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ABSTRACT

Several posgibilitics for the calculation of flexible rope and
net systems exposed to flow are prescnted. Theix application
for the solution of various tasks in fishing}technology 15 dige-
cusged. Purthermore it 1s pointed out to other papers inm this
ficld,

RESULI

‘Dang la présente publication sont expouean plusieurs poasihilites
pour le calcul de ﬂyStCMLJ de filets et de 115ues (accordages)
liches flexibloa. Leur utiliqution pour la reaolution dCJ»
differents problamns de la technique de peche cot diacutee

Les indications sont feltes de plus pour les futury txuvuux

dany le domaine suscite. '


funk-haas
Neuer Stempel


1, Introduction

The vast majority of- fishing gears applied for fishing'may he

goen as a floxibiuxthree—direnqionnl system of nets, ropes .and
various riggoing olonents being exposed to various external ford
ces. Horcwith fiuhinb goears basically have to be separated fromnm

‘nmost of tho: enginecring equipmonts. 'The main differcnce ic ‘that
fishing goars =lightly change theiyr shape and position in space

Y

under the.influenco of external forces, However, dctermining those

external forces ic dirficult, becanse they apguin deﬁend on the
fishing gear's shape and position being unknown and variable.
This fact:leade to the dovelopnent of spgoial motgpda for calcu~
lating floxible rope and net syétems exposod to flow. ‘

In tho following those mcthods and thair caleulation for the de*
sicn and calculation of flexible rope and not gystems towed in '
watur and exposed to flow and scme idoas on the furthor devolop-
ment of these methoda are nrcuentud. '

2, Bauationa. ol motion of twines and naitings

The ¢quations 6f motion are formod sturtlng from tho conditions -

‘of vquilibrium that are valid for the differential clenént of

twine or netting. For the goneral casc vio are going to supposa
+he twines and nottinb noving in a viscous, inllinitely expanded,
incompressible fluid and noreover boing ideally flexiblo and?ip»
oxtensiblo. The cxtonsibility may be taloen into account for some
mdthods £t111 to be discussed. That means, no bonding moments
and transverge forcos are transmitted. The tensile forces and.
coordinatea of clements arc functions of -the arc coordinate or

of the coordinate linou and tine, rospectively, because a non-
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nestricting to the tase of a non-uniform mobicn of & twl elswent

I

tho fellowing differcatial czuction nay bue obtained (cx. Fiaure 1):



OB 150 5 r y &
E : ;
/= SRt o T 0 (2}
o 1IN
| e 0
o S i [Pt (2)
ds S
x,? ' z$ corresponding to unit vectors directed along the axes

. E and 2;1.

Equation (1) characterizes the change of tensile forces of tho
twine and Equation (&) illustrates the change of sagping.

If with regard to the mentioned conditions nettine 1= considerce
to be & thin homogencous skin and to the hypothesis, that all
parts of the net are exvoced to flow at the undisturbed inflow
velocity and the forces acting on the netting caen be determined,
the following differential equations rosult for the differcntial
net element being ir uniform motion or inflow, respactively, (cf.

Figure 2):
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¢, , 5, nornal forces directed along tho coordinate lines
" related to unit length ' |

@y angle.between coordinate lines

-3 liothod for_ the_solution of the equations of motion

!'1, Analytical solutions

At vresent an analytical solution of Zquations (1) to (%) is
“known for 3 spacial cases of twine loads in ons rlane (/1/).
Those cases are a twinc loaded with tho underwater woipght énly;

“the twine ~imnondorable under wator- unifornly loaded over the

chord and the twine -imponderable under uater- -, on which the ; e

“hydrodynamic force 1o acting in tho normal direction of the

twine
“elenent and that may be precented as : K
v = T Y 3;& ds;’.”z‘*. - e
!?L | rehistancp coofficicnt of a twine‘withkporpendicular infldw
o diameger of twinc'
N density of water
L

angle of attack botwecn twino element and flow

In the first casce the uolution repre acnts ‘the rclationu ol a cate-
nary and in tho second casc tho relutions of a parabola. The rcla~ .
tionsg of the,cutenary‘mny bo anpliod for practical calculutlonu,

1f the inflow velocity is co small that the hydrodynamnic forces ’



may be neglected., The relations of the parabola may be applied

for the calculation of the form of sagging and tensile force of
twine, if the density of twine in water is approaching zero and
the acting hydrodynamic force may be considered as a load being
uniformly distributed over the chord (smaell deflecticn). The

third case of load for an approximative calculation of twines
having a density in water of zero may be assumed with angles of
attack of more than ZOO, because the tangential force coefficients
of the hydrodynamic forces are much smaller than the normal force
coafficlents,

At present an analytical solution of Equations (4) and (5), i.c.
the analytical calculation of shape and tensile forces of a net-
ting is possible for a netting imponderable in water and fixed to
2 hoops and being not exposed to inflow (basket section) only

and this is just valid on condition that the number of meshes

is constant over the width of the sheet of netting. Elliptical
integrals of the first and second kind (/2/) result from the ana-
lytical solution. For practical calculations the tables for ellip-
tical integrals may be apnlied.

7.2, Numerical methods of sclution

An analytical solution is avallable for few special cases only,

as it has boen shown above. The solution of differential equa=-
tion systems that are resulting from physical relations of equi-
librium and being used for the description of flexible systems
(Bquations 1 to 5) is complicated, Subdividing them into compo-
nents in the space~fixed coordinate system we obtain guasi-ellip-~
tic partial differential equation systems, that must contain ad~-
ditional equations for the description of the anisotropy of shects
of netting (Baranov formula) (Zquation 5) and of tailoring, too.
sary in the treatment of twines., Spe~

-
Lo

The last ones are not necess:
cial complications result from the consideration of unsteady pro-
cesses of motion of those: towing syctems, as they are represcated

by fishing systems in the classical sense.
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For the solution of pébin “tanks 'ﬁrious':t"d*ubi¥s of solution
arn pbﬂulblu and'uucossary. o L,unaral all nunnrical mo»hods of
solubicn may be considered dS'di:?zoclnation motnods, becaus
’infinita;imuily small QGG}'QtS ﬂ", 4t are voplaced L, finite
‘sungntn‘ ALy, at .,Noverthel va 1&Ll°ﬂo.utill can bnwpor~
Ternmed here. : ‘ ” o

1

?.2.7. Rora rdilx na continuum and nnmcrical nmjutiOHQ

" a) Twinos in. tho ”tat Lonnry onorﬂiinntl condi ion

‘“ho natural cqu“tions of: twlno (ﬂ ) may bo ubdividou 1nto a
syston of ordinary diirorcntial u;uationu of first ordor by sub~

stitutions (cf. /1/, p 41). U“inb Aungo hutta mothods that arc
avallablic in wvaricus aﬂwl‘31 ons in pro"ran librarica of modern
electroniC'daﬁa vrocesaing systems, the zultin sot of equa- .

tionc can bo solved for a given inifxal ‘forge (mngnltudo and d1~.
roction) and anwn behaviour of the byurodynamlc cooiiicicnta.
Hlere tho oxtensibllity. and flexural rigidity can bo taken intol,
account. As a solution the shape and loau ol a hcavy twine»in"
vater cxposed to flow i obtained, Accoraing to tbis ncthod‘sf,
whole serics of calculation prograns has bccn doveloped fo‘ d1f¥
forent tQSLu, ju £ to nention thc ;ollowinm o

- metlted Lor the caleulation of tho. drag ropo /d/, /]

= method for tho calculution of not soundek cables Ju/ _

~ method for the calculution of ghapo and forcds of drag ropes "
in tueking /5/.. a

b) Closod:netting areas in stationary workins. cordition

. Subdividing the set of equations (éqaa‘icﬁs_Q,ﬂS)’into three
)

opace~fiked coo*dznatos the .following caombined differcntial équaéi

1tion,uystom is obtaincd by tran»for ation .
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= const,

This set of equations can be solved for some epecial cases and
under congidera ibly restricting or Sluplifying conditions, if the
hydrodynamic coefficicnts are known and the acting forccs of Zre
vity are neglected,

2,

= For the calculations of rotary nettings the conditions «;~-==0 .

e ol
&t o T are valid, 2

For those net shapes several colutione are avallaeble, that hagd
been published in the GDR scme tipe ago (/6/,/1/).

- A3 a special case the caleculation of bau}uta and of rotary net

cages can be considercd. @op these forms we suppose the exter-
nal loads on the netting being very small and negligible com-

Sl o

pared to the forcas acting in it, Prom this we heg
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After transformation and solitary integration of the eguations
left, an vlliptic integral 1s obtained, that may simply be solved
umerically or using tables with good approximation to reality

£y

/& For this a speclal method of solution using an electroenic
data processing system is available for rotary net cases (/7/).

- If rotational symmetry is no longer roguired, the simnlifica-
tions taken so far have nho validity. Civing the shape of net
(trewl part) to be rcalized and dbGH‘lnﬂbthat the directions
of main tension G, and G, are just the same as those of
the parameter curves o, =const, and o« , =const., respec—
tively, one method of solution has been published so far /8/.
Resulting from this the followlng quantities could be calculaw-
tod: the stress trajoctories 1ln the sheet of netting, loads on
twine, hanging of netting (, end talloring. At present calcu-
lations of complicated shapes of netting are not possible with
this approach and will be difficult in future, too.

2,2,2, Considerations as discroticised towing gystem of twines

For the investigation of dynamlcal processes of motion ass they are
normally occurring in reality caused by ship's manocuvres, scaway,
wind drift and other external influsnces on the fishing system,
tho system can't bae conaldercd as a continuum any more, xposed
to these influences the risht side
(7, B) prove to be time~deponding gquantities, Hence for the twins

g of the natural equations, o.g.

the following quantities are oceurring

S 8 MBS
&t dt G hadi i U

For tho sclution of these problens speecific approachiss have bean
developad that are still justilisd according to the task, For all
of the subsequently mentloned methods of solvtion if is'valid

that tho twine or the system congisting of single twines having a

/ Ly B A "" » e P4 " e . £y Pty o) .' £ & 1 e -
multiple connection with cach othey, mey be admitied in the pointa
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of'conhection, 1. é;‘thé knots with ainglé'fochS'aa'o g. otter
boards, einl ra, floaters or combined Bubstitutional point masses
~ and the roaulting forcea (Figure 3 and 4) ‘

Tho systam ia preaeutcd as sufflciently fina aubﬂivided uysted
of rods and chatns, All forcos acting in the’ single roda ahd: exter- '
_nal forces acting on them are summarized in the’ khota as point for~
ces. There are alao modifications to be tound wlth the point mage
ges in the centro of rod. Howevar tho uain principle 1S not
chanbad by this faot. The ‘other approachas for baining a useful
solution may bo subdivided' in two basically differont methods, -

“,B;ZQi; So]ution/using}differéntial equqtion nydfoms‘

Dué- to the motion of thc towing systom in wator, that may ba re- "VA~

'1. preuontad by a tw;no loadad at thc ond or a combined Bystem of se-ﬂ7"
~ veral twinos or a nat, difforent forcas ‘are acting on tha point L
'maasea combincd in tLo hnota. Thosc forcos aro S

- tansile forcea of twlne el omantu auJuupub to uhc,h‘ ﬁg,(rbqs) x. }f.
- hydrodynamlc loads united in the. knot S L o '.’

" - forcos of inertia due to accolorations 3 Y. ¥ from point mass
’i‘. and’ hydrodynamlcal nass to ba: “added, L

At oach moment t theso forcea uuat form an: oquilibrium. COnnec—af}Tﬁ

ting the knot aquilibriumc vith Bach other must ‘ba. carriod out. S
A _using ‘the tensile forcaa»in tho singlo twine ulemants to both Lnota -

adjncent to them.,_»'» ' e SRR A
Wj 'UnLnowns to bo uOlVOd for each knot ara tha follouing quantitles ‘
;"5Yn ¥ £ §y 2, xu Yo =y ¥y (1 )(t). For each knet o diffarential

»

: *.equation systen may be formaluuad hith its subdiviaicv iutoaan or~“* B

‘“f}dinary differevtial equaticn=qynt“n contain‘nu an adequata uuube

. ff;;or equatlona nnd unhnurns. ¥or n lrocs in the twine system tho
’“'fnumbcr of crdiﬂarv dlffeluntial Bnnntinnﬂ nnqt bﬂ mu’tlp’led bv t



factor n. The set of equations gained in this way and being very
extensive in general is solved applying effictent kuage-Kutta me=-
thode by means of electronic data processing, AJthouzh this pethod
is very expensive, recently it could successfully be usedifor ;the
solution of veri interesting problems in the dynamics of towed
systems, One restriction is, that only rod chains without}gonaec-
tion, {.e, multiple pendulums, have been used as substitutional
systems for much more complicated systeme. However, from the theo-
retical point of view the treatment of systems with multiple con-
nections must be possible, too. :

Examples for speciel solutions found out by GDR specialists in
fishing technology are: R

~ models on heaving and veering of pelagic trawl: systems (among
otheras /9/, /10/) g

- model on the connzection betwesn ship and towed system during
steoring manoeuvres /9/.

2, 2. Complete discretization of flexible towing systems

As it has already been mentioned in the introduction,. towing sy-
stems are characterized by their special design forming under the
influence of external and inner forces on the one hand and of
shape on the other a unique and spocified appearance guaranteelng
the equilibrium of forces in each polint.

al,Sfeady state calculations

If now simplifying the towing the system as mentioned is discre-
ticized in a way, that it is subdivided sufficiently fine in a num-
ber of rigid rods, being in the points of connection, i.e. the
knots, momentless connected with each other, then the egquilibriums
of forces can he formulated for each knot. It is useful to fix



*tha unknown orientation or the singlo rod elements 1n advance 1n
a way, that the unit vector: °i of i-th rod eloment atill to be
‘calculated is alwaya directed from the neighbouring knot hI to B
w;tho followiﬁs knot KI+1‘ In the rods 4 the . tensile force Ti is

‘acting, that is unknown, too (Figura 5) This toncile force is =
~ introducedﬂinto the oquilibrium of forcos in knot KI with. +'1‘1-01

‘and into that in knot Ky, with -Ti-ei, On the knot additlonally
the external loads united to a point force are acting in the

,range of the ‘knot, The equilibrium of forces for. knot hI in Figu-__’
.ra 5 18: : : : : :

¢

1. e =T, e T, c€, +Te.==-F,_ - (11)
*VL~N"7:~8L~O‘TN. i-n Ci-n lier T TS KI;--~"A‘)

_f.iAccording to this for m- Lnots in the diacrotici ed towing aystem ‘
.', m analogous equations (11) may: be formulatod. Bucause as a rule
*the number of knots i3 lower than ‘the number of rod elenonts in
- the system other rolatlonu‘axe laching. that may. be formulated ro-
.”,aulting from the geomatricul conditions. As an exemple frcm.Pi—~ 
gure 5 only one equation should ba mentiouod baing typical for neta:

;~~-qe“nf°euplewr;;ﬁmﬂ' e T
' s‘Sum@arizing'é1l analogous relations according to Lquationu (11) |
~and (12), a set of equations can be formulated, that may be” linca-
~lffizqd,and yhiCh contalns the conponents of unit vector» ei in the
© 3 dimensions of space x, Yy, 2 as unLnowns:'
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Jduring the last a years a speeicl method of successzive approxima=-

tion has been developed by means of which very good approximative
solutions have been made possible for the calculation of different

towlng systoms, Initial values are ronghly estimated tensile for-

ces Ti‘ The knot forces KI contaln hydrodynamic forces devending

HJ
pe
<
‘r.k
o
o

on the unknown orientation of unit vectors 31, forces ol
and single forces as e.g, sinkers, floaters and others. For in

this way the knot forces are slightly depending on the left side

of the set of equations, those have to be calculated newly at ecach
ltoration step with the obtained approximations /11/, /12/. The
calculation is carried out using a method for the solution of ex-
tensive linear equation systems, In 1984 the calcéulation of a com=~
plete trawl net had been presented for the first time /13/ (Fi-
gure 6),

b} Calculation of dynamically loaded discreticized towing svatens

This case of calculatlon is connected to the statements in 2.2.2.1.
The knot forces of such a towing system are considorably changed
under steady inflow to the system compared to the statical load:

- At each knot another inflow velocity is aciing which 1s assuned
to be equal for the whole range of action of the knot.

~ Prom the masses and hydrodynamical masses united in the knot
forces of inertia are resulting increasing the knot force

Both shafes of force may be calculated with the accelerations to
. be expected being low and with the shape of the system being known.

The expanded method is based upon the method described in the pre~
© vious passage. At first a method is introduced foi the calculation
of the local velocities from actual initial values, which allows
the calculation of the knot force by the end of a finite step of
the duraticﬁ At using the following set-ups:



Qy(t+at)=a () +a (t+at)-at

Vi(f+af)

= v, (t)

Zs, (t+at)=V, (4

(14)

+ta. (t)at+al (++ f)—é—*i (15)
a, (tjat+a; (t+at)=;

)At-réf (f)éj (++At) A* (16)

@ Foulty values for the acceleration increases EI (t +at) lead

to the fact, that the knot distances are asituated in a way that
the rod elements must be turpned, cxtended or cut. Therefore at
this stage a special iteration for "eystem embedding" is inserted
guarantesing the reproduction of the original length of the rod
elements, The dcceleration increases :i 8111l being faulty

cause a non-esquilibriuam

of time step 4 t.
correspond to the forces
(15), if they are determined according to the method of discreti-
cized towing systems, The determined "error forces" are now used
for an iterative correction of the acceleration ihcreases ;i

until the "error forces" do not exceed certain tolerances anymore,
This is done applying Regula falsi. Afitecr the first tests this
mothod offers promising set-ups far the calculation of dynamically

loaded. complicated towing

othera. At present net ca

L]

The sh

. F ey 0 = - Loy LS SO S,
cf forces in the slngle kaote by the end

ape obtained from Equation (16) does not
to te calculated with Equation (14) and

systews as Tish catching systems and
es in seaway are investigated /14/.

4, Determination of the hydrciyuanic coefficienta

A& sufficiently eccurate deterwinatica of the hydrodynamic coeffi-

clonts of twinesg and nets

suring problems,

From the

raises considerable methodical and: mea=
physical point of view the hydrodynamic

S S S S
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ccaefficients rupressnt the Hewton numbor,
P __. | (17)
ap - pressure difference rolated to arca unit.

_ Their determination by calculatlicn requircs the flow patforn'for
the congidercd body - i,e. the twine or the net with complicated
surface -~ to be known, this 1is hovover not the case. lonce the
coefficients must be detormined experimentally. It is a ﬁreécond1~
tion to determine the runctional depsndence of the coofficlents

to bo calculated on various physical parameters. It may be des-
cribed qualitatively with |

o , |
EF=F(Re~d,5h,TZr%,MA,FA,*,y’;Z-..) | (1)

for the twine and

S o : » . o
¢, =f(Re-d, sh, [y MA, FA NA Uy, ~q %, , Ly peen) 19}

tor ths netting

Ro-d. - Reynolds numbor rolated to dlanetor
- Sh - Strouhal number = ’ '
ﬂir¥' ~ gxtonded Froude numbar
LA "= kind of natorial
i - kind of twine
NA - kind of net
iy - hgnging qoéfficiant
x,9,5 - orientation of iwine in gpuce
oy, 0ty - orientation of nettinakin cTacy
d -~ dtamcter ol twine

a , - vidth of nesh



Carrying out measurements on original designs has the consequence,
that in the general case the normal component of the hydrodynamic
load causes a deflection resulting from which an exact assessment
will be much more difficult. Strong prestrainings for the decrease
of deflection require clamping devices which cause a considerable
influence on flow and with this a falsification of measuring re=-
sulte, However the influence of the kind of material LA may only
be shown in this way. Investigations of towing cables are often '
carried out the cables being towed with free end., Then the ob-
tained towing angle 1g8 a function of the 7Fa,* number, From
this follows, that the independence of the coefficient functlons
on the Reynolds number must be supposed.

The investigations of nettings are still more complicated, Here
the influnence of the hanging coefficiont g that can't be taken
conatant for originsl designs, nust addlticvaally be taken into
account, In comparison to the methods mentioned so far the appli-
cation of rigid models offers the advantage, that the possible deo~-
flections may be neglected and the fastening of models may be
carried out as fine that the influence on the measuring results

is only unimportant. dnother advantage results from the fact, that
by partly considerable model augnentations the dependence of the
coefficlents on the Reynolds nvmber is to be realized very well.
By weans of model augmentation the oxact structure of the surface
may also be sinulated very good., It is however very difficult to
simulate the kind of material.

Due to these _hysical circumstances the determlned coefficients
are always valid for a strictly restricted range only, i.e. for
the actua’l mudel used for the ncasurements, A tranemission of the
hydrodynamic coafficients to extended fielda, as it i3 usual at
present, must necessarily cause errors that could be more or less
important. Seveiral own investigations on this prbblem aro avallable

/187 JA6/.



5, Copclusions

Detailed investig&tiona on the dynamics of heavy towing systems
(rish_catchingvsystams) being\towed require~the determination
of the iufluence of residual vibrations of rope elemonts in the
towing system on the Qoefficiénta, wh.ch may be described by:the
Strouhal ﬁumber. The improvement of the éalculation rnethods fdr?
dynanical and quasinuteady conditions of motion doscribed in this
baper 1g mainly depending on the successful determination of this
influence in future, GDR specialiSts in Pishing tochnology try to
‘. nake contributions to the solutibn of these problemé.



body- frred system of axes
(accompanying triplet)
space -Ffixed coordinate system
arc' coordinate |
tensile force

: ﬂmdzus of curvaz‘ure

e‘omponem‘ of the resu/z‘/ng force
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component of the resu/z‘/ng force otz‘ihg
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o= Const. ' - ~.
2 - / D w, =const.

> ;DLZ,Fd{XZ const.

B norma/ forces re/az‘ea’ {o lengz‘h unlz‘
in the d/recflon of me sh dlogona/

Tt - fangem‘m{ forces related to (engz‘h

unit in the direction of mesh o’zagona/
Xy, %, cooro’mm‘e lines

E, G F - coefficients of lhe f/rsf 60510 form |
R of surface terms

7 - external force acz‘/ng on a surface
! unit of netting |
€,,€,,6 — unit vectors

_5{9. 2 ~ Forces acting on'neﬁ/'ng e/emem‘



_Ez'g;i Real towing system with mult)’p/e
" connection | o



©  knots with 5/'ng01cjf
~ force actions

_E_gg__‘f_ ,“»Pbs_sible :5/"mpll'_f/'e'd rod~c_ha[h sysfem |
 of the real system -



-
| ) q‘;-lengz‘h of mesh /eg
F19.5  Example of a netting segmep{
o modelled as rod system |
L d



o

P

* Calcutated_shape of caple trawl

j[gi C‘d[cq'lﬁdféd shc_zpé of cable traM
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