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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 ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

Foran expl
as well as
Technical H

The comm
SC 6, Navig

This secon
minor revi

in 3.6

s drawn to the possibility that some of the elements of this document may be the subje
ts. ISO shall not be held responsible for identifying any or all such paténtrights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

hnation on the meaning of [SO specific terms and expressions related to conformity assessm
nformation about ISO’s adherence to the World Trade \Organization (WTO) principles in
arriers to Trade (TBT) see the following URL: wwwsiso.org/iso/foreword.html.

ation and ship operations.

[ edition cancels and replaces the first.édition (ISO 13643-6:2013), of which it constitut
cion with the following changes:

ry)-carriage was inserted;

in
in Tab

in Equ

Alist of all

Tab]e 1 “DNDPDYS” row, the symbol was changed from “Ngqyn” to “N ’¢dyn”;

e 1 “DYDVTS” row, the Sl-unit was changed from “—” to “1%

«_n,

htion (20) “pyw” wasThanged to “p”;

in 7.3 paragraph 3, “imoments” was changed to “motions”.

parts inthe ISO 13643 series can be found on the ISO website.

ttee responsible for this document is ISO/TC.8, Ships and marine technology, Subcommif

are
the
the

t of
s of
| /or

not

ent,
the

tee

S a

© ISO 2017 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=b5dbfbac5cac5795d42ff8d8546784f7

INTERNATIONAL STANDARD

ISO 13643-6:2017(E)

Ships and marine technology — Manoeuvring of ships —

Part 6:
Model test specials

1

Thi
the
mof

Scope

5 document defines symbols and terms and provides guidelines for the conduct of tests to
hydrodynamic forces and moments due to prescribed motions under a planat-motion,
ion or an oblique towing or flow system for models of surface ships and submarines. It a

synjbols and terms and provides guidelines for the conduct of tests in a wind tunnel. It is intg

rea

Thd
con
und

ISO
and

For

ISO

31
pla

1 in conjunction with ISO 13643-1.

Normative references

following documents are referred to in the text in such dmway that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

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.

and IEC maintain terminological databases for use in standardization at the following ad

IEC Electropedia: availablésat'http: //www.electropedia.org/

SO Online browsing platform: available at http://www.iso.org/obp

har motion test

manoeuvring test.to determine the hydrodynamic forces and moments as functions of late

and|

3.2
cirg

acceleration-as well as of angular velocity and acceleration about the z-axis or the y-axis, r

ular motion test

determine
a circular-
Iso defines
nded to be

Pir content
pplies. For
[s) applies.

quantities

dresses:

ral velocity
bspectively

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

he angular

velocity for surface ships primarily about the z-axis, for submarines primarily about the z-axis, as well
as the y-axis

3.3

oblique towing or flow test
manoeuvring test to determine the forces and moments as a function of the drift angle and of the
manoeuvring device angle and, in the case of submarines, the angle of attack and hydroplane deflections,

ina

towing tank, a circulating water tunnel, or a wind tunnel
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3.4
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.

3.5
manoeuvring device

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

a vessel

3.6
Xyy-carriage

sub carriage (secondary towing system) to the towing carriage that allows a differential longitudin
transverse|{and a rotational motion of the model in the horizontal plane

4 Test-related physical quantities

Test-relatef physical quantities are according to Table 1. General quantities and concepts are accor(

to ISO 13643-1.

Table 1 — Test-related physical quantities

b1, a

ling

Concept
Symbol CC-code SI-unit
Term Definition or explanation
ALy ALV m?2 Lateral area above waterline (see IS0 13643-1)
A AXV m2 Transverse projected area of ship Projected cross section area above DWL, gefjer-
xv above waterline ally without rigging, railings, etc.
AP AP — After perpendicular (see ISO 13643-1)
a0 AOPMM m Displacement amplitude of the model
movement
C CWI N Cross force Force perpendicular to relative wind direction
Cc CcC 1 Cross force coefficient 2¢ / ( 2
0, Vima Ay )
A WRA'LV
Cp CD 1 Drag coefficient 2D/ (o, V 2 A
0 )
A WRA''LV
Cpax CDAX 1 Drag coefficient 2D / (QAVVZVRAAXV ), relative to cross sectipn
Ck CK 1 Roll-moment coefficient 2K / ( 2
pLV A L)
A WRA"'LV 0A
CN CN 1 Coefficient of moment about z-axis | 5y /( VZ A L
0 )
A WRA"'LV 0A
Cx CX 1 Longitudinal-force coefficient 2
2X /(e pViwraALy)
CXAX CXAX 1 Longitudinal-force coefficient 2 . .
2X / (QAVWRAAXV ), relative to cross section
Cy (0'¢ 1 Lateral-force coefficient 2
2Y /(0 pVwraALy)

© ISO 2017 - All rights reserved
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Table 1 (continued)
Concept
Symbol CC-code SI-unit
Term Definition or explanation
D DWI N Drag Force in direction in which relative wind blows
DWL DWL — Design waterline (see IS0 13643-1)
FP FP — Fore perpendicular (see1SO 13643-1)
Fr FTWI N Resultant force \/CZ +D2 and \/XZ +y2  respectively
Y Y A
Fn FN 1 Froude number (see1SO 13643-1) r\\
D
F, FNO 1 Reference) Froude number A
n0 ( ) VO / \/97 r’\(}
_ ,\l
oM GM m Metacentric height (see1SO 13643-
~
. O
Mean height of lateral area above
Him HLM m design waterline Awv/Loa '\(b
O
Lx IXX kg m2 Morr_lent of inertia of the model about (S@O 13643-1)
Xx-axis
K\
Ly vy kg m2 Mom_ent of inertia of the model u (see 1SO 13643-1)
y-axis O
et
L 1ZX kg m2 Product of inertia of thew 1 (see IS0 13643-1)
Q>
I,y 177 kg m2 E{Ig)r:;:nt of inertia @he model about (see 1SO 13643-1)
N
$ Moment about x-axis
K MX Nm Roll mor&@t
A Relative to ship-fixed axis system
xS
9 oK
dF Zlmo
Kpstat DKDPST N mrad-1 \\ — 90
C) from static test or calculation
\ .
N
C)C) Especially for submarines:
O i
K M)@%\% 1 L 3v?
2
O where K (w,v,w,p,q,1, v, w, p, 4|, r,$,6)
4
v\s Non-dimensional roll moment
é For surface ships only:
N
B L3V02
2
where K (Vo, Au, v, w,p,q,1, v, W, b, q, T,9,0)
" ; d | t+nT
, In-phase part of non-dimensiona , .
< MXINS 1 Lapase pal = J’ K’ (¢) sinot de
in nT
t
d ‘ 4 | t+nT
, Quadrature part of non-dimensiona ,
K ut MXOUTS ! roll moment E _[ Kk (t) coswt dt

© IS0 2017 - All rights reserved
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Table 1 (continued)

Concept
Symbol CC-code SI-unit
Term Definition or explanation
K DKDPS 1 - K
p o’ K=K,
K. DKDPTS 1 — o
p ap’ K'=Kg
il
Ko DKDP3TS 1 — x .o, /\
P ap” K'=Kg N
[aN
N\
K, DKDRS 1 Slope through zero of K’ versus r’ ai " 6 .
r ar’ K=K, oy
= &
o <8
< DKDRTS 1 — LS 25
P o K=Ko I
’ DKDVS 1 Slope through zero of K’ versus v’ ai | ,\%
K =
v v K —ﬁq
O
Q N4
< DKDVTS 1 — %| .,
i o ks
A
N
. Non-dimensional coefficient uséd
pq MXPQS 1 representing K’ as a function@p q |
RO
N~
, Non-dimensional ¢ ient used in .
K MXRS 1 representing K’ e&@%ﬁon of Fyo (for surface ships only)
O
N
, Non-di ional coefficient used in . .
. MXURS 1 repre§ ng K' as a function of u’ r’ (especially for submarines)
Q
= [Won-dimensional coefficient used in . .
. MXUUS 1 (§‘representing K' as a function of u'2 (especially for submarines)
C,
\J
Q N Non-dimensional coefficient used
o MXUUDRS inrepresenting K’ as a function of (especially for submarines)
Kyusr 03\ u'2 6
4
Q‘ Non-dimensional coefficient used in
. , .
K MXUUDE?& 1 representing K’ as a function of (especially for submarines)
uudSOR u’26 3
<\ R
N
R E ; Non-dimensional coefficient used in . .
w "'_O& XUvs 1 representing K’ as a function of u' v/ (especially for submarines)
Non-dimensional coefficient used
K MXUVDRS 1 inrepresenting K’ as a function of (especially for submarines)
uvoR u'v' S
., Non-dimensional coefficient used in :
K, MXVS 1 representing K’ as a function of Fyo v’ (for surface ships only)
Non-dimensional coefficient used in
. representing K’ as a function of
’ MXV3S 1 = ' (for surface ships only)
w Vv Wy 4w FnO
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Table 1 (continued)
. Concept
Symbol CC-code SI-unit
Term Definition or explanation
Non-dimensional coefficient used in
s representing K’ as a function of
K MXVVAS 1 ] ] —
Vlvl viAlv 2 +w z
i Non-dimensional coefficient used
¢ 5 MXVDRS 1 in representing K’ as a function of (for surface ships only)
VOR Fao V’ﬁD
L Non-dimensional coefficient used in '\
wp MXWPS 1 representing K’ as a function of w’p’ | (19
—
o
N MXWRS 1 Non-dimepsiorllal coeffici(?nt usedlir} o b‘
wr representing K’ as a function of w'r @
k\
N Non-dimensional coefficient used in .
LYW MXDUS 1 representing K’ as a function of Au’ [@ace ships only)
K\
NG Non-dimensional coefficient u Qn .
KAuv MXDUVS 1 representing K’ as a functi%@ v (for surface ships only)
i Non-dimensional coe{\'ﬁ@n\t used
K MXDU2S 1 in representing K’ as aunction of (for surface ships only)
AAu (Au")2
DO
S
, Non-dime al coefficient used
” s MXDRS 1 in repre@mg K'as a function of (for surface ships only)
R Fno? 61“
J &gimensional coefficient used in
o MXDR3S 1 - resenting K’ as a function of ¢ ¢ b 1y)
K N or surface ships only
856R N 2.3
C) FnO sR
C)() Non-dimensional coefficient used in
N representing K’ when angle of attack |
KO MXo0s O M 1 a, drift angle f, manoeuvring device,
% and plane angles are zero
/\%
L Y Non-dimensional oscillatory roll co-
K XOPHS 1 efficient
o r\q
L ‘\v\i L m Model length Reference length (see ISO 13643-]
é Length between the most aft and fost forward
L LOA m L nngrh averall points ofthe ehip permanent outflit included,
measured parallel to DWL
M MY N m Moment about y-axis Relative to ship-fixed axis system
MA MAX — Main axis (see IS0 13643-1)
oM
Mostat DMDTST Nmradla |— -0 v=o
from static test or calculation

© IS0 2017 - All rights reserved
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Table 1 (continued)

Concept
Symbol CC-code SI-unit
Term Definition or explanation
Especially for submarines
M
p 32
— LV
2
where M (wvwpagnrv, w, p, g, r . ¢06)
o MYS 1 Non-dimensional moment about Q
y-axis .(]/
For surface ships only: ,(-O ‘
- 8
b 32 &
23y N
2 0
whereM(VQg@v,w,p,q,r, v, w,p,q,r,$0)
A3
K
’ In-phase part of non-dimensional 2 i )
Min MYINS 1 moment about y-axis 0\,\ - J M (t) sinot dt
s\ nT
@& t
NN
t+nT
4 Quadrature part of@imensional 2 !
- MYOUTS 1 moment bout = J M (¢) coswt de
nT
«O t
N
’ oM’
M DMDQS 1 Slo e\%@ugh zero of M’ versus q’ [ .,
q &) A’ M'=M0
S o
M. DMDQTS 1 O — =z, .
q . M'=M
O 9 0
, oM’
M.. DMDQ3TS %\% 1 — —_— .
q o M'=M
> q 0
o)
v
, oM’
M D @ 1 Slope through zero of M’ versus w’ — .
W > ow’ M'=M,
Vi
5
, oM’
M, DMDWTS 1 — : —
w M =M0
, M’
M DMDTHS rad-1a — B_ ‘
0 20 M'=M0
N Non-dimensional coefficient used in
pp MYPPS 1 representing M’ as a function of p'2 |
N MYPRS 1 Non-dimensional coefficientused in |
or representing M’ as a function of p' r’

© ISO 2017 - All rights reserved
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Table 1 (continued)
. Concept
Symbol CC-code SI-unit
Term Definition or explanation
N Non-dimensional coefficient used in
Mq MYQS 1 representing M’ as a function of u’ q¢' |
7 Non-dimensional coefficient used in
Mqlql MYQQAS 1 representing M’ as a function of ¢'|q'| |
o Non-dimensional coefficient used /\
M MYQADSS 1 inrepresenting M’ as a functionof | — y\
lales u/1q'15s Q
nV
Lt MYRRS 1 Non-dlmep510Mn,al coeffflcle_nt usfedlzm . 0_‘),
r representing M’ as a function of r b‘
‘b(:fJ
N Non-dimensional coefficient used in '\
MYUUS 1 M as & function of 42| —
uu representing M’ as a function of u O
‘\v
. MYVPS 1 Non-dlme_nsmnfal coefflcle_nt used 1r}c>_
vp representing M’ as a function of
QY
N MYVRS 1 Non—dlme_nsmn?l coefﬁ&Qt sed,lrll _
vr representing M’ as a @S_t)t onofv'r
Z;
N Non-dimensi rgﬁ)efﬁcient used in
M MYWS 1 . / : "o
w representi as a function of u" w
W
Non-dimensional coefficient used in
N MYWWS 1 r enting M’ as a function of _
N
ww 2 2
’\Ch N T o+ w
~
. Non-dimensional coefficient used in
N MYWWAS @s ¢ representing M’ as a function of _
W|W| 2 2
w'\v 4+ w
2
= N Non-dimensional coefficient used
M MYWAS% 1 in representing M’ as a function of —
|W| C')\ u'lw'|
Q Non-dimensional coefficient used in
Il;!, §Y§WAQS 1 representing M’ as a function of _
wla 4 A2 w2
v w
h 1
R
&; Non-dimensional coefficient used
@ MYDBS 1 inrepresenting M’ as a function of | —
u'2 g
, Non-dimensional coefficient used
M MYDSS 1 inrepresenting M’ as a function of | —
S u'2 &g
Non-dimensional coefficient used in
representing M’ when angle of attack
. a, drift angle §, manoeuvring device,
M0 MYO0S 1 and plane angles are zero -
1\71’ MYOTHS 1 N_on—dlmensmna_ll oscillatory coeffi-
9 cient about y-axis
m MA kg Model mass —

© IS0 2017 - All rights reserved
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Table 1 (continued)

Concept
Symbol CC-code SI-unit
Term Definition or explanation
N MZ Nm Moment about z-axis Relative to ship-fixed axis system
BN/ N¢ stat
N DNDPDYS rad-1a . — i T
¢dyn ap N=Ng p 3,
—LV
2
3
Nostat DNDPST Nmradla |— ap V=0 q/Q
from static test or calculation 6 R
(o Nd
D‘J
Especially for submari5©
r .0
p 32 "D
— L'V s\\
2, O
whefe N (v, w.p, g v, v, b, d, i, 9,6)
® :
N’ MZS 1 Non-dimensional moment abo \
z-axis
\\9@ For surface ships only:
D N
.\Q)
3 P 3,2
xO 0
2
\b where N (Vo, Au,v,w,p,q,, v, w, p, q, r,$,0)
O
-
C)O t+nT
’ In-phase part of non-dimensional 2 i )
in MZINS 6 . moment about z-axis — J N (t) sinwt dt
nT
S t
<> t+nT
’ <2~ Quadrature part of non-dimensional | 2 ,
Nt MZOU"$~ 1 moment about z-axis — J N (f) cosot dt
nT
AD t
X
N n& DNDPS 1 — w .
p "O an- N'=NU
, N’
N DNDPTS 1 — w |
p ., ,_
P N —N0
’ oN’
N.. DNDP3TS 1 — -
p b N':N0
, N’
N DNDRS 1 Slope through zero of N’ versus r’ B_ | N
" ar’ N’=N0

© ISO 2017 - All rights reserved
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Table 1 (continued)
Concept
Symbol CC-code SI-unit
Term Definition or explanation
N DNDRTS 1 — N |
" orr N'=Ng
, N’
N DNDVS 1 Slope through zero of N'versus v’ 8_ | »
v v’ N'=N0
. N’ (\
N. DNDVTS 1 — — . Q
v v N'=Ng (]/
e
R G
N MZPQS 1 rNem:»fsl;rrllijnnSl(;vn’al cot;fflmte_nt usfec} in | b:b
pq p g N'as afunctionof p' q @
S
NG Non-dimensional coefficient used in
qu MZQRS 1 representing N’ as a function of g’ r’ _%O
NG Non-dimensional coefficient us nc> .
N, MZRS 1 representing N’ as a function %g | for surface ships only)
R
-7 Non-dimensional co @t used in
Nr|r| MZRRAS 1 representing N'as a%ﬁ ionof r'|r’| |
AL
-
Non-dimensi rﬁ}coefﬁcient used in
, representin&' as a function of
N MZRDDS 1 . Q) (for surface ships only)
ré8R F r'&g
n0
O
“\Non-dimensional coefficient used in
NG . ting N’ functi f
N MZRADS AN jrepresenting ' as a function o (for surface ships only)
r|6R C) F o |r |6
. no R
5 Py
DD
N Non-dimensional coefficient used in . .
Nur MZURS O 1 representing N as a function of u’ r’ (especially for submarines)
% Non-dimensional coefficient used in
, } representing N’ as a function of . )
v MZ 1 (especially for submarines)
urdSR wr's 2
R
[ 2
\4 \(~ Non-dimensional coefficient used in
. / ting N’ function of
vs MZURADS 1 representing v’ asatunction o (especially for submarines)
I R?“ ulr|é
c R
N
7
N Non-dimensional coefficient used in . .
Nuu MZUUS 1 representing N as a function of u'2 (especially for submarines)
i Non-dimensional coefficient used
N MZUUDS 1 in representing N’ as a function of (especially for submarines)
uuSR u'2 §g
Non-dimensional coeffi cient used in
, representing N’ as a function of
v MZUUD3S 1 (especially for submarines)
Nuu&ﬁBR u’z 53
R
N Non-dimensional coefficient used in . .
Nuv MZUVS 1 representing N' as a function of ' v/ (especially for submarines)
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Table 1 (continued)

CC-code

SI-unit

Concept

Term

Definition or explanation

MZVS

Non-dimensional coefficient used 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/ ¢’

MZVRRS

Non-dimensional coefficient used
in representing N’ as a function of
FpoVv'r'2

(for surface ships only)

vvr

MZVVRS

Non-dimensional coefficient used
in representing N’ as a function of
Fnov'2r'

(for surface ships only)

b:b/

(o=

MZV3S

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

v v 4w FnO

(for surface shi@nly)
¢\

NS

MZVVAS

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

2 ‘2
+w

D

&

N

N4

MZVARS

Non-dimensional coefficient 1n
representmg N'asa funct((\

’ ’2
r'aAlv. +w $

(N

MZWPS

A\
1 coefficient used in
as a function of w’p’

Non-dimensi
representing

MZWRS

NN
Nogdlmensional coefficient used in

1) . .
representing N’ as a function of w' r’

MZDUS

o~

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

(for surface ships only)

MZDUVS

S

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

/| (for surface ships only)

AAu

<5

s

Non-dimensional coefficient used
in representing N' as a function of
(au')?

(for surface ships only)

6R

=~

Non-dimensional coefficient used

MZDRS

inrepresenting N’ as a function of
Fno? 6r

(for surface ships only)

J00R

MZDR3S

Non-dimensional coefficient used in
representing N’ as a function of
2 .3

F 1
n0 R

(for surface ships only)

MZ0S

Non-dimensional coefficient used in

representing N’ when angle of attack
a, drift angle 8, manoeuvring device,
and plane angles are zero

10
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Table 1 (continued)
Concept
Symbol CC-code SI-unit
Term Definition or explanation
1\7’ MZOPHS 1 N_on—dlmensmna_\l oscillatory coeffi-
0 cient about z-axis
N 1 — Number of periods used in Fourier integral
n
NWI 1 Exponent —
1 s = V] R SINTUS
p OMX rads-ia Roll velocity Angular velocity about x-axis /\
'\\
o OXS 1 Non—c_hmensmnal roll p L)V (19
velocity N
(0=
o
p OXRT rads-2a Roll acceleration Angular accelerg(’igabout x-axis
d Iroll Y
., Non-dimensional ro 2 2
p OXRTS 1 acceleration pL/ Vor\
3rd derivative of roll O
—4 —
b OXR3T rad s-4a velocity \%
, Non-dimensional 3rd C) 4 4
p OXR3TS ! derivative of roll velocity Q pL [V,
7 V/R sin ¢ 0
) . ; sin ¢s cos Os
q OMY rads=ta Angular velocity aboutyﬁ{l Relative to ship-fixed axis system
[d \\
ular vl
Non-dimensional ular velocity
q 'S 1 . a%s qL/Vo
about y-axis
yaris GO\
q OYRT rads-2a Angular aﬁraﬂon about y-axis Relative to ship-fixed axis system
AN
-~
., N imensional angular accelera- 2 2
q OYRTS 1 {Lo bout y-axis a” /v,
D - .
i OYR3T rad s-4 3rd derlvaFlve of angular velocity o
about y-axis
@ Non-dimensional 3rd . .
q’ OYR3TS O 1 derl\_/atlve of angular velocity about q ) VO
y-axis
R RCM O\&J m Circular motion radius —
\J
Rua RNA~ 1 Reynolds number Vwra Loa /va
Rno Q-E?O 1 (Reference) Reynolds number VoL/v
'\)‘ V/R 6
r v\s OMZ rads-1a Angular velocity about z-axis R/ €os s cos os .
DR elative to ship-fixed axis system
/'\\
% 07S 1 Non—dlmer_lsmnal angular velocity rL/Vo
about z-axis
F OZRT rad s-2a Angular acceleration about z-axis Relative to ship-fixed axis system
., Non-dimensional angular accelera- 2 2
r OZRTS 1 tion about z-axis L)V,
T TIP s Period of oscillation —
S . Vcos 6s cos 8
-1b
u VX ms Longitudinal velocity Relative to ship-fixed axis system
uo VX0 ms-1 Longitudinal reference velocity —
u' VXS 1 Non—dlmen_smnal velocity in direc- u/Vo
tion of x-axis

© IS0 2017 - All rights reserved
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Table 1 (continued)

Concept
Symbol CC-code SI-unit
Term Definition or explanation
|74 |74 ms-1b Model speed PR
Vwr VWREL ms-1b Relative wind velocity (see 1SO 13643-1)
Reference velocity:
VwRraA VWRELA ms-1b Relative wind velocity at reference Usually 10 m above water surface, for full scale
height zoa
Vwr VWABS ms-1b True wind velocity (see 1SO 13643-1) '\/\
Q"
Reference velocity: (1{
VwTAa VWABSA ms-1b True wind velocity at reference Usually 10 m above water surfz%’f‘ full schle
height zpa 0\,
D‘J
Vo Vo ms-1b Reference speed uz +v2 +w2 (b%
0 r\
14 VS ms-1b Non-dimensional speed V/Vo C‘O
v VY ms-1b Lateral velocity V{sin ¢s Mn 05 - sin f cos ¢s)
Veloc1ty® irection of y-axis
L
v VYS 1 Non-dimensional lateral velocity
4
v VYRT m s—2 Lateral acceleration (,\\\.\ Relative to ship-fixed axis system
N\
, T . . . 2
; VYRTS 1 Non-dimensional lateral ation | . / VO
A
WL WL — Waterline . 01® (see ISO 13643-1)
&
_ . V (sin ¢bs sin B + cos ¢s cos S sin Os)
1b
W vz ms Normal velo@ Velocity in direction of z-axis
w' VZS 1 Non—Q@)sional normal velocity w/Vo
@
w VZRT m s—2 \Normal acceleration Acceleration in direction of z-axis
-
., Non-dimensional normal acceler- . 2
w VZRTS IC) ation wL [V,
X FX @ : Longitudinal force (see 1SO 13643-1)
NG
<>% -
/ Non-dimensional
X FXS Q‘ 1 longitudinal force p 2 2
v —LV
0
N 2
N Q Non-dimensional coefficient used in
r‘& FXQQs 1 representing X’ as a function of ¢'2 |
qaq .O
.’ Non-dimensional coefficient used in
Xq|q| FXQQAS 1 representing X’ as a function of ¢'|q’|
N Non-dimensional coefficient used in
X, FXRRS 1 representing X’ as a function of r'2 |
NG Non-dimensional coefficient used in . .
» FXUUS 1 representing X' as a function of u'2 (especially for submarines)

12
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Table 1 (continued)
Concept
Symbol CC-code SI-unit
Term Definition or explanation
Non-dimensional coefficient used in
. representing X’ as a function of ) .
X’ FXUUDDS 1 (especially for submarines)
uud6R u'25 2
R
-, Non-dimensional coefficient used in
X, FXVRS 1 representing X’ as a function of v/ r’ |
-, Non-dimensional coefficient used in '<\
X, FXVVs 1 representing X as a function of v'2 - (19
/’
. Non-dimensional b:b
’ FXWQS 1 coefficient used in representing X’ as | — @
wq a function of w’q’ '\(b
O
5{/ FXWWS 1 Non—dlme_nsu;l'al cotfefflcu?nt usfed,;n @
ww representing X' as a function of w \
Q
. FXDUS 1 Non-dimensional coefficien s@ (for surface ships only)
X au inrepresenting X’ as a fun tion of Au’ p v
AN
, Non-dimensional coesf%\c?:snt used
be FXDU2S 1 in representing X" Q&a function of (for surface ships only)
AAu (Au")2 \
)
, Non—dingn@ional coefficient used
p FXDU3S 1 in repr.é3 ting X’ as a function of (for surface ships only)
AAAu FIQ@')
. }*’Un—dimensional coefficient used in
, epresenting X' as a function of
X FXDB2S 1 C)\\ b & (especially for submarines)
568 . 252
. B
-
N
O Non-dimensional coefficient used in
, C) representing X’ as a function of
X FXDR2S 1 (for surface ships only)
S5R O . P 252
n0 "R
AN
N\
Non-dimensional coefficient used in
, representing X’ as a function of ) .
X S2S 1 (especially for submarines)
N ?\ uls?
S
L
<
&; Non-dimensional coefficient used in
% FX representing X’ when angle of attack
0S 1 : ; : —
a drift angle 8, manoeuvring device
and plane angles are zero
XF XFO m Longitudinal position of centre of NY
pressure
Longitudinal position of centre of )
XG XG m gravity of the model (seeISO 13643-1)
Y FY N Lateral force (see IS0 13643-1)
aY
— Iy
Ypstat DYDPST Nrad-la — 2 V=0

from static test or calculation

© IS0 2017 - All rights reserved

13


https://standardsiso.com/api/?name=b5dbfbac5cac5795d42ff8d8546784f7

ISO 13643-6:2017(E)

Table 1 (continued)

Symbol CC-code

SI-unit

Concept

Term

Definition or explanation

Especially for submarines:
Y

p 2 2
—LV

2
whereY(uvwpagnrnv, w, p, g, r . ¢60)

Y’ FYS

Non-dimensional lateral force

©-
b(‘b/

©
N

For surface ships only:
Y

PLZVZ
-
2

where Y (Vo8G5 0. v, i b, 4 714

LN
</O

FYINS

4
In-phase part of non-dimensional

lateral force 5\0\‘\
(%)

+nT

'[ Y’ (t) sinwt dt

t

O

nT

FYOUTS

O
Quadrature part of %&imensional
lateral force A’\

t+nT

J‘ Y’ (t) cosot dt

t

2

nT

DYDPS

[uny

Y =Y0

DYDPTS

DYDP3TS

RS

g<~
DY ?\
L

[uny

Slope through zero of Y’ versus r’

N

") DYDRTS

DYDVS

Slope through zero of Y’ versus v’

DYDVTS

DYDPHIS

rad-1a

Y =Y0

14
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Table 1 (continued)
Concept
Symbol CC-code SI-unit
Term Definition or explanation
aY’ Yq)stat
DNDPDYS rad-1a — iy T
Yoayn a Y=Yy p 45 9
—LV
2
5 EVPOS 1 Non-dimensional coefficientusedin |
Pq TEPIESENtINE ¥ a5 a function ot p q /\
Q)
n? FYQRS 1 Non-dimensional coefficient used in (]9
qu representing Y’ as a function of ¢’ r’ 6 R
fa) /
b‘:)
};' FYRS 1 Non-dlme_nsmn,al coefflclgnt used in . | (for surfac s only)
r representing Y’ as a function of Fyo r' '\
X Non-dimensional coefficient used in %k)
Y | | FYRRAS 1 representing Y’ as a function of \
rir
i) K
Non-dimensional coefficient in
, representing Y’ as a functi
% FYRDDS 1 (for surface ships only)
résR F_r'§ 2 \\
n0 "R
)
Non—dimensioyr&@fﬁcient used in
-7 ti functi f
Y] s FYRADS 1 representing unctiono (for surface ships only)
o oo |7 SR
n0 ',
- A g
N N imensional coefficient used in . .
Yur FYURS 1 ‘@P esenting Y as a function of u' r’ (especially for submarines)
‘\\\
C) Non-dimensional coefficient used in
, N representing Y’ as a function of ) )
% FYURDDS ¢ (especially for submarines)
urd6R ) ors2
u’'r 5R
~O
O oo ” _
O . on-dlmensmnlal coefficient used in
! ting Y’ functi f
SR FYURA® 1 representing - asatunction o (especially for submarines)
il S ‘s
P
&
}}' ?‘ YUUS 1 Non-dlme.nswn’al coeff1c1e.>nt usecllzm (especially for submarines)
uu \40 representing Y’ as a function of u
&Q -
. Non-dimensional coefficient used in . .
% FYUUDS 1 representing Y’ as a function of u'2 6y (especially for submarines)
Non-dimensional coefficient used in
, representing Y’ as a function of ) )
% FYUUD3S 1 9 3 (especially for submarines)
uudSoR u’s
R
N Non-dimensional coefficient used in . .
Yuv FYUVS 1 representing ¥’ as a function of u' v' (especially for submarines)
Non-dimensional coefficient used in
- ting Y'as a function of
Y | |5R FYUVADS 1 representing fasafunction o (especially for submarines)
u|v| w| v BR
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Table 1 (continued)

Concept
Symbol CC-code SI-unit
Term Definition or explanation
N Non-dimensional coefficient used in .
Yv FYVS 1 representing Y’ as a function of Fpo v’ (for surface ships only)
N FYVQS 1 Non—dlme_nsmr}al coefflcu?nt usec[l 11,1 .
vq representing Y’ as a function of v’ q
, Non-dimensional coefficient used /\
v FYVRRS 1 in representing Y’ as a function of (for surface ships only) y\
vrr FhoVv'r'2 Q
nV
Non-dimensional coefficient used in Q) .
, representing Y’ as a function of (b/
YVH FYVRAS 1 NEECa — (bb‘
| r'|Alv  +w (b
v’ \
, Non-dimensional coefficient used U
v FYVVRS 1 in representing Y’ as a function of (for surf: e\\ s only)
vr Faov'2r' af\
o)
Non-dimensional coefficient used in <<
representing Y’ as a function of 4 Q
Y FYV3S 1 o |2 " \zfor surface ships only)
wv FnO v v +w KQ\
Non-dimensional coefflq@lsed in
N representing Y’ as a function of
Yv| v| FYVVAS 1 . = $ —
vialv T +w A’\Q)
O
?' FYVWS 1 Non—dlmﬁo}gal cotfefflatgnt usfe(’i 1n, o
w repres\&() g Y’ as afunction of v/ w
Cy
NS
. 9 Non-dimensional coefficient used
Y| SR FYVADS 1 § representing Y’ as a function of (for surface ships only)
[ Nt
7~
N FYWPS Q Non—dlme_nsmr}al coefflcu?nt usedlml .
wp % representing Y’ as a function of w' p
A
<~
L FYWR Q§ 1 Non-dime_nsior}al coeffici(?nt used,ir} -
wr representing Y’ as a function of w' r
Q)
<
o S@Y Non-dimensional coefficient used in .
Yau & DUS 1 representing Y’ as a function of Au’ (for surface ships only)
|~
%)
N4 Non-dimensional coefficient used in .
LN FYDUVS 1 representing Y’ as a function of Au’ v’ (for surface ships only)
i Non-dimensional coefficient used
Y FYDU2S 1 in representing Y’ as a function of (for surface ships only)
AAu (Au")2
, Non-dimensional coefficient used
Y FYDRS 1 inrepresenting Y’ as a function of (for surface ships only)
SR Fno26R
Non-dimensional coefficient used in
, representing Y’ as a function of
v FYDR3S 1 (for surface ships only)
Yssor Foogl
nO2 R

16
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Table 1 (continued)
Concept
Symbol CC-code SI-unit
Term Definition or explanation
Non-dimensional coefficient used in
Wt FY0S 1 representing Y’ when angle of attack |
YO a, drift angle f, manoeuvring device,
and plane angles are zero
" Non-dimensional oscillatory 1ateral
y¢ FYOPHS 1 motion coefficient /\
N
Z FZ N Normal force (see IS0 13643-1) (]Q
Vi
\4
Especially for suh‘r!jﬁnes:
o
p
—L
vhse.?eZ(u,v,w,p,q,r, VoW, b |, $,6)
< P
A FZS 1 Non-dimensional normal f@
\\ For surface ships only:
Q)s\ ?
& p
$ Ly A z
. Q) 2
A\ where Z (Vo, Au, v, w,p, q,1, v, w, p, 4, F,¢,0)
b
C)\\ t+nT
’ . In-phase part of non-dimensional 2 )
Z FZINS 1. normal force — Z'(t)sin ot dt
nT
Q ‘
O S') t+nT
’ Quadrature part of non-dimensional | 2 ,
Z ot FZOUT\S% 1 normal force — Z’(t)cos ot dt
S ”
) t
N
, 7z’
DZDQS 1 Slope through zero of Z' versus q’ a_
Z 40 g ,
! v\s a’ Z'=%g
%) DZDQTS 1 — L
9q 20
, 7’
7 DZDWS 1 Slope through zero of Z’ versus w' 8_ | »
w ow’ Z'=Z
w 0
, oz’
7. DZDWTS 1 — R o
v ow’ Z'=Z
L FZPPS 1 Non-dimensional coefficientused in |
op representing Z' as a function of p'2

© IS0 2017 - All rights reserved
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Table 1 (continued)

Concept
Symbol CC-code SI-unit
Term Definition or explanation
N Non-dimensional coefficient used in
pr FZPRS 1 representing Z' as a function of p'r’ |
N FZQS 1 Non-dimensional coefficientused in |
Zq representing Z' as a function of u’ q’
N Non-dimensional coefficient used in /\
r FZRRS 1 representing Z' as a function of r'2 - '\
N
o
L FZUUS 1 Non-dimensional coefficientusedin | ’
uu representing Z' as a function of u"2 b:b
(2
(bv
N4 FZVPS 1 Non-dimensional coefficientusedin | '\
w representing Z' as a function of v’ p’ O
. \G)
. FZVRS 1 Non-dimensional coefficient used in Os\
A : ’ . ro |
vr representing Z' as a function of v’ r Q
4 4
N Non-dimensional coefficient used 1
ZW FZWS 1 representing Z' as a function OfK@\% -
£
Non-dimensional coefflc%hmsed in
representing Z' as a flgti of
Zw|q| FZWQAS 1 w’| q’ | ' ,KQ) —_
v T rwd
| w’ | ,\O
Non-dj ional coefficient used in
, rep, ng Z' as a function of
7 FZWWS 1 —
ww ., ‘2 2
‘\| w’ | +w
@)
Non-dimensional coefficient used in
L C) representing Z' as a function of
A FZWWAS B —
W| W| 0 ‘2 2
% wilv T +w
V\
2” FZWAS <> 1 Non-dimensional coefficient used in
|W| representing Z' as a function of u'|w’|
S
Non-dimensional coefficient used in
, representing Z' as a function of
7 FZDBS 1 —
ZgB ﬁ& 2
0 u op
N FZDSS 1 Non-dimensional coefficientused in |
5 representing Z' as a function of u'2 &s
Non-dimensional coefficient used in
L FZ0S 1 representing Z' when angle of attack |
ZO a, drift angle 8, manoeuvring device,
and plane angles are zero
z Z m Normal position (see IS0 13643-1)
Z 7F0 m L\Il:)rremal position of centre of pres- -K/Y

18
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Table 1 (continued)
Concept
Symbol CC-code SI-unit
Term Definition or explanation
Normal position of centre of gravity
zG G m of the model (see SO 13643-1)
Z0A Z0A m Reference height —
a ALFA rada Angle of attack (see1S0 13643-1)
B BET rada Drift angle (see IS0 13643-1)
l:\u D‘V'X Iars + oSuUurgtc VC:ULil_y u—ug)
Au’ DVXS 1 Non-dimensional surge velocity Au/Vp
6B ANB rada Bow plane angle (see IS0 13643-1)
R ANRU rada Manoeuvring device angle (see1SO 13643-1)
8s ANS rada Stern plane angle (see ISO 13643-1)
Os TRIMS rada Trim angle (see1SQ 13643-1)
6o THOPMM rada Amplitude of pitch oscillation -
va VKAI m2s-1 Kinematic viscosity of air N
PA RHOAI kg m-3 Air density —
p RHOWA kg m-3 Water density —
bs HEELANG rada Heel (bank) angle (see IS0 13643-1)
bo PHOPMM rada Amplitude of roll osgillation —
P PSIH rada Heading (see IS0 13643-1)
PWR PSIWREL rada Relative wiird direction (see1SO 13643-1)
Yo PSOPMM rada Amplitude of yaw oscillation —
3} OMN s-1 Anguilar velocity 2w /T
a For angles, the unit ° (degree) may be used:
b The unit kn, common in navigation, may-be used.
5 |General test conditions
In addition to the general test conditions outlined in ISO 13643-1, the following specific test|conditions
shal]l be complied with.
For[submarine.model tests, surface and bottom effects shall be excluded by the use of suitablg measures.
6 |Test’6.1 — Planar motion test

6.1 General
The general test conditions outlined in ISO 13643-1 and Clause 5 shall be complied with.

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

In the case of submarines, usually two struts oscillating vertically are used to tow and oscillate the
model. Two modes of attachment are used for the tests designated as vertical-plane orientation and
horizontal-plane orientation. For the vertical-plane orientation, either one strut is attached to the
upright model through the sail or two struts are attached to the inverted model to avoid interference
between the struts and the sail. For the horizontal-plane orientation, the model is rotated 90° and the
struts are usually attached through its side. Support by one strut from the aft is also possible.
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During sway tests, and submarine roll tests, the following data shall be measured:

moment about 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 M;

— normal force Z.

In surface phip model tests, the Froude number, F;,09, which scales the influence of surface waves, shall
be identicdl for model and full-scale. Reynolds number, Ryo, which scales the effect of viscosity, cajnot
be matchefl; it shall be ensured that the scale model attains fully turbulent flowr(Supercritical Rno).
Turbulencg stimulators near the bow can be used as necessary.

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

For surface
models, th

ship models, the model mass, m, corresponds to the displacement volume, V . For subma
e ballast should be adjusted both in quantity and location to establish a condition of ne

Fine
al

r
buoyancy and level trim. It is difficult to establish an exact condition of neutral buoyancy. There?‘t)re,
the exact npodel mass condition (negative or positive buoyancy)\is determined by means of an inclifing
test, wherg the change of the axial force with the trim angledsequal to the excess of buoyancy.

The stabili
the centre
or by calc

s of
ills)

[y derivatives Ypstat, Kpstat, and Ngstat, and for;submarines also Mgstat, and the coordinatg
bf gravity xg and zg are determined experimentally by performing inclining tests (standst
ation.

fion
\ces

The model moments of inertia Iyy, Izx, and Iz, and for submarines also Iy, are determined from oscilla
tests perfofmed in air. In the case of submarines, all apertures in the model are sealed and those sp4
within the model which will subsequently be free flooding in towing tests are filled with water.

In the linepr theory of small departures from steady reference motions of submarines and surface

ships, it is standard practice to employ the idea of hydrodynamic derivatives. These derivatives pefmit
the magnitjudes of fluid forcesaind moments to be specified. The derivatives referred to in the maritime
literature fhave invariablycbeen “slow motion derivatives” which serve to determine the vessgel’s

hydrodynamic stability fér)small motions about y- and z-axes.

The theory of the planar motion technique is recast in terms of oscillatory coefficients since they|are
more appropriateforuse where the planar motion mechanism is concerned. Oscillatory coefficients|are
frequency dependent. If the frequency of the oscillatory motion is made very small, they approxinjate
slow motignderivatives.

The planar motion mechanism (PMM) is essentially a device for oscillating a ship or submarine model
while being towed in a tank. The mechanism allows separating the motions of a body moving through a
fluid into the pure rotations about y- (or z-) axis and pure translatory motions in the direction of z- (or
y-) axis. Combined motions can also be generated. The differential equations of motion referred to a
moving body axis system are used to establish a direct and explicit relationship between the various
rotary and acceleration derivatives and the measured in-phase and quadrature parts of the forces and
moments. The linear force and moment equations describing the body motions with respect to the
initial equilibrium conditions can be written as:

20 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=b5dbfbac5cac5795d42ff8d8546784f7

ISO 13643-6:2017(E)

Lateral force:

4 4 3 3
_|pPL .| pLt . pL” - pL
Y = Y mx. |r+ —2 Y!-)+mz p+—2 YpV0p+ —2 Y —m Vyr+

2 G G
i 2 (0
p ’ o PL 2 2
— p—m v+ 5 (YVv+Y Vs +Y¢dynV0¢)+Y¢stat¢
Moment about x-axis (if model is restrained in heel during sway tests or for roll tests):
/le: A /'DLE A} lel /pL/l A}
K :LT = Jp+LTKr- A1, Jr+TKpVOp+[TKr —mzg JV0r+
H 3 (2)
PL - PL 2
K. ptmzg v+ 5 (K Vv+K Vo +K¢dynV0¢)+K¢stat¢
Moinent about z-axis:
5 5 4 4
| pL” - pL” . pL* pL* ¢
N=|— _IZZ r+ TNp+IZX p+TNpVOp+ TNr—mXG V0r+
! e (3)
p ’ p
T ‘}—me V+TNVV+N V +N¢dynVO¢)+N¢stat¢
For|submarines, the following additional equations are tsed.
Normal force:
14 3 . 13 12/, F
Z=|P 7 vmxg |g+ pTZW_m Wt pTZq+m V0q+pT(ZWVOW+ZOVO ) )
Moinent about y-axis:
5 4 4
L . L ’ . L ,
M = pL M +I q-+ pTMw+me w+ pT g ~MXg Voq +
X (5)
PLZf5 12
> (MWV0W+M0V0 Mepstat
Norjlinear dependericies or their respective derivatives shall be taken into account, especjally in the
cas¢ of numerical simulation of arbitrary manoeuvres employing suitable mathematical [simulation
alggrithms, Terms which do not involve accelerations or angular velocities (in the equation$ of motion
quoted Y' ) Y, ,and Y" ‘ ) are obtained both in character and values directly and more reliably from an
obligue towing or flow test (see Clause 8). Terms which 1nvolve angular velocities other thpn angular

motion about x-axis (in this case Y Y , Y Y  and Y ‘ ‘ ) are obtained both in character and value

wr’ “qr’

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

NOTE The type of nonlinear derivatives or coefficients largely depends on the mathematical simulation
algorithm to be used.

6.2 Description
After adjusting the specific test parameters, such as
— 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
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oscillation period, 7, with corresponding angular velocity, w

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 impoxftant that the oscillatory motions ol the model are satisiactory approximations to simple
harmonicsfand that the frequency is low enough for a proper approximation of oscillatory coeffici¢nts
to slow moftion derivatives.
Certain planar motion systems can be driven with more complex trajectories which aim’at spegific
nonlinear ferms.
6.3 Analysis and presentation of results of a planar motion test
6.3.1 Tests in the horizontal plane of motion
Figure 1 — Planar motion mechanism with the model in horizontal plane orientation
If a small s|nusoidal lateral motion-‘is superimposed to the forward moving model by setting
a (t) =la,sinotandy, (t) =y, =0
the followihg derivatives can be determined:
YV = + mn [6)
2
§L3 o“ayL
2
%4
0 =0
: Y’
_ out
Y, =- (7)
wa,
%4
0 =0
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and

Thd
dim
due
yiel

NOT
be |
deri

., mx N’
N, = A 2‘“ (8)
P4 o a,L
2 /2
0 =0
Al\r;ut
N, =-—2 9
wa,
%
0 =0
if the roll moment were measured:
., mz K.
K,=-——5+ i (10)
P4 w“a,L
2 V2
0 =0
K
_ out
K, =-——2 (11)
5 oa,
%
0 =0
in-phase and quadrature parts of'force and moment are plotted against the corresponding non-

E Where results. aré available from an oblique towing or flow test (see Clause 8), these v
referred because these are the simplest, most direct experiments which can be carried out t
vatives concernedand are inherently more reliable.

ensional amplitudes of motion ‘parameters a)zaoL / VO2 and wa, /V,, respectively, yhich vary

to changes of angular velogity, w, speed, Vp, or amplitude, ap (see Figures 2 and 3). Lineaf curve fits
d the slopes of the curves‘used to determine the hydrodynamic derivatives.

hlues are to
obtain the
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Y in-phgse parts of non-dimensional lateralfoxce, roll moment, and moment about z-axis coefficients
Figure|2 — Variation of in-phase parts of non-dimensional lateral force, roll moment, and
momijent about z-axis coefficients with non-dimensional linear acceleration amplitude
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gure 3 — Variation of quadrature parts of non-dimensional lateral force, roll mom
moment about z-axis ceefficients (90° out of phase with respect to movement) wit
dimensional linear velocity amplitude

small sinusoidalrotation about z-axis is superimposed on the forward moving model by

a(t =YgV, coswt
17 t) =y sinot

ents 90° out

ent, and
h non-

setting

the

following derivatives can be determined:
, mx oY,
_ G in
" P 4 ’ 2y 12
Ly § oy, L
2 Jd
V 2
0 =0
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’ m aY, t
Y, = - ou (13)
P 3 oy,L
2
%
0 w=0
A ON.
N = 14)
_:_ 15 oy, L
i 2
vV
0 =0
. hx N’
G t
Nr = — ou 15)
P4 3 oy,L
Vo
w=0

and if the noll moment were measured:

, I oK.
_ | Tz in -
K. = o + — 16)
L 3 0] l//OL
2
74
0 =0
, |mz oK.
_ G out
Kr - | _ . 17)
P4 (ORV
2 J| ——
Vs
=0

The in-phdse and quadratire parts of force and moment are plotted against the corresponding non-
dimensional amplitudes’of'motion parameters a)zl//OL2 / VO2 and oy L /V,, respectively, which yary
due to chamges of angilar velocity, w, speed, Vo, or amplitude, ¢ (see Figures 4 and 5). Linear curve|fits
yield the slppes of:thé curves used to determine the hydrodynamic derivatives.

NOTE urvature derivatives may be expected to be more accurately obtained from the planar motion test fhan

from the cir"'""‘ motiontact fcaa Clavuica N aoudnatatha lmitad radinie af tiipn 3£ vt g apn o cindlaric e d
St O H Ot 558 - rad S e~ WiE+to-trerHi e aFaaid S ot aFettat i S ar - o SH =S uSsEd.
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Figure¢ 5 — Variation of quadrature parts of non-dimensional lateral force, roll moment,
and moment about z-axis coefficients (90°out of phase with respect to movement) with non-
dimensional angular velocity amplitude

6.3.2 Tejts in the vertical'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) = aosina)tande (t) =0,=0

the following derivatives can be determined:

Zw = + Vv n (18)
F 3 w°aylL
2 J o
0 =0
: 9z,
t
7, =———out (19)
5 oa,
%
0 =0
: m x oM,
P 14 (x)zaoL
2 0
V 2
0 w0=0
: oM.
M, = - (21)
3 wa,
%4
0 =0
The in-phase and quadratureé parts of force and moment are plotted against the corresponding non-
dimensional amplitudes ef motion parameters a)zaoL/VO2 and o a, / V,, respectively, which vary
due|to changes of aigular velocity, w, speed, Vy, or amplitude, ap (see Figures 2 and 3). Lineaf curve fits
yield the slopes of'the curves used to determine the hydrodynamic derivatives.
If a fmall sintispidal rotation motion about y-axis is superimposed to the forward moving moddl by setting
a(t) =0,V cosot

0 (t) =0, sinot

the following derivatives can be determined:

, m x oz
Z. =G n (22)
! P 4 (1)290L2
2 J| ———
V.2
0 0=0
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se and quadrature parts of force and moment are plotted against-the corresponding j

h] amplitudes of motion parameters w290L2 /VO2 and w 6 L /¥, respectively, which vy

hges of angular velocity, w, speed, V, or amplitude, 8y (see.Eigure 7). Linear curve fits y]
of the curves used to determine the hydrodynamic debivatives. A linear curve fit of

Mestat

p

2

inst »”1? /v,? yields both of the slow motion derivatives and M), (see Figurg

3,2
L'v,

11d correspond with the value found by the tare test and should equal gmG_M of the mod¢

23)

(24)

25)

jon-
ary
ield
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30

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=b5dbfbac5cac5795d42ff8d8546784f7

ISO 13643-6:2017(E)

0,03

0,025 /

ad

0,02 ’/

0,015 e

Key

6.3

0,01 ‘////////,,
0,005

M gstat 0 /
(p/ DLV ﬁ/
0,005

0 5 10 15 20

w2L2/Vy2
non-dimensional oscillatory coefficient about y-axis 1\;1:9

length scale of M, axis

arctan| —M"
length scale of w*L* / VO2 axis

igure 7 — Plot of non-dimensional oscillatory coefficient about y-axis M o against ¢

3 Tests for angular motion about x-axis (roll)

TN -
‘E%E_'O ’V@ddx

K(t) ¢ysinwt
Y(®)
}

25 X

212/V,2

Figure 8 — Planar motion mechanism with a submarine model prepared for the determination

of roll coefficients

For roll motion tests, submarine models have to be mounted in the horizontal mode position (see Figure 8).
The displacements of the model mountings are held fixed while the model is towed down the tank.
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The imposed rotation is such that

¢(t) = pysinrt

and we get
v Y¢Stat _mzg w212 _yi_n_ Y¢Stat vy w212 : ot 6
¢P22_P4V2¢ p22_¢’dY“PV2 Py
EL Vo =L 0 0 L, 0 0
: oY,
Y = out 27)
P 3 ® ¢ L
%4
0 =0
I%, _ K¢Stat IXX a)zL2 Km K¢Stat —K/ K’ a)sz K.’.. otk N -
¢ p3 2_ p5 VZ ¢ p3 2 ¢dyn pVZ pV
LV, L Vo 0 Lv, 0 0
: K
K =4 out 29)
P 3 o ¢, L
%4
0 =0
N’ _ N¢Stat IXZ (DZLZ Nln N¢Stat ® Nl ’ wZLZ +N, 604L4 N 30)
o P 3., 2 PSVZ o p32_¢dyn pVZ pV4
Trvyt S e 0 DL 0 0
: N,
N =4 out 31)
P 3 o ¢,L
%4
0 =0
<> - Y -, K -, N
Linear curpe fits (see*M, in Figure 7) of Yq) _gstat , K(p _gstat ,and N, — gstat plotted
P 12,2 P .3, 2 P .3y 2
EL Vo =LV, =L,
against w2[L2/Vy?2 yield the slow motion derivatives Y#;d]“, Yy K.;d,,.' KH N;A,d!“,and NH Yipsrat, Kdstat,

and Ngstat 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)

Designation of a planar motion test in the horizontal plane (H) according to ISO 13643-6 (6), Test 1 (1),
conducted at a model towing speed Vy = 3 m s-1 (03), an oscillation period T = 6 s (06), a model sway
amplitude a, = 0 mm (00), and a yaw amplitude 1o = 5°(05):

Planar motion test ISO 13643 - 6.1 x H/03/06/00/05
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2 Designation of a planar motion test in the vertical plane (V)

Designation of a planar motion test in the vertical plane (V) according to ISO 13643-6 (6), Test 1 (1),
conducted at a model towing speed Vy = 3 m s-1 (03), an oscillation period T = 6 s (06), a model heave

amplitude a, = 10 mm (10), and a pitch amplitude 8¢ = 3° (03):

6.4.

Desi

con
am

7.1

Bes
con

Dur

Forl

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

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

ucted at a model towing speed Vy = 3 m s-1 (03), an oscillation period T = 6 s (06)
litude 1o = 5° (05):

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

Test 6.2 — Circular motion test

General

ides the general test conditions outlined in ISO 13643-1 and €lause 5, the following s
ditions shall be complied with.

The ship model is fixed to the cantilever of the rotatihg arm or other circular motion
suitable force-sensing and towing device. For surface ship manoeuvring simulation in
degrees of freedom (x, y, 1), ensure that the shipmodel is free to trim, heave, and possib

To a certain extent, circular motions may be génerated by means of an xyi-carriage in a td

In surface ship model tests, the Froude.number, F,p, which scales the influence of surf
shall be maintained between model and full-scale surface vessels. As Reynolds number,

Test 1 (1),
and a roll

becific test

levice by a
only three
y heel.

wing tank.

ace waves,
Rno, which

scales the effect of viscosity, cannetbe matched, it shall be ensured that the scale model afttains fully

turbulent flow (supercritical R{p); Turbulence stimulators can be used near the bow as 1

To avoid measuring errors;.0nly one full rotation per test (including the acceleration ph
be conducted with the rotating arm or other circular motion device.

ing the test, the following data are to be measured:

tests with circtlar motion about z-axis

roll moment K (if heeling is restrained);
miement about y-axis M (for submarines only);

moment about z-axis N;

ecessary.

hse) should

For

longitudinal force X;
lateral force Y;
normal force Z (for submarines only).

tests with circular motion about y-axis (for submarines only)

moment about y-axis M;
longitudinal force X;

normal force Z.
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7.2 Description

After adjustment of the specific test parameters, such as circular motion radius, R, heel angle, ¢s, trim
angle, 6s, drift angle, § and plane angles Og, 6B, and 6s, the ship model is force-towed on a circular
path at a constant speed Vj leading to the steady ship-fixed velocities p, g, r; u, v, w. Instead of u, the
speed ugp + Au also can be used in the equations of motion with a corresponding splitting into single
coefficients, ug will be selected as appropriate. This is used only for surface ships for which, usually, the
values of the coefficients vary with the Froude number.

The propeller revolutions are to be set according to the corresponding self-propulsion point of the full-
scale ship or the model. In order to remove the component due to gauge zero, offset, and buoyancy, the

tare value
leaving onl

7.3 Anal

hppropriate to the gauge and the attitude of the model is subtracted for the gauge readi
y the component equal and opposite to the hydrodynamic force or moment on the model

lysis and presentation of results of a circular motion test

After deduction of the inertial effects, the measurement data are mostly plotted,non-dimension|

as a funct]
(see Figurd
case of suh
hydroplang

The non-d
curve-fitti
dimension
dimension
curvature
Clause 6) 0
that unless
rate of turl
are availalf
of the first
necessarily
the lineari
order coeff
this is take

The nonlin|
manoeuvré
Z'g,and M,
towing or

about z-ax
such as de
simplified

on of the parameters angular velocity, drift angles, and/or manoetvring device an
s 9 to 11 tests with circular motion about the z-axis at different @dpift angles) and in
marine tests with circular motion about the y-axis as a function.aPangles of attack ang
b angles.

mensional coefficients used for general computer simulation studies are determined
hg the test data with appropriate equations in accordanée with standardized methods. N
h1 curvature and control derivatives are determined from the slope through zero of the 1
h]l curves of force or moment versus the different non-dimensional test parameters. TH
Herivatives may be expected to be more accuratelyobtained from the planar motion test
wing to the limited radius of turn available if airotating arm or equivalent is used. It is fo
the rotating arm values lie on a straight-line when plotted non-dimensionally against
L, it is impossible to define the slope at zero turn precisely. Acceleration and roll derivat
le experimentally from the planar motien test only. It should be emphasized that the va
order coefficients that are associatedwith curve fits to the force and moment curves are
r equal to those customarily used for the corresponding stability and control derivative
ved equations of motion. However, the standard notation often used to describe these f

n into account by different symbols and terms.

ear derivatives shallbe‘taken into account in the case of numerical simulation of arbitr
s employing suitable mathematical simulation algorithms. The linear derivatives Y',, K'y,

[low test (see)Clause 8) serve to determine the vessel’s dynamic stability for small mot
s and y-axis-"However, the derivatives may also be used in specialized simulation stu
sign studies of automatic course keeping and/or depth keeping control systems, whe
mathematical model is entirely adequate.

The type o

hgs,

ally
bles
the
| /or

by
on-
jon-
ese
see
und
the
ves
ues
not
S in
rst-

icients is the same as that used for the corresponding stability and control derivatives. Here,

ary
N’r;

, together with-thie respective results of the planar motion test (see Clause 6) and/or oblique

ons
lies
e a

f'rionlinear coefficients largely depends on the form of mathematical simulation algori

Thm

to be used. The coefficients listed in Clause 4 shall therefore only be regarded as reference data for an
appropriate test evaluation. For submarines in deeply submerged condition, the results are independent
of the Froude number and forces and moments can be determined as a function of the longitudinal
velocity, u. For surface ships, the hydrodynamic coefficients are determined for the Froude number
belonging to the model speed, Vj, and instead of u, the surge velocity, Au, is normally used in the force
and moment equations. Therefore, there are differences in the coefficients sets used for surface ships or
submarines which has to be taken into account when choosing coefficients from Table 1.

7.4 Designation of a circular motion test

Designation of a circular motion test according to ISO 13643-6 Test 2, conducted with the reference
axis z (Z), a model reference speed Vo = 3 m s-1 (03), a circular motion radius R = 10 m (10), a drift angle
B =10° (10), and a manoeuvring device angle 6r = 20°(20):
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