment

2
T, = Y pnbDpKyi(h) (9)  (3) IEEOMAEERRE—X > MBI BAME - POD Hotss
=1 DTS

felz L POD FROERERFORT L IHEEE— A > BT M - POD
J u(1 — wp) sin(Csd) (10) HEEZRO TR ay, an ICDWVWTEX S, (5) WBRDELSIC
C npDp
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FEMZ D,

Y =

N (1)

(1+av)¥r }
(14 an)Nr

72720, POD HEERHCFE UTiRA Ik Z2 B S % Yr, Nr
&, ERI

Yr =
Nr =

—(Tysiné + T, cos b) (12)
—(Txsind + Ty cosd)zr

EET, (11) &Y, Yo, Np IS5 Y, N OEED, 1+ay,
1+ any £RBTETH B, Figl2c, Yy, Ni ZHEc 2
D, MENANCUERT 2IRE Y/, N 2L - TeRERT, Y7,
Ny oxtd 2 Y/, N HFEERERD, SR Mmichhbsd
ay, AN Giiﬁ{}:gﬁétff?ﬂ%}l}:b‘ﬁj \%o ?%E)hfi ay, anN 723:’
Table TVRT, pull BD ay, an ZNEL, T K5
M oBENIhITHTH D, push D ay,an &, pull BDOZ
NS LT, EDVREL Iz TV3B, RIS, POD fhic
BlF 2807 & [BERFE— A > MY Bk - POD #EE8R0F
3, HEDFEETENEEZILNS,

0.0
¥
U=1.226m/s 1+ay=1.168J]
Z
—&— pull i} /

—&— push

0.02r dsay=1.181 2 A
4 X

x
Hp/ 1+ay=1.053

-0.05

-0.02r

~0405L
Fig. 12 Lateral force and yawing moment acting
on ship hull versus Y7 and N4

Table 7 Analysis values of ay and an (U/Us =

1.0)
[ symbol f push-type ] pull-type |
ay 0.168 0.036
an 0.181 0.053
5.3 IEGEEBRESOMRIC K BN
Ric, BHEEEFRACIT IMOMRINEC N T POD #i5ER:
EENS B R DREINCONTEZ 5,

(1) PRACESISOHEN CHEHIDEFETIVEZ DIEE
POD HEESCIRA S S MAEERIC BT 5 EE TR 5 TIC

BOTHORERSY (up, ve) ERDXIICEKENS,
up = (1—-wp)u (13)
vp = —U~ypBp (14)

ZZT, Bp id POD HEERO T ORSNB TOMENGEIN X %
BTEAVEIMAR THY, Be = B —ahr’ 2REIND, =5 133
HERRNIED © PSR L, TRLIZEDTH D, vp (ZAEDH
IR BEEFRRE 10 EPESREFRECH D, POD HiEzrn 71

DMLE T 2009 4 6 H

RSNE TOFREEEN X B RAPARR AN B8 E=R
BRL, @H 1.0 KO E/NESREDEE LD, we 13 POD s
ITIRA T BER DEFRREERT 5, we (JIRHEEFNC X -
TETHTEAHENTED, KDXIIEKT P,

wp = wpo exp|C157] (15)

TTT, wpo FEENOMFEETSHD, Bp OBEELTET,
Ch W FREZETEHTHD, CMT Bk kD2,

ZDEE, POD HEEIRO T ORFEHOFR AEE RS wa
EFORATAIRRT va 13, BAFEINCROE S ICEENS,

Il

uA up cos(Cs6) — vp sin(Csd) (16)

va = wupsin(Csd) + vp cos(Csd) (17)

BE>T, POD HEHERUC X% F—2VDHEN Ty 3R TEE
ns,

2
T, = Y pnpDpKui(Js) (18)
=1
7z7zZL,
UA
Iz npDp (19)

F£7-, POD #BEIRIC K% b—2VORT T, 3 TET,

2

T, = > mbDEKu(Jy) (20)
i=1
7=zl
VA
Jy — (21)

WANTEEETT NV OREFDT%, Fig.13lc, i - FEERED
T, & Ty ORTEREREMEEMER L RS %, IR,
vp OfEIE, pull B, push B &IC 04 & L7, FHEHEE,
push &Y, pull e &I, MEEEREREBE—RL TS, L
L, FHlicRs LERERLNS, HIZIE, Bp OHHEOKE
RETATO Ty, OafEREELHELRIAEVEITHS, Th
% Bp DHEHEOKRE R L TATD wp DHESREEDRANT
IR 2, 7z, FHEICHIID T, OHE, Gp ICHHBI
U TP IBINS 57, JKEEBRICEI S T, 1, Be lTHL
TIERERICE LT B X5 TH D, EarExs, <hid, e
IN—EETIE%RL, Bp LEBICEET BREEARETEED
THB, BEEETIVORBEN HTDWTOE SR ABEAWET
H39,

(2) SRRTRENICKIFT POD HEERORZEIRET 2ER

T BRIV ES LIC, POD HEEROERE 1AW
OB T T EIC OV TE L 5, POD HBERIC LS
BALEBE—A2 bk (Yp, Np) &, (11) IX&D, FLENK
DEHFEEINS,

Yp =
Np

—(1+4+ay)(Tpsiné + Ty cosd) (22)
—(1+an)(T%siné + T, cos §)zr

T, Bk S, BT 8, AR r 3NE (0(e))
LIGES B0 Fie, 40D POD HEERRORMA IR TH

I
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Fig. 13 Comparison of T, and Ty versus Op

BEPET B, EBIT, BHISDWTIE (1/2)pLypdU? T, [H
FHE—A Y MCDWTIE (1/2)pL2,dU? TRUTIERRTHES S
EXENMEE NS,

Yp = Y0+ AY;iB+ AYr + O(e?) (23)
Np = Nis+ ANLB+ AN + O(e?) ‘
7=zl
01C
Yy = —4(1+ay) (% + %ﬁ—u'p + azulzg)
o 0
D2
X T Pd (24)
pp
N; = —4(1+an)zy (—3—2 BTN +J:105 up + azu;g)
0
2
X fi:d (25)
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= 2
AYy 4(1 + ay) Jo Tod (26)
r ’ blfYP DIZD c
NG 41+ ay)ar —o = (27)
’ _ ’ bl"/P D%:»
ANp = 40 +aw)rr— = (28)
r 2biyp D%
AN, 41+ an)xt “To Ld (29)

T8, up =up/U, Jo =U/(npDp) THD, Yy & Ng
DB K B 7R b CICEEIE— A > MRITH D, #E
RMEEERT a0, a1, a2 ERCBIEND S, —77, MOFHBELGEME
ICHERRIET AY, AY), AN, AN D 4Dl3, ao,a1,02
IR TH BT W%, Thid, POD ORISR

TERCRLFESURNC L EEKT %, —H, 4 DOMIREIC
KEITHERNIZTON vp & b1 THBo e (SHEERMAN
BT DR L BB EIE R R L 1Y, ~p OB ZE M
NOZbETEB, by & POD HEERROBREERL, 20
T % C LI &K O HFZENDZ L 2%, RIUHTHD
TH5, AV IV EHRTA POD MOSHE e, 51
&, &K POD D by DVhEWzdhb#EZ HENBD, by ZRELT
3IclE, POD FO=A7T ¢ YO A X I DKELTHTER,
AL T "EIED & S BIRRCER T 5 LENEIEEZ SN
%, Fie, DTOWRT Jo K, dhbb 7 aXSE
BT, TaXSREEN NG 5 &, skEkbht
THZ M B,

6. 73 1 L—¥ 3 VAREICK ZIEER DL

HEARD POD HEESVRRA T NS ER 3 2RI DBCEET IV
ERWT, pull B25WIC push #10) POD HEERSAHZ F-281
DIFHEEENS X o L— 3 VEIEREGL, AU P [
OFERE Uz, 2 2 l—3 3 VEHETIE, surge, sway,
yvaw O 3 BHEICHU 2 EH5 R s BEc i, HEEE)
ZRDIz, 3k, AUV R OfREEEE I 21— 3
VEPEEERY, AUHEIEEER L B0 —BERE T L BT CICHERL
W3 Y,

Fig. 1AITfEA (EHRD f4)35deg (<31 BRMOE MBI
frfoLtiERe, ¥R al— g VEMETR, EADEE
NI F—L%5DT, GHRIOERIZTZRL TS, Z0
& EOEEER (Ap) LHEEHE (Dr) OLUEPE Table 81RT,
POD fit (push ) D Ap &8 11%, Dr T 25%, AV
FIVEDERELIRD, POD fildfEaifsRicEBN T eH
T, T, FVIFIVED LEsEZENN BB T kidini
T, EuhEinL/zc &lick s, %7z, push BOREREPEET
pull BDZENED &b IMNUNE x5

200y

| §(deg)=35deg

€
X

100}/

—— POD(pull)
—— POD(push)
------ Original(SENSHO)

100 Y(m) 200

Fal
1>

Fig. 14 Turning trajectory simulations (6§ =
35deg)

Fig.151C 10/10 72 5T 20/20 zig-zag EENCIST 2 EHIRD
A LRI ERROLEE, Table SICfTEBEA (OSA) O
R, POD MROITEBERE, AVUIHL TR XD
ERELIRD, SHETLE(LLIzT EhvVaihnd, Tk, oo
WH, feaREd Lz kickd, HNeEgmroMMBE1AvNE
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Table 8 Comparison of turning indices and overshoot angles of zig-zag maneuvers

l ‘ original ] push-type I pull-type l IMOQO-rule I

Ap/Lpp for 35deg turning 3.09 2.72 2.73 4.5
Dy /Lpy for 35deg turning 2,77 2.05 2.07 5.0
1st OSA for 10/10zig-zag 7.2deg 12.6deg 12.5deg 10deg
2nd OSA for 10/10zig-zag | 12.5deg 26.7deg 26.1deg 25deg
1st OSA for 20/20zig-zag 17.3deg 25.1deg 24.8deg 25deg

10/10 zig-zag

—— POD(push) -
—— POD{pull) 7
2 o Original(SENSHO)

20/20 zig-zag

—— POD(push)
—— POD(pull)
...... original(SENSHO)/

Fig. 15 10/10 and 20/20 zig-zag maneuver simu-
lations

{ Bkl THB. RS, POD HAD 10/10 zig-zag HEEHIODH
2 TEREAD, AV IFIN KO EEERICKE, —F, 20/20
zig-zag BHIOFIEMRERS &, AV IFHUhe POD oz
FAHVNE {5 TWVB, THud, POD fhosHgzeintuy
FILEDEEZICEHEDET, BihoEm e TBELT
e EZ NS, Tz, pull HOTEBEEMIE, push BDZ
NEDEDLITHENDNE LIz o7, LULEOFER-GIE, B
HHOFPRERD S TR N2 D LU T\ B,

Table 81C{& IMO #EEMELEE (IMO-rule) Z7RL T 5,
POD fipofeitged s B\ Eh0h 5. —7, 10/10
zig-zag HHECDWTIE, push B, pull B2, IMO DEHE
EABIETIIH DDA TS, T THHRE Uz POD NS,
push B pull B &I, SHELEMROUENRETHDHT LM
B '

7% S

AR TlE, BHFOBSHEERD SREZH DAL, BEiRDEY
POD HE#3E 00 A 7-HME (push Y, pull BY) IO TOEMEN:
AT R BRI K DHUE U, S, T ORRAREREZ S
&IZ POD H#EERRICBID B1A 1R ORI EE TV R ER L T,
BRHEES) S 2 L— 3 VETEREMRL, HiRDE POD #El
B2 A TR RE ORI EHR L 72, BONIEAIRZ E
LB ERDFED TH S,

(1) BHIRLI POD HEERTEORb I LIRS, Kieak
DI IHEREL POD #f (push, pull &) O77hMEN T
W5, —/3, ft%L POD fft (push, pull ) i, 4V
DFIURELNS &, BTN 5, push BY

& pull 2SS 2 L, pull BOGHE BN, it
IR Uz T LI X B8R ER L OREL NEWY,

(2) HEMBESNS I 2 L— g VEMRIc kB e, fHEL POD
(push, pull &) I3fEA 35deg ITIBUF DHEERIEREN A
&M T B, FONM, zigzag EEIOITEAE AN
mu, RS, BIROLAD/INER 10/10 zigzag IZEBNT
FOMERNEEE L 55, push B & pull BIZ T2 &,
pull OO THEN OIS EHBNS, 2T
Sk Uiz POD B, 10/10 zig-zag SBENCET S IMO
PRI - X IR R E e o T2,

ZDOXBIT, ML POD fil (push, pull ) i, #Ehr=fhEnl
MRER R, SHSEMHCE NS EAHEh Lo
7oo BT, WEIEL POD FROBIFSICH Tz - TlE, SHELEM:
D LIS EET 2080 H D, ZOBiddlE, POD Fo=
BT 4 DOV AREEORELTHIER, ARTy MefieDk
STBIRCEH T ST LSRN L EZ SN 5,

AIETIE, BHFOBSHBEMD DREZE DL, BEERID
POD #EESRZ RO R POD HEERRCEH LI L OFEDT T
WEEIT > 12, ZO728, POD #ERI 2 2 — A7 I Hk
HRI B S %o POD HEERSE S-ORROBREMBRI ME
FY U B—Ar FOFECTDNTIL, TORBOERPSY, 5
BHEIEITS FETH D, The, Ach el POD Mo
PEREERN S = o L— g VEIEICDWTIE, ERER (SR
& U G EHfTEREEER) & O X AMEEL Th TV i
VY, EFYEREONGL R SN Z O EN SR OFETH 5,

AL TR AEREHSRIE L, [REERUHEERmEEED
FARNG, BREEEREWTEIEW L, DXOBILHL EFS,
A TR, TTARER], ENREEEREIC K BIA
ERFAERTRO—ERE LTSN DTH 5D, AWZHIL
ERREARIE T (BT (B)17360419) 7 5 TISEIHH
WIZHEERRS (REDARS) Kosaem2idlzc v AL, MR
BOICHEEET,
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