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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance with
editorial ruyles of the ISO/IEC Directives, Part 2. www.iso.org/directives
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Ships and marine technology — Manoeuvring of ships —

Part 6:
Model test specials

1

Thi
det
aci
alsa
inte

2

Thd
ind
refd

ISO
and

3
For

31
pla

Scope

5 part of ISO 13643 defines symbols and terms and provides guidelines for the conduct
brmine the hydrodynamic forces and moments due to prescribed motions under-a plar

defines symbols and terms and provides guidelines for the conduct of tests'in a wind {
nded to be read in conjunction with ISO 13643-1.

Normative references

following documents, in whole or in part, are normativel§zreferenced in this docume

rences, the latest edition of the referenced document (including any amendments) applig

13643-1, Ships and marine technology — Manoeuvring of ships — Part 1: General concepts
test conditions

Terms and definitions

the purposes of this document, the fellowing terms and definitions apply.

har motion test

manoeuvring test to determinethe hydrodynamic forces and moments as functions of late

and|

3.2
cirg

acceleration as well as gf anigular velocity and acceleration about the z-axis or the y-axis, r

ular motion test

manoeuvring test to determine the hydrodynamic forces and moments as a function of t

veld
ast

3.3
obl

city for surface ships primarily about the z-axis, for submarines primarily about the z-4
he y-axis

of tests to
ar-motion,

rcular-motion, or an oblique towing or flow system for models of surface ship$ and submarines. It

unnel. It is

nt and are

spensable for its application. For dated references, onlj. the edition cited applies. F¢r undated

S.

quantities

fal velocity
bspectively

he angular
xis as well

que'towing or flow test
£+ Aaifr oo ]

ma

h o S i o £ & dataoaio £k foro 233 ra-arante—o N STERSY S-DoE
TOCTOVT TS OS5t tO— Ot TtCT e errCTOT COS—antr TIIOTIICIICS —aS— o TulrC oot O thC—UTIT T atrgic

and of the

manoeuvring device angle and, in the case of submarines, the angle of attack and hydroplane deflections,

ina

3.4

towing tank, a circulating water tunnel, or a wind tunnel

wind tunnel test
test to determine the aerodynamic forces and moments acting upon the above-water portion of the ship
as a function of the relative wind

Note 1 to entry: A wind tunnel may also be used for the underwater hull.
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3.5

manoeuvring device
rudder, azimuthing thruster, hydroplane, cycloidal propeller, or equivalent system used to

ma

noeuvre a vessel

4 Test-related physical quantities

Test-related physical quantities are according to Table 1. General quantities and concepts are according

to ISO 13643-1.
Table 1 — Test-related physical quantities
Concept
Symbol CC-code SI-unit
Term Definition or explanation
ALy ALV m?2 Lateral area above waterline (See ISO 13643-1.)
Transverse projected area of ship Projected cross section,area above DWL, gpn-
Axy AXV m?2 . . B .
above waterline erally without riggihg, railings, etc.
AP AP — After perpendicular (See 1SO 13643-1)
a0 AOPMM m Displacement amplitude of the model .
movement
C CWI N Cross force Forcé perpendicular to relative wind direcftion
Cc cC 1 Cross force coefficient 2C/(ea VVZVRA Ay)
Cp CD 1 Drag coefficient 2D/(oa Vidpa ALy )
Cpax CDAX 1 Drag coefficient 2D/(ea VVZVRA Ayy ), relative to cross sectign
Cx CK 1 Roll-moment coefficient 2K /(oA V\%/RA ApyLop)
Cn CN 1 Coefficient of moment about z-axis 2N/(ea V\%/RAALV Lo )
Cx CX 1 Longitudinal-force coefficient 2X/ (oA VVZVRA Ay)
Cxax CXAX 1 Longitudinal-force coefficient 2X/(oa VVZVRA Ayy ), relative to cross sectiqn
Cy CYy gt Lateral-force coefficient 2Y/(ea VVZVRA Ay)
D DWI N Drag Force in direction in which relative wind bjows
DWL DWL — Design waterline (See1SO 13643-1.)
FP FP — Fore perpendicular (See ISO 13643-1.)
Fr ETWI N Resultant force \/CZ +D% and \/XZ Y2, respectively
Fn FN 1 Froude number (See ISO 13643-1.)
Fno FNO 1 (Reference) Froude number Vo /8L
GM GM m Metacentric height (See 1SO 13643-1)
Mean height of lateral area above
Him HLM m design waterline Awv/Loa
I IXX kg m? )Izlf;))r(rilsent of inertia of the model about (See IS0 13643-1)
Ly vy kg m2 Moment of inertia of the model about (See 1SO 13643-1)
y-axis

b

For angles, the unit ° (degree) may be used.

The unit kn, common in navigation, may be used.

© ISO 2013 - All rights reserved
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Table 1 (continued)
Concept
Symbol CC-code SI-unit
Term Definition or explanation
Izx 1ZX kg m2 Product of inertia of the model (See1SO 13643-1.)
Iy 177 kg m? Morr_lent of inertia of the model about (See SO 13643-1)
z-axis
Moment about x-axis
K MX Nm Roll moment
Relative to ship-fixed axis system
oK
Kgpstat DKDPST N m rad-1a — 8¢ ‘V:O '\03
from static test or calcul@qn
( -
Especially for subm%ﬂf‘lf
37 Y
P3Y2 Ix
2
whereK&,(bMp.q,r. v, wp, q|7, ¢, 0)
K’ MXS 1 Non-dimensional roll moment N
Fo%®ce ships only:
’% B2
(< G277
where K (Vo, Au,v,w, p,q,1, v , W, b, ¢, 7, b, 0)
RS) i
h f \\sY tron| 2 7
’ In-phase part of non-di ionalroll | 4 ' ;
K. MXINS 1 n-phase d;’\‘@ - I K'(¢)sinotdt
¢
<2
Quad \} d 2 t+nT
' uadrature of non-dimensiona '
— K
Kout MXOUTS 1 ol morn&@& e I (t)coswtdt
¢
xS
K' _
b DKDPS 1 \C\){‘ s,
N =Ro
O
R A
. oK'
K} DKDPTS @ — e
Plg=g;
0
)
A 4
: oK'
K DKDP3T\G) 1 - |
2N i
O\
N/ )
K, DRS 1 Slope through fK oK
ope throu ’ ! ,
r ) p gh zero of K’versus r or o
N 0
v
p DKDRTS 1 — v
O kg
' oK'
K, DKDVS 1 Slope through zero of K’ versus v’ o
K'=K},
, oK'
K, DKDVTS 1 — ol
K'=K},
4 Non-dimensional coefficient used in
qu MXPQS 1 representing K’ as a function of p’q’ -

For angles, the unit ° (degree) may be used.

The unit kn, common in navigation, may be used.
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Table 1 (continued)

. Concept
Symbol CC-code SI-unit
Term Definition or explanation
1 Non-dimensional coefficient used in .
Kr MXRS 1 representing K’ as a function of Fpo r’ (for surface ships only)
> Non-dimensional coefficient used in . .
Kw MXURS 1 representing K’ as a function of u’r’ (especially for submarines)
> Non-dimensional coefficient used in . .
KW MXUUS 1 representing K’ as a function of u’2 (especially for submarines)
> Non-dimensional coefficient used in . .
WUSR MXUUDRS 1 representing K’ as a function of u'2 6 (especially for submarines)
R Non-dimensional coefficient used in
uuSSS R MXUUDR3S 1 re]z)rezentmg K"as a function of (especially for submarines)
u'c o
1 Non-dimensional coefficient used in . :
KW MXUVS 1 representing K’ as a function of u’ v’ (especially for submarines)
~ Non-dimensional coefficient used
WwSR MXUVDRS 1 in representing K’ as a function of (especially forSubmarines)
u’'v'8R
> Non-dimensional coefficient used in .
KV MXVS 1 representing K’as a function of Fyo v’ (forgurface ships only)
Non-dimensional coefficient used in
5 representing K’ as a function of
K",W MXV3S 1 b > £ > " (for surface ships only)
VIVIWV W Fg
Non-dimensional coeffigient used in
IE'" ‘ MXVVAS 1 representing K’ as a finction of
V|V| -
NN SERE
o Non-dimengional coefficient used
K VSR MXVDRS 1 inrepresenting K’ as a function of (for surface ships only)
Fno WOR
k' Non-dimensional coefficient used in .
wp MXWPS 1 representing K’ as a function of w’p’
R' MXWRS 1 Non-dimensional coefficient used in -
wr representing K’as a function of w’r’
> Non-dimensional coefficient used in .
KAU MXDUS L representing K’ as a function of Au’ (for surface ships only)
> Non-dimensional coefficient used in .
K., MXDUVS 1 representing K’ as a function of Au’v’ (for surface ships only)
1 Non-dimensional coefficient used in .
KAAH MRS 1 representing K’ as a function of (Au")2 (for surface ships only)
o Non-dimensional coefficient used
K(SR YV:XDRS 1 ill T ClJl CbCllLillE l'\’ dadSd {uu\. LiUll Ulr ({Ul SUrl {CILC b}l;})b Ulll)’)
FnO2 OR
R Non-dimensional coefficient used in
K:;&;R MXDR3S 1 reprzese;ltmg K"as a function of (for surface ships only)
Fno” Or
Non-dimensional coefficient used in
o1 representing K’ when angle of attack o
KU MX0S 1 a, drift angle 5, manoeuvring device,
and plane angles are zero
k’ MXOPHS 1 Non-dimensional oscillatory .
¢ roll coefficient

a  Forangles, the unit ° (degree) may be used.

b The unit kn, common in navigation, may be used.
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Table 1 (continued)
Concept
Symbol CC-code SI-unit
Term Definition or explanation
L L m Model length Reference length (see ISO 13643-1)
Length between the most aft and most
Loa LOA m Length overall forward points of the ship, permanent outfit
included, measured parallel to DWL
M MY N m Moment about y-axis Relative to ship-fixed axis system
MA MAX — Main axis (See ISO 13643-1.)
oM %
Mostat DMDTST Nmrad-1a — 26 |,y §\
from static test or calc ition
Especially for subm es
Y 0
522 of0
shere (i
wher SV, W,p,q,1 v WD, q|F, 0
e MYS 1 Non-dimensional moment about 8 ( Panv. Wb g\ 9 6)
y-axis i .
E rface ships only:
c;P 3,27
{< SE Vs
OQ where M (Vo, Au, v, w,p,q,1, v ,W,Ip, 4,7, $, 6)
\ -
| h ¢ \ 1 t+nT
4 n-phase part of non-di siona e M'(£)sinot dt
M, MYINS 1 moment abouty—axi@ nT I ( )sma)
t
X,
-
§ ) ) 2 t+nT
M;m MYOUTS 1 Quadratur@a t of'non-dlmensmnal BN J' M’(t)coswtdt
momen ut y-axis nT "
QO
N
oM’
M‘; DMDQS 1 Qg-l’ope through zero of M’ versus q’ oq’ .
G Tl
oM’
M; DMDQTS @ — ==
‘* o s
c,U oM’
M ; DMDQI§\~ 1 — Frd
T
Q it
v
4 oM’
M‘CV %9 DMDWS 1 Slope through zero of M’ versus w’ ow' .
M'=M
0
PAa
\ ’
A aM
™, DMDWTS T = ey
w ow'|,._ i,
, oM’
My DMDTHS rad-1a — 201 .
M'=Mj
o Non-dimensional coefficient used in .
pp MYPPS 1 representing M’as a function of p2
M Non-dimensional coefficient used in .
pr MYPRS 1 representing M’ as a function of p’r’

For angles, the unit ° (degree) may be used.

The unit kn, common in navigation, may be used.
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Table 1 (continued)

Concept
Symbol CC-code SI-unit
Term Definition or explanation
M Non-dimensional coefficient used in .
q MYQS 1 representing M’ as a function of u’q’
V Non-dimensional coefficient used in
alal MYQQAS 1 representing M’as a function of ¢’ |¢’| -
. Non-dimensional coefficient used
M‘q‘és MYQADSS 1 in representing M’as a function of —
u’lq’| 6¢
O Non-dimensional coefficient used in 03
M _
rr MYRRS 1 representing M’ as a function of r'2 '\
( ~7
O Non-dimensional coefficient used in *
M — .
uu MYUUS 1 representing M’ as a function of u’2 = ,Q)
M MYVPS 1 Non-dimensional coefficient used in b“:)
vp representing M’as a function of v’ p’ 0@
d 1 coeff d N~
v’ Non-dimensional coefficient used in
M MYVRS 1 : / . " —
vr representing M as a function of v'r ~ O
M MYWS 1 Non-dimensional coefficient used in s\\\o .
w representing M’as a function of u’w’ o)
Non-dimensional coefficient used in <(
M;/vw MYWWS 1 repf’zesentylzng M’ as a function of |w’| <QQ .
veisw \\
Non-dimensional coefficient u g&qn
' representmg M’as a functi é)w .
wlw] MYWWAS 1 '9{\
\/V + W g
)
. Non-dimensional ¢ cient used
M‘W‘ MYWAS 1 in representmg M”ga function of —
u’|w’|
Non-dim nal coefficient used in
M‘,w‘q MYWAQS 1 repr " g M’ as a function of q .
V $\ .d 1 coeff d
M’ on-dimensional coefficient used in -
oB MYDBS 1 representing M’ as a function of u’2 6
M § ) * Non-dimensional coefficient used in .
83 MYDSS \ representing M’ as a function of u'2 &g
P ad
QLO Non-dimensional coefficient used in
O D representing M’ when angle of attack o
MO MY0S <; 1 a, drift angle 8, manoeuvring device,
O and plane angles are zero
70 I:S/ 1 Non-dimensional oscillatory coef- .
o L ficient about y-axis
m %\ MA kg Model mass —
N MZ Nm Moment about z-axis Relative to ship-fixed axis system
ON' N¢ stat
-1a — vy P
Ngdyn DNDPDYS rad a¢ N'=1§Ib %Ls e
ON
Ngstat DNDPST N m rad-1a — 6¢ veo

from static test or calculation

a  Forangles, the unit ° (degree) may be used.

b The unit kn, common in navigation, may be used.
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Table 1 (continued)
Concept
Symbol CC-code SI-unit
Term Definition or explanation
Especially for submarines:
N
Prver
2
N’ MZS 1 Non-dimensional moment about where N(u,v,w,p,q 1, v, Wp, 4,5 ¢, 0)
Z-axis For surface ships only:
A
P3y.2 'WhereN(Vo,Au,\njp.q,r. vV, W,p,
270 N
a0
Rl V2
t+nT ,b
N! MZINS 1 In-phase part of non-dimensional i J‘ N’(t)si (bt
mn moment about z-axis nT 6&
t
-
) ) t+ N
N MZOUTS 1 Quadrature part of_non—dlmensmnal 2 ’(t)cosa)tdt
moment about z-axis
K’\
-
ON'
N, DNDPS 1 — << P
Q Ply-n,
N\
O o’
N, DNDPTS 1 _R >
Q B |-
h\\
o -
N; DNDP3TS 1 @ _
p W B y_py
X
N
. ON'
N; DNDRS 1 \‘S‘I’ope through zero of N'versus r’ ,
=No
ON’
, N\ o
N; DNDRTS C)C) — |y
=No
L~
: < o
N, DNDV%\ 1 Slope through zero of N’versus v’ o
N'=Nj
A,
ON'
N} \‘QRDVTS 1 — vl
N N'=Nj,
o
\
1%\ MZPQS 1 Non-dimensional coefficient used in .
representing N’as a function of p’ g’
! Non-dimensional coefficient used in
qu MZQRS 1 representing N’as a function of g’ r’ -
V Non-dimensional coefficient used in .
NF MZRS 1 representing N’as a function of Fyo r’ (for surface ships only)
N’ Non-dimensional coefficient used in .
7 MZRRAS 1 representing N’ as a function of r’ |1’
Non-dimensional coefficient used in
N;SSR MZRDDS 1 reprzesentmg N’as a function of Fno (for surface ships only)
r'ég

a2 Forangles, the unit ° (degree) may be used.

The unit kn, common in navigation, may be used.
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Table 1 (continued)

CC-code

SI-unit

Concept

Term

Definition or explanation

MZRADS

Non-dimensional coefficient used in
representing N’ as a function of Fpg
OR

/

r

(for surface ships only)

MZURS

Non-dimensional coefficient used in
representing N’as a function of u’r’

(especially for submarines)

Non-dimensional coefficient used in

MZURDDS

representing N’as a function of
u'r's?

(especially for submarines)

MZURADS

Non-dimensional coefficient used in

representing N’ as a function of
’ 5R

u

1

r

(especially for submarines)

MZUUS

Non-dimensional coefficient used in
representing N’ as a function of u”2

(especially for submarines)

MZUUDS

Non-dimensional coefficient used in
representing N’as a function of u2 6g

(especiallyfor.submarines)

Nuu§§5 R

MZUUD3S

Non-dimensional coefficient used in
representing N’ as a function of u”2

5

(eSpeeially for submarines)

MZUVS

Non-dimensional coefficient used.in
representing N’ as a function of u*v’

(especially for submarines)

MZVS

Non-dimensional coefficientused in
representing N’ as a function of v’

(for surface ships only)

MZVQS

Non-dimensional coefficient used in
representing N’ as'a'function of v’ q’

MZVRRS

Non-dimensional coefficient used
in representing N’ as a function of
Fno v.E%

(for surface ships only)

MZVVRS

Non-dimensional coefficient used
inrepresenting N’as a function of
Fhov?2r

(for surface ships only)

MZV3S

Non-dimensional coefficient used in
representing N’ as a function of

12 [ 12 12
VAV E+W O F

(for surface ships only)

MZVVAS

Non-dimensional coefficient used in
representing N’as a function of

v 'V'Z +W'2

MZVARS

Non-dimensional coefficient used in
representing N’ as a function of

2 2

r'\v' e +w’

MZWPS

Non-dimensional coefficient used in
-

representing N’ as a function of w’p

MZWRS

Non-dimensional coefficient used in
representing N’as a function of w’r’

MZDUS

Non-dimensional coefficient used in
representing N’as a function of Au’

(for surface ships only)

N!

Auv

MZDUVS

Non-dimensional coefficient used in
representing N”as a function of Au’v’

(for surface ships only)

NI
NAAu

MZDU2S

Non-dimensional coefficient used in

(for surface ships only)

representing N’ as a function of (Au’)2

a For angles, the unit ° (degree) may be used.

b The unit kn, common in navigation, may be used.
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Table 1 (continued)

Concept
Symbol CC-code SI-unit
Term Definition or explanation
N Non-dimensional coefficient used
Nip MZDRS 1 in representing N’as a function of (for surface ships only)
Fno? 6r
Non-dimensional coefficient used in
N'555R MZDR3S 1 reprzesgntmg N’as a function of (for surface ships only)
Fno®0R)
N representing N’when angle of attack .
0 MZos 1 a, drift angle f, manoeuvring device, '\0')
and plane angles are zero (\Q
N,¢ MZOPHS 1 No_n-dimensional_oscillatory coef- 6_}/
ficient about z-axis 0\’
N 1 — Number ofp@i&s used in Fourig¢r integral
n R~
NWI 1 Exponent ?\D —

. - g 6
p OMX rads-ia Roll velocity A\ @vélocity about x-axis

N
p’ 0XS 1 Non-dimensional roll velocity rQ&L/Vo
~
) rads-2a oll acceleration ngular acceleration about x-axi
p OXRT ds-2 Roll 1 OQ Angul 1 b
D
p‘ OXRTS 1 Non-dimensional roll ac )%:gtion [')L2 /V2
A\ ’
e \
p OXR3T rad s—4a 3rd derivative of?@elocity —
X
P OXR3TS 1 Non—d]mgnsu&*l 3rd derivative of p L4/V04
roll veloa{g)
)
. . V/R sin ¢s cos Og
-1 -
; oMY radsie Ar:g@ velocity about y-axis Relative to ship-fixed axis systen|
, . @—dimensional angular velocity
q 0YS 1 C ‘\abouty-axis aL/Vo
N
f] OYRT rad s§2a * Angular acceleration about y-axis Relative to ship-fixed axis system
Y
-1 Q Non-dimensional angular accelera- s 12 /172
q OYRTS . C) 1 tion about y-axis q L2 /v
q OYR3T C> rad s-4a 3{;(1 dterlva_txve of angular velocity .
C\.. about y-axis
.C.I" o % 1 Non-dimensional 3rd derivative of L4/V4
angular velocity about y-axis q 0
R /\WCM m Circular motion radius —
R
Rna ‘\Vi\/ RNA 1 Reynolds number Vwra Loa /va
I},{(&Y‘ RNO 1 (Reference) Reynolds number VoL/v
‘O . o _ V/R cos ¢s cos Os
r UMZ rdda s ANIgUIdI VEIOCILY dDOUL Z=d XI5 Re]ative to ship-fixed aXiS System
- 07S 1 Non-dlmer_lswnal angular velocity rL/Vo
about z-axis
r OZRT rads-2a Angular acceleration about z-axis Relative to ship-fixed axis system
K OZRTS 1 Non-dimensional angular accelera- F LZ/VZ
tion about z-axis 0
T TIP S Period of oscillation —
u VX ms-1b Longitudinal velocity Vcos b5 cos

Relative to ship-fixed axis system

a For angles, the unit ° (degree) may be used.

b The unit kn, common in navigation, may be used.

© IS0 2013 - All rights reserved 9
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Table 1 (continued)

Concept
Symbol CC-code SI-unit
Term Definition or explanation
uo VX0 ms-1 Longitudinal reference velocity —
o VXS 1 Non—dlmen_swnal velocity in direc- u/Vo
tion of x-axis
|4 \ ms-1b Model speed u? +v2 +w?
Vwr VWREL ms-1b Relative wind velocity (See1SO 13643-1.)
Reference velocity: 01.D<
Vwra VWRELA ms-1b Relative wind velocity at reference Usually 10 m above water surface, forff){ dcale
height zpa A
Vwr VWABS ms-1b True wind velocity (See ISO 13643-1.) G; .V
Reference velocity: ;
VwTa VWABSA ms-1b True wind velocity at reference Usually 10 m above wa%b\lrface, for full 4cale
height zoa
\J
Vo Vo ms-1b Reference speed u+v?+w? O
4
4 VS ms-1b Non-dimensional speed V/Vo K\
v VY ms-1b Lateral velocity V(s%d)}?os.ﬁ sin 85 - sin f cos ¢s)
V. ty in direction of y-axis
v’ VYS 1 Non-dimensional lateral velocity <Q/%
A
v VYRT m s—2 Lateral acceleration 5\0 Relative to ship-fixed axis system
N 2
v' VYRTS 1 Non-dimensional lateral aY@leration v L/VO
)
WL WL — Waterline ’\\Q) (See 1SO 13643-1)
w VZ ms-1b Normal velocKp V(sm_d)s_sm ﬁ * Cos ¢s cos ﬁ_sm 0s)
N Velocity in direction of z-axis
, . N .
w VZS 1 Non-g_@lonal normal velocity w/Vy
w VZRT m s—2 Normdl acceleration Acceleration in direction of z-axis
“ .
.y §Qégn-dimensional normal accelera- . 2
W VZRTS 1Ol AN
C tion
O
X FX h . Longitudinal force (See ISO 13643-1.)
ot
N _x
X FXS % 1 Non-dimensional longitudinal force P 272
< ) o 0
P 2
bd ?’ Non-dimensional coefficient used in
FX 1 ; , : ” -
a9 representing X’as a function of g2
)
X QQAS 1 Non-dimensional coefficient used in .
dd % representing X’ as a function of ¢’ |q’|
o1 Non-dimensional coefficient used in
X _
m FXRRS 1 representing X’ as a function of r’2
1 Non-dimensional coefficient used in . .
X
uu FXUUS 1 representing X’ as a function of u’2 (especially for submarines)
Non-dimensional coefficient used in
X;u&;k FXUUDDS 1 re:;z)rgszentmg X"as a function of (especially for submarines)
u- og
X FXVRS 1 Non—dime_nsior}al coefficit_ent use(’i iln .
vr representing X’as a function of v’ r

a For angles, the unit ° (degree) may be used.

b The unit kn, common in navigation, may be used.
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Table 1 (continued)
Concept
Symbol CC-code SI-unit
Term Definition or explanation
o Non-dimensional coefficient used in
X _
w FXVVS 1 representing X’ as a function of v2
X Non-dimensional coefficient used in .
wq FXWQs 1 representing X’as a function of w’ q’
o Non-dimensional coefficient used in
X _
ww FXWWS 1 representing X’as a function of w2
v Non-dimensional coefficient used 1n .
X
Au FXDUS 1 representing X’ as a function of Au’ (for surface ships only)
o Non-dimensional coefficient used in .
X
AAu FXDU2S 1 representing X’as a function of (Au’)2 (for surface ships only)
N Non-dimensional coefficient used in
X'\ Au FXDU3S 1 representing X”as a function of Fyg (for surface ships.only)
(Au’)3
Non-dimensional coefficient used in
}A(:ggB FXDB2S 1 re;z)reszentmgX as a function of (especially for submarines)
U, 53
Non-dimensional coefficient used in
)A(LséR FXDR2S 1 reprzestzentlngX asa function of (for surface ships only)
Fro”6Rr
Non-dimensional coefficient used in
)A(;%S FXDS2S 1 re];reséentmgX as a fulieion of (especially for submarines)
u' 65
Non-dimensignal coefficient used in
X FX0S 1 representing:X’ when angle of attack i
0 a, drift angle f, manoeuvring device,
and plane angles are zero
. XFO m bongitudinal position of centre of N/Y
pressure
Longitudinal position of centre of
XG XG m gravity of the model (SeeISO 13643-1.)
Y FY \J Lateral force (See ISO 13643-1.)
oY
-1 - A
Ypstat DYDPST Nrad-1a a¢ oo
from static test or calculation
Especially for submarines:
_Y
P2y
2
where Y (u,v,w,p,q,1, v, W, p, q.|, ¢, 0)
4 FYS 1 Non-dimensional lateral force
For surface ships only:
_
P2 ’
EL Vs
where Y (Vo, Au, v, w,p,q,1, v , W, p, ¢,7, b, 6)
In-ph fnon-d 1 2 "
" n-phase part of non-dimensiona 4 J‘ Y'(t)sinwtdt
Yin FYINS 1 lateral force nT ! ( )
Quad ¢ d 1 2 t+nT
' uadrature part of non-dimensional |_< J' Y'(t\coswt dt
You FYOUTS 1 lateral force nT g ( )

a For angles, the unit ° (degree) may be used.

b The unit kn, common in navigation, may be used.

© IS0 2013 - All rights reserved
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Table 1 (continued)

Concept
Symbol CC-code SI-unit
Term Definition or explanation

oy’

Y, DYDPS 1 — -
p or'|yi_y
Y=Y

, oy’

Y; DYDPTS 1 — prY
P ly =y
=To

6 !
Y; DYDP3TS 1 — a; ) '\03
iy D

o o5
’
Y, DYDRS 1 Slope through zero of Y’ versus r’ ’ b‘
or y,=};(,) %
5
’ oy’ O
Yy DYDRTS 1 — o

O\
, oY
Y, DYDVS 1 Slope through zero of Y’ versus v’ R
QYT

oy’
ov'

N
Y; DYDVTS — — @s\0
O

Y'=Yy

®$ ) oy’

Y, DYDPHIS rad-1a N\

[ Q o vy

«Q
N
v .\\c) oy’ _ Y¢stat
$dyn DNDPDYS rad-1a — | o P2z
=g L2y
. O ¢ 2
Non-dimensi - .

v’ FYPQS 1 O on-dimensional coefficient used in .

pq (- ) representing Y’ as a function of p’q’
v’ FYQRS Non-dlme_nsmn’al coefflcu_ent use('i in .

qar representing Y’ as a function of ¢’r

S

> Non-dimensional coefficient used in .
Yr FYRS )9 1 representing Y’ as a function of F o r’ (for surface ships only)
};, v Non-dimensional coefficient used in

r‘r‘ FY@ 1 representing Y’ as a function of r'|r' -

O
'\‘ Non-dimensional coefficient used in
Yr'SSR % EYRDDS 1 representing ¥"as a function of Fno (for surface ships only)
r' 6

Non-dimensional coefficient used in
representing Y’ as a function of Fpo

M‘SR FYRADS 1 (for surface ships only)
r'\Sr
51 Non-dimensional coefficient used in . .
Yur FYURS 1 representing ¥’ as a function of u’ (especially for submarines)
Non-dimensional coefficient used in
YJr&SR FYURDDS 1 representing ¥”as a function of (especially for submarines)

u'r 2

a  Forangles, the unit ° (degree) may be used.

b The unit kn, common in navigation, may be used.
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CC-code

SI-unit

Concept

Term

Definition or explanation

FYURADS

Non-dimensional coefficient used in

representing Y’ as a function of
! 6R

u

’

r

(especially for submarines)

FYUUS

Non-dimensional coefficient used in
representing Y’ as a function of u2

(especially for submarines)

Non-dimensionalcoefficientused.in

FYUUDS

representing Y’ as a function of u2 6g

(especially for submarines)

FYUUD3S

Non-dimensional coefficient used in
representing Y’ as a function of

2 ¢3
u' 6R

(especially for submarines)

FYUVS

Non-dimensional coefficient used

in representing Y’ as a function of u’v’

(especially fof Submarines)

FYUVADS

Non-dimensional coefficient used in
representing Y’ as a function of

u'|v'|6g

’

14

(especially for submarines)

FYVS

Non-dimensional coefficient used in
representing Y’ as a function of Fyjo'v’

(for surface ships only)

FYVQS

Non-dimensional coefficiént used in
representing Y’ as a function of v’ g’

FYVRRS

Non-dimensional coefficient used in
representing Y’ as\a‘function of Fyo
vl rrz

(for surface ships only)

FYVRAS

Non-dimeusional coefficient used in
representing Y’ as a function of

V'2+W/2 M
\%

v'

FYVVRS

Non-dimensional coefficient used in
representing Y’ as a function of Fyg
vZ2r

(for surface ships only)

FYV3S

Non-dimensional coefficient used in
representing Y’ as a function of

2 12

Foov'2\v'2+w

(for surface ships only)

FYVVAS

Non-dimensional coefficient used in
representing Y’ as a function of

v ,V'2+W'2

FYVWS

Non-dimensional coefficient used in
representing Y’ as a function of v’ w’

EYVADS

Non-dimensional coefficient used
inrepresenting ¥’ as a function of

(for surface ships only)

Fno|v’|6R

FYWPS

Non-dimensional coefficient used in
representing Y’ as a function of w’p’

1
er

FYWRS

Non-dimensional coefficient used in
representing Y’ as a function of w’r’

1
YAu

FYDUS

Non-dimensional coefficient used in
representing Y’ as a function of Au’

(for surface ships only)

YAvr

Auv

FYDUVS

Non-dimensional coefficient used in
representing Y’ as a function of Au’v’

(for surface ships only)

a  Forangles, the unit ° (degree) may be used.

b The unit kn, common in navigation, may be used.
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Table 1 (continued)
Concept
Symbol CC-code SI-unit
Term Definition or explanation
51 Non-dimensional coefficient used in .
YAA" FYDU2S 1 representing Y’ as a function of (Au’)?2 (for surface ships only)
“ Non-dimensional coefficient used
YéR FYDRS 1 in representing Y’ as a function of (for surface ships only)
FnOZSR
Non-dimensional coefficient used in
?' CUBD2C B representing Y’ as a function of Fpo? | ¢ c L 1
SSR EYDR -2 SSR tor-surface-ships-onty)
)
A
Non-dimensional coefficient used in
Y' FY0S 1 representing Y’ when angle of attack o .(]/
0 a, drift angle 5, manoeuvring device, Q) :
and plane angles are zero W ;
Yu FYOPHS 1 Non-dimensional oscillatory lateral {.@
¢ motion coefficient N
A FZ N Normal force (See ISO 136i@
Especial%{\!@lbmarines:
Z
P 3&,2 ’
<3§wez(u,v,w,nqm vV, W,p, q,f,¢0)
A FZS 1 Non-dimensional normal force \\
0 For surface ships only:
@ |z
S\'\Q ERRO
- & where Z (Vo, Au, v, W, p, q, 1, v, W, b, 4, T, $, §)
N\
~N
t+nT
' FZINS 1 In-phase part\@on-dimensional 2 J‘ Z'(t)sinotdt
n normal fo nT
. t
RN
. d\-) ¢ di . 1 t+nT
7 uadrature part of non-dimensional |_< j 7'(t tdt
out FZOUTS 1 §\ mal force T (t)coswi
t
O
' ¢ oz'
Zq DZDQS Slope through zero of Z’ versus q’ oq .
o
\ 0
QO)
oz’
z DZDQTS <3‘ 1 — ol
g 22,
\
>
Zw %’% DWS 1 Slope through zero of Z’ versus w’ ow'l .
Z'=Z;
0
7 oz'
W DZDWTS 1 — v
W lpz
7 Non-dimensional coefficient used in .
pp FZPPS 1 representing Z’ as a function of p'2
7 Non-dimensional coefficient used in .
pr FZPRS L representing Z’as a function of p’r’
7 Non-dimensional coefficient used in .
q FzQs 1 representing Z’ as a function of u’q’

a For angles, the unit ° (degree) may be used.

b The unit kn, common in navigation, may be used.
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Table 1 (continued)
Concept
Symbol CC-code SI-unit
Term Definition or explanation
51 Non-dimensional coefficient used in
zZ —
m FZRRS 1 representing Z’ as a function of r’2
51 Non-dimensional coefficient used in
ZW FZUUs 1 representing Z’ as a function of u2 o
2:} FZVPS 1 Non—dime_nsior}al coeffici_ent use(':l ip .
P representing Z’as a function of v’ p
7' Non-dimensional coefficient used in
v FZVRS 1 representing Z’as a function of v’ r’ r\(b
\®,
5 Non-dimensional coefficient used in (l/
A FZWS 1 . , : - =
w representing Z’ as a function of u’w Q) .
7
Non-dimensional coefficient used in b:b
, representing Z’ as a function of @
| rwens O e NCE
" O
Vi
Non-dimensional coefficient used in \‘0
Z;Nw FZWWS 1 representing Z’ as a function of CS\ -
‘W' V’Z +W’2 Q
-
Non-dimensional coefficieaned in
Z;/v‘w‘ FZWWAS 1 representing Z’as a func of .
w2 w2 5\
(%4)
N N\
Al FZWA Non-dimensio zh‘e efficient used in
W] S 1 . : - —
‘ ‘ representlrgéas a function of u’ |w’|
N\
Non-dim&ional coefficient used in
ZA:ﬁB FZDBS 1 re[pgg@ntmgz as a function of .
‘{é B
7 FZDSS 1 C}Non-dimensional coefficient used in o
S . representing Z’as a function of u’2 g
@ Non-dimensional coefficient used in
51 representing Z’ when angle of attack
Z FZ0S —
0 C) a, drift angle 5, manoeuvring device,
and plane angles are zero
z Z \O m Normal position (See1SO 13643-1.)
N
ZF ZEO m Normal position of centre of pressure |-K/Y
% Q'G m Normal position of centre of gravity (See 1SO 13643-1)
V of the model
Z0A ‘N\;\) Z0A m Reference height —
a,(\?”\ ALFA rada Angle of attack (See1SO 13643-1.)
% BET rada Drift angle (See1SO 13643-1.)
Au DVX ms-1 Surge velocity u-up
Au’ DVXS 1 Non-dimensional surge velocity Au/Vy
6B ANB rada Bow plane angle (See ISO 13643-1.)
OR ANRU rada Manoeuvring device angle (See ISO 13643-1.)
Ss ANS rada Stern plane angle (See ISO 13643-1.)
Os TRIMS rada Trim angle (See ISO 13643-1.)
6o THOPMM rada Amplitude of pitch oscillation —
VA VKAI m2s-1 Kinematic viscosity of air —_

a For angles, the unit ° (degree) may be used.

b The unit kn, common in navigation, may be used.

© IS0 2013 - All rights reserved
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Table 1 (continued)

Concept
Symbol CC-code SI-unit
Term Definition or explanation

PA RHOAI kg m-3 Air density —
p RHOWA kg m-3 Water density —
¢bs HEELANG rada Heel (bank) angle (See1SO 13643-1.)
bo PHOPMM rada Amplitude of roll oscillation —
v PSIH rada Heading (See ISO 13643-1.)

YwRr PSTWRETL Tad a Refative witd aiTection (See SO 13643-1)
Yo PSOPMM rada Amplitude of yaw oscillation —
) OMN s-1 Angular velocity 2n /T

The unit

For angles, the unit ° (degree) may be used.

kn, common in navigation, may be used.

5

In addition
must be co

Gene

For subma

6 Test 6.1 — Planar motion test

6.1 Gen

The gener:
complied W

Generally,
For surfacq
model is fr

In the case
model. Tw
horizontal
upright mc

between the struts and<he sail. For the horizontal-plane orientation, the model is rotated 90° and

mplied with:

ral test conditions

to the general test conditions outlined in ISO 13643-1, the folloWwing specific test condit

bral

1l test conditions outlined in ISO 1364831 and Clause 5 of this part of ISO 13643 shal
ith.

he ship model is fixed to the planar motion mechanism by suitable force and torque gau
ship manoeuvring simulation in only three degrees of freedom (x, y, 1), ensure that the
be to trim, heave, and possibly heel.

of submarines, usually-two struts oscillating vertically are used to tow and oscillate
b modes of attachment are used for the tests designated as vertical-plane orientation
plane orientatign.\For the vertical-plane orientation, either one strut is attached to
del through the)sail or two struts are attached to the inverted model to avoid interferg

ons

'ine model tests, surface and bottom effects shall be excluded by the use of suitable measulres.

| be

ges.

hip

the
and
the
nce
the

struts are yisually attached through its side. Support by one strut from the aft is also possible.
During sway tests;;and submarine roll tests, the following data shall be measured:

— momentabout x-axis K (during sway tests, only if the model is restrained in heel);
— moment about z-axis N;

— longitudinal force X;

— lateral force Y;

and for submarines in tests about y-axis:

— moment about y-axis

norma

16

M;

| force Z.

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=4eae4ca244a4ff5a842f917b5dd5298e

ISO 13643-6:2013(E)

In surface ship model tests, the Froude number, Fy,9, which scales the influence of surface waves, must
be identical for model and full-scale. Reynolds number, Ry, which scales the effect of viscosity, cannot
be matched; it must be ensured that the scale model attains fully turbulent flow (supercritical Ryp).
Turbulence stimulators near the bow can be used as necessary.

Since the control surface(s) and propeller(s) affect the coefficients, both should be implemented in the
model. For specific problems, tests may be run with bare hulls.

For surface ship models, the model mass, m, corresponds to the displacement volume, V . For submarine
models, the ballast should be adjusted both in quantity and location to establish a condition of neutral
buoyancy and level trim. It is difficult to establish an exact condition of neutral buoyancy. Therefore, the
exaft model mass condition (negative or positive buoyancy) is determined by means of an inglining test,
whe¢re the change of the axial force with the trim angle is equal to the excess of buoyancy:

Thd
the
or H

stability derivatives Ygpstat, Kpstat, and Ngstat, and for submarines also Mgstat, and. the cogrdinates of
centre of gravity xg and zg are determined experimentally by performing inclinihg tests ($tandstills)
y calculation.

Thd
test
wit

Int
it ig

hin the model which will subsequently be free flooding in towing tests are filled with wa

he linear theory of small departures from steady reference motions of submarines and su
standard practice to employ the idea of hydrodynamic-derivatives. These derivatives

model moments of inertia Ixy, Ix, and Iz, and for submarines also Iyy, are determined from
s performed in air. In the case of submarines, all apertures in the model are sealed and th

oscillation
ose spaces
Ker.

face ships,
permit the

b maritime
he vessel’s

magnitudes of fluid forces and moments to be specified. THe derivatives referred to in th
literature have invariably been ‘slow motion derivatives’ which serve to determine t
hydirodynamic stability for small motions about y- and-z-axes.

The theory of the planar motion technique is recast’in terms of oscillatory coefficients sinfe they are
more appropriate for use where the planar motion mechanism is concerned. Oscillatory coefficients are
frequency dependent. If the frequency of the-oscillatory motion is made very small, they approximate
slow motion derivatives.

Theg planar motion mechanism (PMM):is essentially a device for oscillating a ship or submajrine model
whifle being towed in a tank. The meehanism allows separating the motions of a body moving through a
fluid into the pure rotations ahout y- (or z-) axis and pure translatory motions in the direction of z- (or
y-) fixis. Combined motions ¢analso be generated. The differential equations of motion referred to a
moying body axis system dre used to establish a direct and explicit relationship between the various
rotdry and acceleration derivatives and the measured in-phase and quadrature parts of the|forces and
moiments. The linear force and moment equations describing the body motions with respect tp the initial
equiilibrium conditiohs can be written as:
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Lateral force:

M

4 4 3 3 3
Yz[&l’rf—m xG]er[p L Y +m ZG][)+%Y[; Vo p+[%Yr’—mJVO rj{%l";—m]v
pL(, P2y 2
+T(YV VOV+Y0 VO +Y¢dyn VO ¢)+Y¢stat¢
Moment about x-axis (if model is restrained in heel during sway tests or for roll tests):
pL5 , \ (;oL5 . \ oL (DL4 ,
K= —)—np—lxxJp+LTAr-+1ZXJr+ Ky, Vo p+LTAr—mZGJv0r
Lt opl?
J{”—K'V-er ZG]v+p (K’v WKy Vo2 +Klyayn V02¢)+K¢Stat¢
Moment alout z-axis:
5 5 4 4
L . L . L L
N=| BN 1, |4 PNy 1y |9+ 2N Vo pt| Ny —mxg (Vg
D 2 2
o I* 3

For subma

Normal for

Nonlinear
case of nu
algorithms

quoted Y

oblique toy

! . L i ’ 2 i 2
+[ Nv-—mxc]wp (NV Vov+Niy Vo2 + Ny ¥ ¢)+N¢Stat¢

Fines, the following additional formulae are used:

Z;Z+m]

p L*

3 2

L
Vo q+pT(Z'W Vo wZy Vo?

out y-axis:
4
po

r° . L :
2—M2~I+Iyy q+ M, +mXxg (W+

My Vo w+ My V)M,

M&—me]VO q

dependencies or-their respective derivatives must be taken into account, especially in
merical simulation of arbitrary manoeuvres employing suitable mathematical simula
. Terms which do not involve accelerations or angular velocities (in the equations of mo

1
Yvw ’
ving of flow test (see Clause 8). Terms which involve angular velocities other than ang

motion abdg

utx-axis (in this case Y‘Lﬂ, Y Y Y  and Y;lrl) are obtained both in character and v

A2 wr’ _qr’

(2)

(3)

(4)

()

the
fion
fion

and YA";M) are obtained both in character and values directly and more reliably from an

1lar

hlue

Il
e

directly from a circular motion test (see Clause 7).

NOTE

algorithm to be used.

6.2 Description

After adjusting the specific test parameters such as

The type of nonlinear derivatives or coefficients largely depends on the mathematical simulation

displacement amplitude, ag, of the model movement and amplitude, g, of the oscillation about z-axis or
the amplitude, ¢, of the oscillation about x-axis, and

oscillation

18

period, T, with corresponding angular velocity, w,
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the towing carriage carrying the planar motion mechanism is moved at a given constant forward speed,
Vo, with the planar motion mechanism superimposing the given periodic motion on this movement. The
propeller revolutions are to be set according to the corresponding self-propulsion point of the full-scale
ship or the model.

Constant carriage speed can be considered satisfactory for small amplitude oscillations. For larger
amplitudes as possible with an xyi)-subcarriage, an adequate oscillatory motion in the tank-longitudinal
direction may need to be superimposed to make the model speed constant.

It is important that the oscillatory motions of the model are satisfactory approximations to simple
harmonics and that the frequency is low enough for a proper approximation of oscillatory coefficients
to slow motion derivatives.

Cerfain planar motion systems can be driven with more complex trajectories whieh.aim|at specific
nonflinear terms.

6.3| Analysis and presentation of results of a planar motion test

6.3{1 Tests in the horizontal plane of motion

— N(t)
T a(t)
Ty I
0 y v (©)
Y (&) >
§ K(©

Figure 1 — Planar motion mechanism with the model in horizontal plane orientation

If a gmall sinusoidal lateral motion is superimposed to the forward moving model by setting

a(t)=agsinot and_W(t)=y,=0

the[following derigatives can be determined:

, oM oYy,
Y, = X > n . 6)
S L a(“’ 20 W
k Yo )w:O
Y‘; - a:out (7)
15
VO =0
m ON;
N, = Xg + in (8)

w=0
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R |/ (9)

1%
(C() aoj
0 =0

and if the roll moment were measured:

K =~ (10)
ZL 5 w aZO LJ
/5|
K, = Kou 11)
)
Vo ).,

The in-phdse and quadrature parts of force and moment are plotted againstthe corresponding fjon-
dimensiongl amplitudes of motion parameters o” a, L/V()2 and o ay/V , (respectively, which vary|due

to changes|of angular velocity, w, speed, Vp, or amplitude, ag (see Figure-Zand Figure 3). Linear curvefits
yield the slppes of the curves used to determine the hydrodynamicderivatives.

NOTE Where results are available from an oblique towing or flow test (see Clause 8), these values aife to
be preferrefl because these are the simplest, most direct experiments which can be carried out to obtain| the
derivatives foncerned and are inherently more reliable.
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Y
0 5 .
\ R i M —
-0,001 < —
- \ \\
0,002 < —

\ A
-0,003

-0,004 \
-0,005

N
-0,006 <o
-0,007
0 0,02 0,04 0,06 0,08 0,1 0,12
X
Key]
[ ] Y’n
®1p*K},
A 1p0* N},
X

npn-dimensional linear acceleration parameter, w? ag L/ VO2

Y in-phase parts of non-dimensional lateral-force, roll moment, and moment about z-axis coefficients

Figure 2 — Variation of in-phase parts of non-dimensional lateral force, roll momepnt, and
moment about z-axis coefficients with non-dimensional linear acceleration ampljtude
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nusoidal rotatioi about z-axis is superimposed on the forward moving model by setting
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hg derivatives can be determined:
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I
N.=—24 . > (14)
P s 6{0) wo L ]
2 V.2
0 »=0
, _mxg Ny (15)
2 1z
LYo Sl
and|if the roll moment were measured:
I OK;
K;,. ___Z + in (16)
P 5 w? Vo ?
2 o| ———
.2
0 =0
|
K __Imzg _ out 17)
P4 a(my/o L]
2
VO »=0
Theg in-phase and quadrature parts of force and moment are plotted against the corresponding non-

dim
due
cur

NO']
fron

ensional amplitudes of motion parameters o>y LZ/VO2 and oy, L/V,, respectively, ywhich vary
to changes of angular velocity, w, speed, Vp;~or amplitude, 1o (see Figure 4 and Figurd 5). Linear

ve fits yield the slopes of the curves used tg'determine the hydrodynamic derivatives.

E Curvature derivatives may be expected to be more accurately obtained from the planar motjon test than
1 the circular motion test (see Clause 7Z)(owing to the limited radius of turn if a rotating arm or simiilar is used.
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Figure[4 — Variation of in-phase partsjof non-dimensional lateral force, roll moment, and
moment about z-axis coefficients with non-dimensional angular acceleration amplitude
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6.3{2 Tests in the vertieal plane of motion (for submarines only)

K(t)

Figure 6 — Planar motion mechanism with the model in vertical plane orientation [model
shown in inverted position chosen to avoid interference between sail and mounting strut(s)]
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If a small sinusoidal motion in z-direction is superimposed to the forward moving model by setting

a(t)=ay sinot and 0(t)=60,=0

the following derivatives can be determined:

0Z:
Z = p’" ( i ) (18)
3 L
Ly 5 W a
T
0 =0
oz, .
Z;/V —_ out ~19)
(CO ap J
VO =0
M} ‘
M;/i/:_ mXxgq + 0 in 20)
piwL‘l' 0)2 ap L
2 0 2
Vo
=0
oM
M;/V - out 21)
0 =0
The in-phdase and quadrature parts of force and moment are plotted against the corresponding fjon-
dimensionfl amplitudes of motion parameters.o-"a, L/VO2 and o a/V , respectively, which vary [due
to changes|of angular velocity, w, speed, Vp, oramplitude, ag (see Figure 2 and Figure 3). Linear curvefits
yield the slppes of the curves used to determine the hydrodynamic derivatives.
If a small sihusoidal rotation about y-axis'motion is superimposed to the forward moving model by setfing
a(t)=6} V, coswt
G(t):O) sinot
the following derivatives'can be determined:
Z&:—mXG ('zﬁZ{n g 22)
ij‘* 0?6, 12)
v 2
L Yo Joo:O
oz, ‘
Z}y = - - out (23)
£L3 a[a) 90 LJ
2
VO =0
B I 212 M 2,2 4 14
h=—- ® ZL __in 9stat - M @ é + M} @ f; +.. (24)
2 Y % 2wy Vo Vo
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, _mxg oM, ‘
Mq— - u (25)

£L4 a (] 90 L
2 Vo
»=0

The in-phase and quadrature parts of force and moment are plotted against the corresponding non-
dimensional amplitudes of motion parameters o2 6, LZ/VO2 and o 6, L/V, respectively, which vary

due to changes of angular velocity, w, speed, Vo, or amplitude, 6o (see Figure 7). Linear curve fits yield
the slopes of the curves used to determine the hydrodynamic derivatives. A linear curve fit of Mj

M ~
plofted against o? LZ/VO2 yields both of the slow motion derivatives —ostat 4pq My (seg Figure 7).

P32
=7V,
2 0 Vv
Mgdtat should correspond with the value found by the tare test and should equal g m-GM of the model.
Y
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Figure 7 — Plot of non-dimensional oscillatory coefficient about y-axis M, against w2L2/V,2
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6.3.3 Tests for angular motion about x-axis (roll)

TN -
“%E—O JCDUUX

K(t) ¢,sinwt

Y Y(1)
vy
Figure 8 - Planar motion mechanism with a submarine model prepared for the determinatjon
of roll coefficients

For roll motion tests, submarine models have to be mounted in the horizontal mode pdsition (see Figurg 8).
The displagements of the model mountings are held fixed while the model is towed down the tank.
The impose¢d rotation is such that

¢(t):¢)sina)t
and we get

5 Y¢stat mzg w? I? Yi, Y¢stat , ; o’ L? , ot Lt

Y¢— = 2 —¢———=Y¢dyn—Yp —2+Yp —4+ 26)

Pizy2 Lt Vo 0o Pp2y,? 0 Vo
2 2
oY,
Y, =—1+—— 27)
p {a) & L]
VO w=0

B K I 212 K 2 42 4 54

Ry — w2 f Gt B g =K f +K 2 f ... 28)

K;) —_] aKout 29)

§=
VO =0
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¢ Z —gdym 7 '17 7 -
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oN,
Nj =-——— (31)

a[a) & L]
VO w=0

- . Y ~ K -
Linear curve fits (see My in Figure 7) of qu __gstat , KL — gstat ,and N(’ﬁ __gstat plotted against
Pi2y2 P32 Py,
2 0 2 0

w2 L2/Vy2 yield the slow motion derivatives Y}, Y5, Koy, Ko Nygon ,and Ny . Yosrar, Kpstar, and Nestat

are|to be determined by inclining tests at standstill or by calculation.
6.4 Designation of a planar motion test

6.4{1 Designation of a planar motion test in the horizontal plane (H)

Deslignation of a planar motion test in the horizontal plane (H) according.to'Part 6 (6), Test{l (1) of the
[SO[13643 series, conducted at a model towing speed Vo = 3 m s~1 (03)can-oscillation period T = 6 s (06),
a mpdel sway amplitude @, = 0 mm (00), and a yaw amplitude 1o =5°(05):

Planar motion test ISO 13643 - 6.1 x H/03/06/00/05

6.42 Designation of a planar motion test in the vertical plane (V)

Deslignation of a planar motion test in the vertical plane (V) according to Part 6 (6), Test 1 (1) of the
ISO[13643 series, conducted at a model towing speedVp = 3 m s-1 (03), an oscillation period T = 6 s (06),
a mpdel heave amplitude ¢y = 10 mm (10), and a;pitch amplitude 6 = 3° (03):

Planar motion test ISO 13643 - 6.1 x V,/03/06/10/03

6.4]3 Designation of a planar motion test for roll motion (R)

Deslignation of a planar motion test for roll motion (R) according to Part 6 (6), Test 1 (1) of thd ISO 13643
series, conducted at a model teWing speed Vp = 3 m s-1 (03), an oscillation period T = 6 s (06}, and a roll
amplitude Yo = 5° (05):

Planar motion test1S0 13643 - 6.1 x R/03/06/05

7 |Test 6.2 —<<.Circular motion test

7.1 General

Besjdes the general test conditions outlined in ISO 13643-1 and Clause 5 of this part of ISO[{13643, the

f ll > s 4 4 i 1 111 1i o ad=L
(0] WIS SPTUITIU LTS U LUIIUITIUILS SIIdIT DT CULITPIITU WILIL.

— The ship model is fixed to the cantilever of the rotating arm or other circular motion device by a
suitable force-sensing and towing device. For surface ship manoeuvring simulation in only three
degrees of freedom (x, y, ), ensure that the ship model is free to trim, heave, and possibly heel.

— To acertain extent, circular motions may be generated by means of an xy carriage in a towing tank.

— In surface ship model tests, the Froude number, Fj,9, which scales the influence of surface waves,
must be maintained between model and full-scale surface vessels. As Reynolds number, Ryo, which
scales the effect of viscosity, cannot be matched, it must be ensured that the scale model attains fully
turbulent flow (supercritical Ryp). Turbulence stimulators can be used near the bow as necessary.
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— To avoid measuring errors, only one full rotation per test (including the acceleration phase) should
be conducted with the rotating arm or other circular motion device.

During the test, the following data are to be measured:
For tests with circular motion about z-axis
roll moment K (if heeling is restrained),

moment about y-axis M (for submarines only),

mesent “hout z.asic N
uuuuuuuuuuuuuuuuuuu 5

lopgitudinal force X
lateral force Y,
ndrmal force Z (for submarines only).

For tests with circular motion about y-axis (for submarines only)
mement about y-axis M,
lopgitudinal force X,

ndrmal force Z.

7.2 Des¢ription

After adjudtment of the specific test parameters, such as circular motion radius, R, heel angle, ¢s, tirim
angle, 6s, drift angle, f and plane angles R, 6g,.and s, the ship model is force-towed on a circular path
at a constdnt speed Vp leading to the steady-ship-fixed velocities p, q, 1, u, v, w. Instead of u, the speed
up + Au alsg can be used in the equations of motion with a corresponding splitting into single coefficignts,
ug will be gelected as appropriate. This is used only for surface ships for which, usually, the values offthe
coefficientf vary with the Froude nuniber.

The propeller revolutions are to be-set according to the corresponding self-propulsion point of the full-
scale ship ¢r the model. In order.to remove the component due to gauge zero, offset, and buoyancy)|the
tare value pppropriate to theé\gauge and the attitude of the model is subtracted for the gauge readihgs,
leaving only the component€qual and opposite to the hydrodynamic force or moment on the model

7.3 Analysis and presentation of results of a circular motion test

After deduftion of'the inertial effects, the measurement data are mostly plotted non-dimensionally ps a
function of the parameters angular velocity, drift angles, and/or manoeuvring device angles (example:
Figure 9 toFig ; i i i —axi i i 1T the
case of submarine tests with circular motion about the y-axis as a function of angles of attack and/or
hydroplane angles.

The non-dimensional coefficients used for general computer simulation studies are determined by
curve-fitting the test data with appropriate equations in accordance with standardized methods. Non-
dimensional curvature and control derivatives are determined from the slope through zero of the non-
dimensional curves of force or moment versus the different non-dimensional test parameters. These
curvature derivatives may be expected to be more accurately obtained from the planar motion test (see
Clause 6) owing to the limited radius of turn available if a rotating arm or equivalent is used. It is found
that unless the rotating arm values lie on a straight line when plotted non-dimensionally against the
rate of turn, it is impossible to define the slope at zero turn precisely. Acceleration and roll derivatives
are available experimentally from the planar motion test only. It should be emphasized that the values
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of the first order coefficients that are associated with curve fits to the force and moment cur

ves are not

necessarily equal to those customarily used for the corresponding stability and control derivatives in

the linearized equations of motion. However, the standard notation used to describe these
coefficients is the same as that used for the corresponding stability and control derivatives.

first-order

The nonlinear derivatives must be taken into account in the case of numerical simulation of arbitrary
manoeuvres employing suitable mathematical simulation algorithms. The linear derivatives Y’, K, N,

‘g and MY, together with the respective results of the planar motion test (see Clause 6) and/or oblique
towing or flow test (see Clause 8) serve to determine the vessel’s dynamic stability for small moments
about z-axis and y-axis. However, the derivatives may also be used in specialized simulation studies such

to bp used. The coefficients listed in Clause 4 must therefore only be regarded as reference data for an
testlevaluation. For submarines in deeply submerged condition, the results are independént of the Fro|
and|forces and moments can be determined as a function of the longitudinal velocityyu. For surfa
hydfodynamic coefficients are determined for the Froude number belonging to theé model speed, 1y,
of uf the surge velocity, Au, is normally used in the force and moment equations, Therefore, there are
in the coefficients sets use for surface ships or submarines which has to be.taken into account wh
coefficients from Table 1.

7.4 Designation of a circular motion test

Des
wit
(10]

ignation of a circular motion test according Part 6 (6),Test 2 (2) of the ISO 13643 series,
h the reference axis z (Z), a model reference speed V=3"m s-1 (03), a circular motion radi
,a drift angle f = 10° (10), and a manoeuvring deviee angle 6r = 20°(20):

Circular motion test I1SO 13643 - 6.2 xZ/03/10/10/20
Des|
wit
(10]

ignation of a circular motion test according Part 6 (6), Test 2 (2) of the ISO 13643 series,
h the reference axis y (Y), a model reference speed Vo = 3 ms-1 (03), a circular motion radi
,atrim angle s = 5° (05), a stern plane angle 65 = 3°(03), and a bow plane angle g = 0°

Circular motion testISO 13643 - 6.2 x Y/03/10/05/03/00
Nl

I
p=+12°

N

+6°)
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1/

here 3 simplified

n algorithm
Qppropriate
ude number
e ships, the
and instead
differences
en choosing

conducted
us R=10m

conducted
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non-dimensional moment about z-axis
non-dimensional angular velocity about z-axis

Figure 9 — Moment about z-axis - angular velocity about z-axis
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