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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 needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2. www.iso.org/directives
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Ships and marine technology — Manoeuvring of ships —

Part 5:
Submarine specials

1
Thi

evidlence about the manoeuvring ability in the vertical plane of submarines and models- It is

be 1

2
The
ind
refd

ISO
and|

3
For

3.1

Scope
5 part of ISO 13643 defines symbols and terms and provides guidelines for the conduetof't

ead in conjunction with ISO 13643-1.

Normative references

following documents, in whole or in part, are normatively referenced in this docume

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

Terms and definitions

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

me

manoeuvring test to establish a submarine’s manoeuvring characteristics and to verify the s
dynamic stability in the verticalplane

3.2

vertical overshoot test

ma
cha

3.3
ney

ma

ma]xoeuvring test to determine the trim angle and the hydroplane angles at which the

nder test

oeuvring test to determine the effectiveness of the stern planes when initiating and t
hges of depth

tral level flight test

ntainga constant dived depth at any given speed during submerged operation

Psts to give
ntended to

nt and are

spensable for its application. For dated references, only the~edition cited applies. For undated
rences, the latest edition of the referenced document (including any amendments) appligs.

wn

quantities

ubmarine’s

brminating

submarine

Not

3.4

p 1-t0 entry: Neutral level flight is obtained

for submarines with retracted bow planes by using a definite trim angle and a definite angle of stern planes, and

for submarines with non-retractable bow planes, by using definite angles of the bow and stern planes for

arbitrary trim angles (preferably 85 = 0°).

critical speed test
manoeuvring test to determine the speed at which the effect of the hydroplanes is reversed during
submerged operation

© IS0 2013 - All rights reserved
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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

CC- . Concept
Symbol SI unit — -
code Term Definition or explanation
ai - rad m2s-2a |Coefficient For regression approximation
az - m2 s—2 Coefficient For regression approximation
b1 - rad m2 s-2a |Coefficient For regression approximation
by - m?2 s—2 Coefficient For regression approximation
. . Ratio between damping constantIn2/ty, and
Ce CCR 1 Damping ratio eigenfrequency 2m/Tp of the undamped oscillatjon
c1 - rad m2 s-2a |Coefficient For regression approximation
d1 - rad m2 s-2a |Coefficient For regression approxination
Fy FVC N Vertical force —
MA MAX - Main axis (See ISO 13643-1)
Mt MYT Nm Trim moment —
Period é6fithe damped oscillation,
T TIP S Period of oscillation
average of times [ta(i+1) - tai]
To TIPO S Period of oscillation |Period of the undamped oscillation
For meander test:
Times to achieve the trim amplitudes, 6;,1= 1,2,
ta TIA S Response time 3, ...
For vertical overshoot test:
Time to change trim angle by Afg
te TIC s OveFshoot time Tllme from_ putting the stern plan-es into the opgo-
site direction until reaching maximum trim angle
Time from putting the stern planes into the
tt TIT S Levelling-off time opposite direction until reaching maximum deyjth
change
. Time elapsed before the envelope of time-depernd-
b TI05 s Time to half-value ent trim variation has decreased by half
Ver VCR ms-1b Critical speed Speed at which the effect of the hydroplanes is
reversed
%3 VE ms-1b Final speed Speed at the end of test (run)
Vo VU ms=tb Initial speed ee IS0 15645-1)
o For neutral level flight and vertical overshoot test:
. -1b
Voi Vol ms Initial speed For individual runs of the test
Vom VOM ms-1b Mean test speed —
Vertical coordinate in the earth-fixed axis system
Z0 Z0 m Dived depth of the origin of the submarine (see ISO 13643-1,
Table 2) at any given time
200 700 m Initial dived depth At the commencement of the test (run)
a  For angles, the unit ° (degree) may be used .
b The unit kn, common in navigation, may be used.

© ISO 2013 - All rights reserved
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Table 1 (continued)
CC- . Concept
Symbol SI unit
code Term Definition or explanation
ZoF DZDTF ms-1b Rate of depth change |When constant trim angle, Of, has been reached
Response depth Change of depth relative to zgg when trim angle is
AzoE DZOE m change changed by Afg
Final change of dived |Under steady final conditions, only defined for a
Azor DZOF m depth dynamically stable boat
Akom DZ0OM m L‘ﬁ:ﬁgleng_()ff depth Maximum change of depth, relative'tozo + Azog
Test stern plane Relative to dsp; if necessary, afi-equivalgnt stern
Nbsi DANSI rad a ancle p plane angle shall be given, eig for submprines with
8 X-planes: % (Abai1 + Adaig # Adai3 + Adal4)-
For meander test:
Ok - 050
Specified changeoftrim angle relative o Osp at
which the sternplanes are returned to their initial
settings &
A6x DTETPE rada E)fecute change of 8S 950
trim angle For vertical overshoot test:
Ok - €30
Specified change of trim angle relative o 859 at
which the stern planes are applied in the opposite
direction (Js;)
)] ANB rada Bow plane angle (See ISO 13643-1)
For meander, vertical overshoot, and critical speed
Initial bow,plane tests:
angle Bow plane angle at the commencement pf the test
qBo ANBO rad s (valid for neutral level flight)
Bew plane angle for .
neutral level flight Result of neutral level flight test
5 ANS rad @ Stern plane angle (See ISO 13643-1)
Angle of stabilising . . . "
dsx ANSX Ada fin or of the fixed Relative to the horlz.ontal plane in MA, positive
when leading edge tilts upwards
post of a stern plane
Angle of stabilising
fin or of the fixed
dx0 SNYAD rad? post of a stern plane, o
for neutral level flight
Test stern plane Relative to 8sg; if necessary, an equivalgnt stern
D ANSI rad a s P plane angle shall be given, e.g. for submfrines with
S X-planes: % (8ai1 + Oai2 + Oai3 + Oai4a)-
For meander, vertical overshoot and critical speed
Initial stern plane test:
angle Stern plane angle at the commencement of the test
(valid for neutral level flight)
450 ANSO rad a

Stern plane angle for
neutral level flight

Result of neutral level flight test:

If necessary, an equivalent stern plane angle
shall be given, e.g. for submarines with X-planes:
Y4 (6401 + 6402 + 6A03 + 6A04)-

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)

CC- . Concept
Symbol SI unit
code Term Definition or explanation
. . Absolute value of the respective extreme 04, i=1,
O TRIMSA rad? Trim amplitude 2,3, ... of the change of trim with reference to 69
Ok TRIMSE rada Execute trim angle Oso + AOE
0 TRIMSF rada Trim angle at the end |Constant trim angle for the respective hydroplane
F of run settings
Os I'RIMS rad4 Irim angle (5ee I50 15643-1)
P TRIMSS rada Overshoot anele In the vertical plane after applying the stexn
R 8 planes in the opposite direction
For meander, vertical overshoot, and critical spged
tests:
Initial trim angle
Trim angle at the commenceniént of the test (vallid
6s0 TRIMSO rada for neutral level flight)
Result of neutral level flight test:
Trim angle for neu-
tral level flight Trim angle at which-the submarine maintains a
constant dived dépth

a  Forangl

b The unif

es, the unit ° (degree) may be used.

kn, common in navigation, may be used.

5 Gene

In addition
shall be co

— During
at suit

— The supmarine shall be trimmed according to the results of the neutral level flight test (see Claus

— Dived
surfac
exclud

— The bag

— There
test. U

6 Test?

6.1 Description

ral test conditions

b1-— Meandertest

w plane angle‘shall remain unaltered.

to the general test conditions outlined in [S@ 13643-1, the following specific test condit
mplied with.

the test, including the approach phase, each successive position of the ship shall be recor
hble time intervals (usually every Second).

depth and water depthshall be sufficient (a clearance of at least one boat’s length to
e and to the bottom shall be maintained). For model tests, surface and bottom effects sha
ed by the use of suitable measures.

Khall be no, felocation of mass (e.g. due to movements of the crew) during the conduct of
havoidable€ shifts of mass are to be compensated and recorded.

ons
ded
E 8).

the
1 be

any

A series of tests for different initial speeds must be conducted since damping and time constants of the
motion of the submarine are speed dependent, and a boat that proves to be stable at low speeds may

become unstable at higher speeds.

For safety reasons, the series of tests shall be commenced with a low initial speed, V.

The submarine shall approach on a steady speed, Vp, before commencing the test. During the test,
the propulsion plant settings must remain unaltered and the heading kept as constant as possible.
Heading and rudder movements shall be recorded throughout the test (ideally, at intervals of 1 s). If the
submarine is equipped with planes acting simultaneously in the horizontal and the vertical directions

4
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(e.g. X-planes), these planes should be controlled in such a way that a steady heading is maintained as a
matter of priority.

After the submarine has been moving ahead for at least two minutes without significant movements of
rudder and planes, the stern planes are set to the specified test stern plane angle, Ads;, as fast as possible
and must be held there until the trim angle has deviated from the initial trim angle, 859, by the specified
execute change of trim angle, AGg. At this point, the stern planes are reversed to the initial position and
held until the test is completed.

The stern plane impetus moves the submarine from its equilibrium condition. Test stern plane angle,
Adsj, and execute change of trim angle, AGg, shall be selected in such a way that the stern plane impetus
actg as quickly and powerfully as possible, and the submarine has at least three measyrable trim
amplitudes, 64, in the case of a subsequent oscillation. Only data after completion of the 'simulation are
to be evaluated.

Becpuse of the stern plane impetus, the submarine turns about its transverseaxis and, iph doing so,
chapges its trim and dived depth in the direction in which the planes were acting*Submarinef with high
danpping approach a different dived depth without oscillation about the transyerse axis. If the damping
is Ig¢ss, the submarine starts to oscillate about the transverse axis. As long as the oscillation fis damped,
the|submarine is stable and approaches a different constant dived depth-On the other hand]if the trim
amplitude, 84, increases, the submarine is dynamically unstable. The niean dived depth may]alter also.

If the submarine demonstrates pronounced instability, the fest is to be stopped immeldiately for
saf¢ty reasons.

© IS0 2013 - All rights reserved 5
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1 Vo = 14,0 kn, Ads; = 2°, Ak = 2° (boat dynamically 6 supercritically damped
unstable)
2 Vp=6,0 kn, Adsj = 23°, AGg = 10° (boat dynamically 85,05 ipo
unstable)
3Vp =39 kn, Absj = 23°, AGg = 9° (boat supercritically ¢ ins
damped)
4 dynamically unstable Z0 in m
5 dynamically unstable

Figure 1 — Time history
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6.2 Analysis and presentation of results of a meander test

6.2.1 Evaluation for subcritical damping

The following data are obtained from the test:
In (O / Op1) 4

0 E\\
e T\‘\_\\/ 1
-4 tas

_6||||||||||||||||||||ITT>$'\|‘-..,_>

0 50 100 150 200 250 300 350 400
t
— |mean test speed Vom
— |trim amplitudes Opi,i=1,2,3,..
— |response times to reach the trim amplitudes, O4; ti=1,2,3,...
— |period of oscillation T
— |time to half-value t1/2
— [final change of dived depth Azgp
Key
[ | test with Vo = 6 kn
—1 linear least square fit for Vp = 6 kn
1 slope = - (In2)/ t1/2

ins

o~

Figure 2 — Evaluation

6.2)2 Damping ratio

Theg damping ratios shall be plotted against the mean test speed, Vo, as shown in Figure 3.

1

2
27 ty, 1
T In2

C. =

C
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Key
A tes

Vom in

[« ]

t results

kn

\ 8]

NS

@)
e o]
H
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H
np
H
NS

culated from hydrodynamic coefficients

Figure 3 — Damping ratio

6.3 Evaluation for supercritical or high damping

The follow
— meant
—  time tqg

— final c}

At supercr]
stern plan
after the st
angle accot
against tin

est speed

half-value

nange of dived depth

ng data are obtained from the test:

VO m
t1/2

AzoF

itical or high damping, there are’no measurable trim oscillations after completion of
e impetus. If the submarine s dynamically stable, the trim angle reaches a maximum
ern plane impetus and converges later asymptotically to the initial trim angle, O5¢. The {
ding to Figure 4 divided by 641 — and thereby non-dimensional — is plotted logarithmid
e. This is used to find the time to half-value, t1,>.

H
[« )

the
Oa1
rim
ally
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-2 4
2,5 e |
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t
Key
. Vo = 3 kn; Adsj = 23°; ABg = 5°
<o points for linear curve fit
. Vo = 3,9 kn; Adsi = 23°;, ABg = 9°
a] points for linear curve fit
1 linear curve fit slope = - (In2) /t1 2
t ins

Figure 4 — Decay of triiu angle

6.4 Evaluation of the time to half-value

The times to half-value t1/2 shall be plotted against the mean test speed, Vom, as shown in Figure 5.

© IS0 2013 - All rights reserved 9


https://standardsiso.com/api/?name=bdae0913ca053f5c215d068e01f10c19

ISO 13643-5:2013(E)

1/2
300

250

200 i

150

-

100
/

third eigenform

Key
N va
va
A teq
* teq
1 idg
2
3 fir
t1/2 in
Vom in
6.5 Desi
Designatio
with anini
angle A6 3

/

\‘kA/‘ NS
\

/
50

0 —

-50

-100 -

-150

ues for the first eigenform, calculated from model test data
ues for the third eigenform, calculated from model test data
t results: evaluation according to Figure 2

t results: evaluation according to Figure 4
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bt eigenform

D
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Figure 5 — Time to half-value

gnation of adgneander test

h of a meander testaccording to Part 5 (5), Test 1 (1) of this International Standard, condug

Fial speedWp = 10 kn (10), a test stern plane angle Ads; = 5° (05), and an execute change of tri

L 5° (05):

Meandertest ISO 13643-5.1 x 10/05/05

ted

7 Test 5.2 — Vertical overshoot test

7.1 Description

A series of tests shall be conducted with different initial speeds, Vp, test stern plane angles, Ads;, and
execute change of trim angles, AGg.

For safety reasons, the series of tests shall be commenced with combinations of small values.

10
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The submarine shall approach on a steady heading and at a constant speed, Vj, before commencing
the test. During the test, the propulsion plant settings must remain unaltered and the heading kept as
constant as possible. Heading and rudder movements shall be recorded throughout the test (preferably
at intervals of 1 s). If the submarine is equipped with planes acting simultaneously in the horizontal
and the vertical direction (e.g. X-planes), these planes should be controlled in such a way that a steady
heading is maintained as a matter of priority.

After the submarine has been moving ahead for at least two minutes without significant movements of
rudder and planes, the stern planes are set to the specified test stern plane angle, Ads;, as fast as possible
and held there until the trim angle has deviated from the initial trim angle, 859, by the specified execute
chapge of trim angle, AOg. At this point, the stern planes are reversed to the same test stern plane angle,
Adg|, but in the opposite direction relative to the initial setting, and held until the submarine|is levelled-
off, i.e. the rate of change of dived depth reduces to zero.

Thip completes the test for the selected parameters.

7.2| Analysis and presentation of results of a vertical overshoot test

The following data are obtained from the test:

— |response time ta
— |overshoot time tc
— |levelling-off time tt
— |overshoot angle Os
— |response depth change AzoE
— |levelling-off depth change Azom

© IS0 2013 - All rights reserved 11
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Together with the test parameters Vp, Ads;, and Afg, the abovementioned data are used to assess the
effectiveness of the stern planes.

Stern plane angle Jso - t

0 |
2) ST
Trim angle ¢ —\ / t
TN

I
' g
| N
| <
0 !
Zgo S t
Dived depth 53
Z,
0 \ o

te

Figure 6 — Time history

7.3 Designation of a vertical overshoot test

Designatioh of a vertical overshoot test according to Part 5 (5), Test 2 (2) of this International Standprd,
conducted|with an initiakspeed Vp = 10 kn (10), a test stern plane angle Ads;j = 5° (05), and an exegute
change of trim angle A8k = 5° (05):

Verticpl overshoot test ISO 13643-5.2 x 10/05/05

12 © IS0 2013 - All rights reserved
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8 Test 5.3 — Neutral level flight test
8.1 Description

8.1.1 Model test (M)

Moments and forces are measured at the supporting structure and recorded for the submerged
submarme model preferably 1n1t1a11y on even keel when at a standstlll W1th the stabilizing fins and

spepd Vo at Wthh the bottom and surface effects are still negllglble Then the changes of fhe vertical
forde and the trim moment relative to the initial condition are measured and recorded;

In spiccessive test steps with other trims, the initial condition at standstill is to be determingd again.

Theangles of the stabilizing fins and the stern plane, as well as the trim angles@rbow plane angles, have
to ble varied in suitable increments (for instance, trim angle increments of 0,5 stabilizing fin/hydroplane
anglle increments of 1°). For stern planes with fixed post and movable parg;.it is recommended|to set both
to the same angle (6sx = 8s). The angles have to be selected so as to praovide positive and negdtive values
for the quantities of the vertical force and the trim moment when oné parameter is maintgined (trim
angle or hydroplane angle) so that the zero value may be interpolated for evaluation purposgs.

The angle of the stabilizing fin and/or fixed post of stern planes'derived from the model tests according to
8.2.[1 servesasinput forthe detailed design. The trim angle and/or hydroplane angles at which thgsubmarine
is agsumed to maintain a constant dived depth at all speeds.should be ascertained by full-scale tests.

8.1]2 Full-scale test (S)

8.1J2.1 General

butjalso the difference between weightand buoyancy and the static trim moment are zero. At relatively
high speeds, the difference between-weight and buoyancy and the static trim moment havg almost no
inflpence on the dynamic behaviour of the boat. Therefore, the neutral level flight condition can be
determined comparatively sitnply by extrapolation.

A s]:bmerged cruising condition is to belfound at which not only the total force and the total moment

8.1]2.2 Submarineswith retractable bow planes

Thegsubmerged submadrine is compensated ata speed of about twice the critical speed, V¢Rr (seg Clause 9),
by use of the triimiing and compensating systems, so that depth keeping is possible with retfacted bow
plames at a sterfrplane angle between * 1,5° and a trim angle between -1° and 0°. The actupl quantity
and| the centre’ of gravity of compensating water have to be measured and recorded.

After that, the submarine shall be kept on a constant dived depth by use of the stern planes. Approaches
at tpstspeeds, Vpi, of about 50 %, 60 %, 65 %, 75 %, and 90 % of the maximum speed are| conducted
successively. These test speeds, V/p;, are selected such that an almost even distribution of test stern plane
angles, &s, and trim angles, s, is obtained when plotted as a function of the inverse square of the test speed,
V0. The test speed, Vpj, the related stern plane angle, ds, and the resulting trim angle, 85 shall be recorded.

After evaluation as per 8.2.2.1, the test speed is set again to about twice the critical speed, V¢r. The
submarine is trimmed and compensated until it finally maintains a constant depth with a stern plane
angle, 6so, and trim angle, Osp, for neutral level flight determined by the evaluation. The quantity and the
centre of gravity of compensating water shall be measured and recorded.

In order to verify the angles dso and 6sg for neutral level flight, the submarine speed will be increased
in increments up to a speed, Vpj, of 75 % of the maximum speed without changing the setting of the
stern planes. Dived depth and trim angle are to be measured and recorded at suitable time intervals.
After that, the stern plane is used to maintain depth, if necessary. In case the stern plane angle §s or the

© IS0 2013 - All rights reserved 13
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related change of trim angle s differs by less than 0,2° from the stern plane angle 6s¢ and trim angle
Oso, the test is completed.

Otherwise, the stern plane angle ds and the related change of trim angle 65 for maintaining depth are to
be determined at two additional speeds. The stern plane angles s and the trim angles s determined by
the last three speeds together with the previously used angles for stern planes dsg and trim 6sg are used
for a renewed evaluation to determine the new values of 6sg and Osg. After that, a further verification
loop begins with compensating the submarine for a test speed of about twice the critical speed, V¢r.

8.1.2.3 Submarines with non-retractable bow planes

the

gle,
The

The submejrged submarine is compensated at a speed of about twice the critical speed, VcR, by useof
trimming gnd compensating systems so that depth keeping is possible for any pre-selected trim'ar
Os (prefergbly s = 0°), at a stern plane angle between * 1,5° and a bow plane angle between * 4°.
actual quantity and centre of gravity of compensating water are to be measured and recorded.

After that, the submarine shall be kept on a constant dived depth at the pre-selected €rim angle 0s =|8so
by use of stern and bow planes. Approaches at test speeds, Vp;, of about 50 %, 60.%), 65 %, 75 %, pnd
90 % of thg maximum speed are made successively. These test speeds, Vpj, shallbe selected such thaft an
almost even distribution of stern plane angles, s, and bow plane angle, dp, istebtained when plottefl as
a function pf the inverse square of the test speed, ;. The test speed, Vp;, the related stern plane arlgle,
ds, and bow plane angle, 6, are to be recorded.

The
ane
ngle

After evalyation as per 8.2.2.2, the test speed is set again to abouPtwice the critical speed, V¢R.
submarine|is trimmed and compensated until it finally maintains a constant depth with stern pl
angle 8sp qnd bow plane angle dgp determined by the evaluation for neutral level flight at trim a1

Os = 0s0. Q

In order td
incrementy
bow planes
the stern a
that the st¢
flight stern

Otherwise
trim angle
plane angle
planes, dsg
and 6gop. Af
of about tw

8.2 Anal

8.2.1 Mo

antity and centre of gravity of compensating watef’have to be measured and recorded.

verify the angles 6sg and 6po for neutral level flight, the submarine speed is increase
up toaspeed, Vpj, of 75 % of the maximum speed without changing the settings of the stern
. Dived depth and trim angle are measuned and recorded at suitable time intervals. After

brn plane angle, &s, or the bow plané.angle, 6, differs by less than 0,2° from the neutral |
plane angle, 5o, and the neutrallével flight bow plane angle, dpo, the test is completed.

the stern plane angle, ds,-and the related bow plane angles, g, for maintaining depth
Oso, are to be determined-at two additional speeds. The stern plane angles, ds, and the |
s, 0B, determined by thelast three speeds, together with the previously used angles for st
and bow planes, dgg;-are used for a renewed evaluation to determine the new values of
ter that, a furtherverification loop begins with compensating the submarine for a test sp
rice the critical speed, V.

lysis and presentation of results of a neutral level flight test

del test

d in
and
hat,

hd bow planes are used to maintain depth and trim angle sy, if necessary. If it is determined

bvel

and
HOW
ern

6s0
eed

The vertical forces and trim moments according to 8.1.1 are plotted in a diagram as a function of the
trim angle (or of the bow plane angle) for the different stern plane angles as parameters (Example:
Figures 7 and 8) and as functions of the stern plane angle for the different trim angles (or of the bow
plane angles) as parameters, respectively.
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Figure 7 — Vertical force
M
p N /
oo )

/1° 0° @ or op
Key
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Figure 8 — Trim moment

Thestabilizing fin/stern plane angles and the trim angles or bow plane angles for zero values of the vertical
forde, Fy, and the trim mement, M, are taken and plotted as curves in one diagram. The resul{ of the test,
i.e. the stabilizing fivangle, 5sxo, and the stern plane angle, 6sg, and the trim angle, s, (or thqd bow plane
angle, 6go) for neutral level flight is given from the intersection of the two curves (Example: Flgure 9).
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Figure 9 — Analysis diagram

8.2.2 Full-scale test

8.2.2.1 Submarines with retractable bow planes

The values|for 6s and 85 according to 8.1.2.2 are plotted in aidiagram as a function of the inverse sqyare
of the test ppeed 1/Vp2. The values for s and Os shall bedetermined by the following linear regression
approximaions.

1 (7]

65265 +a1 —+a2—S (1)
Vol T V,?
1 0

95265 +b1 —2+b2—sz (2)
Vo Vo

6s0 and Bs( are the values of the-extrapolated curves at 1/Vy2 = 0 (Example: Figure 10).
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Figure 10 — Analysis diagtam
8.212.2 Submarines with non-retractable bow planes
The values for 65 and 6 according to 8.1.2.3 are plotfed in a diagram as a function of the invdrse square
of the test speed 1/Vp2 and approximated by the fellowing linear equations.
Vo
1
5]3 =6B0 +d1 —2 (4)
0
dso pnd 6o are the values of the extrapolated curves at 1/Vp2 = 0 (Example: Figure 11).
© IS0 2013 - All rights reserved 17


https://standardsiso.com/api/?name=bdae0913ca053f5c215d068e01f10c19

ISO 13643-5:2013(E)

Os Op
1 5
0,8 ] — 4
’ o)
] - - BO
0,4 - N 2
0,2 o — —& 1
0 —r— 0
Jso L — 2
-02 F—= -1 1V,
-0F I -2
0 0,002 0,004 0,006 0,008 0,01 0,012
Key
L g 64in°
N 64 straight line fit
[ | o in°

straight line fit

1/Vo2 i kn-2

Figure 11 — Analysis diagram

8.3 Designation of a neutral level flight test

8.3.1 Depignation of a neutral level flight test with the model (M)

Designatioh of a neutral level flight test according to Part 5 (5), Test 3 (3) of this International Standprd,

conducted with the model (M) at a test speed Vp =9’kn (09) (representative for full-scale):

Neutral level flight test ISO 13643-5,3'%09/M

8.3.2 Depignation of a neutral level flight test with the full-scale ship (S)

Designatiop of a neutral level flight test according to Part 5 (5), Test 3 (3) of this International Standprd,
conducted with the full-scal®ship (S) at a test speed VO = 9 kn (09):

Neutral level flight test ISO 13643-5.3 x 09/S

The test speed asypart of the designation is not applicable for an evaluation by extrapolation.
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