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SÜMMARY 

During November 1977 full scale tests on rope trawls have been 
carried out aboard the F.R.V. "Tridens". 
This trip was a joint project between the Netherlands Institute for 
Fishery Investigations, the Marine Laboratory (Aberdeen-Scotland), 
and the White Fish Authority (Hull-England). 
Three configurations of a rope trawl were tested: a rope trawl with 
meshes in the top panel (net A), a trawl with ropes in all the 
forward panels (net B) and the same trawl as net B with flotation on 
the headline. 
For each net several parameters were varied such as: the speed or 
horsepower-setting, the length of the warps paid out, the weights 
at the lower wing tips and the bridle extension at the lower wing 
tips. 
Measurements were taken on: speed, forces aboard and at the gear, 
gear geometry and position of the gear. 
Because of lack of data in some cases and inaccuracies in the speed 
measurement, the influence of the parameters mentioned on the per­
formance of the trawl is hard to derive. 
The major differences of the three configurations were found with 
the depth measurements. Both the floats and the meshed upper square 
do lift the gear in comparison with the standard configuration. 
This effect is most significant with the floats on the headline. 
A penalty however is a substantial increase in drag (up to 20%). 
A computer program written by R.S.T. Ferro of the Marine Laboratory 
was used to analyse the data. Instrumentation was supplied both by 
the Dutch Institute and the Marine Laboratory. 
To overcome problems with speed measurements and setting of the 
gear and to extent the set of data further experiments will still 
be needed. 

-1-



ACKNOWLEDGEMENTS 

First of all I'd like to express my gratitude to Richard Ferro of 
the Marine Laboratory, Aberdeen for his contribution to this report 
which extended from writing the computer program used to do the 
calculations and point the tables of output and for reading instru­
ment traces and plotting graphs and discussing the results. 

Then I'd like to mention Bill Leys, Angus MacDonald and Ron de Silva 
(also of the Marine Laboratory) for the way they took care of their 
instruments, calibrated them en prepared them for each haul. 

A word of gratitude also for David Wileman of the White Fish Authority 
Flume Tank for his assistance and advice. 

I should not forget to include all the crew members of the F.R.V. 
"Tridens" who did a wonderful job and were always ready to assist 
in whatever possible way. 

Finally I'd like to thank Nico Pronk and Willem van der Hak for the 
way they conducted the trials and Engel Jan de Boer for his overall 
guidance of this trip. 

Last but not least I would like to thank Mrs. Marja Lechermann for 
typing this report. 

April 28, 1978 

Bob van Marlen 

-2-



INTRODUCTION 

The Technical Research Department of the Netherlands Institute for 
Fishery Investigations have been conducting a research program into 
the design of pelagic trawl with ropes instead of big meshes in the 
forward sections of the net for the past ,couple of years. 
The main aim of the research is to produce a trawl suitable for 
catching herring close to the bottom over rough ground. An additional 
requirement is that the gear should be able to fish in fairly 
restricted water depth (about ko m). 

The trials were carried out aboard the Fishery Research Vessel 
"Tridens", November 1977* This trip was a joint project between the 
Dutch Institute, the Marine Laboratory (Aberdeen-Scotland) which 
also supplied staff and instrumentation and the White Fish Authority 
(Hull-England). 

The main issue of this report is the comparison of different confi­
gurations of a rope trawl in order to find the one best suitable to 
the design requirements. 
For each net several parameters have been varied in order to derive 
the influence of these variables on the performance of the trawl. 
In addition to these trials model experiments on scales 1 : k and 
1 : 25 were conducted in cooperation with the Institut fur Fangtechnik, 
Hamburg, Western Germany and the White Fish Authority (Flume Tank, 
Hull-England) but unfortunately they are only partly comparable to 
the full scale tests dealed with in this report. 

A detailed analysis of the relationship between the full scale 
results and the results found from the model experiments will be 
discussed in a separate report. 

The analysis of the data is done with the aid of computer programs 
which are especially written for this purpose at the Marine Laboratory 
by R.S.T. Ferro. 
The reading of traces is done both by Marine Laboratory staff and 
Dutch staff. 
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I. EQUIPMENT AND MEASURING METHODS 

I.a. Description of fishing gears tested 

Three different variations of a rope trawl were tested. The basic 
design is made for vessels of 1000-1200 H.P. and is equal to a 
rectangular pelagic trawl 120 x 80 cm (32") meshes across the top 
and bottom panels and 80 x 8o cm meshes across the side panels i.e. 
a "1600 mesh" trawl. There is no extra length in the lower wings. 

The three variations will be denoted as follows: 

NET A. (see figures 1,2 and 3) 
In this trawl the 80 cm mesh section at the top panel and the wings 
is maintained, while the meshes in the side panels and the lower 
panels are replaced by polypropylene ropes. A vee of kO cm mesh 
netting was also fixed to the top half of the side panel (see fig. 3) 
to fit under the square and strengthen it. 

NET B. (see fig. 1 and 2) 
In this trawl the whole 80 cm mesh section at the head of the main 
body and the wings have been replaced with ropes. There are 13 ro­
pes of 10 mm spaced across the lower and upper panel and 9 ropes 
spaced across the side panels. In addition there are 2 thicker 
ropes (18 mm) lashed together at each of the b selvedges. 
To ensure, that the strain is spread evenly where the ropes are 
joined to the head of the netting a series of "shark's teeth" are 
cut with each rope attached to the point of a tooth. All the ropes 
were marked at metre intervals in the factory before being under 
any load. 
The permanent elongation of these intervals was measured after haul 
T77.7 in order to calculate the load on each rope (see chapter: IV 
Rope elongation tests). 

NET C. 
This version is the same as net B, but in this case 190 floats with 
a diameter of 6" = 152.4 mm (1.75 ltr) are attached to the headline 
in strings of 10 floats packed together giving a total lift of 
approximately 3^0 kgf. 

DOORS (figure 6) 
4.76 m2 (3-50 x 1.36 m) Suberkriib doors were used for the trials, 
with a weight of 5^0 kgf each and with an additional weight of 200 
kgf, giving a total weight of 7^0 kgf each. The warp brackets are 
fitted of the way down the door. 

RIGS 
Bridle weights, wire diameters and weights used are shown in figure b. 

I.b. Trials technique 

Table I shows the parameters varied and the instrumentation used 
for each haul. 
The main parameters are: 

1) warplength; range; (350)-^50-550-650-(750) meters 
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2) bridle weights: ^50-600-750 kgf 
3) horsepower settings 800-900-1000-1100-1200 H.P. 
k) bridle extension: b.U m (ik.kk ft) and 2.4 m (?.8? ft) 

The various ways of comparing net A, B and C will be discussed in 
Chapter II. 

The basic trials routine used for most hauls was as follows: 

1) to do a straight tow in one direction only 
2) to take measurements at three different horsepower settings 
3) to test three different warplengths: 450 m, 550 m and 650 m 

at each horsepower setting 

It is common practice when conducting, instrumentated gear trials 
to repeat sets of readings towing along a reciprocal course in order 
to eliminate the effect of tide on the speed readings. This was 
judged to be unnecessary as there is known to be very little tide 
in the areas where the trials took place. A check on this statement 
was done however in haul T 77*4. The tide adjustment was found to 
be only 0.1 knots, within the accuracy of the reading from the 
speed log trace. 

I.e. Instrumentation (figure 5) 

Instrument 

1) Doppler Log 

2) Warp tension meters 

3) ELAC type LSE 108 
netsonde transducers 
(30 KC) 

4) Multi-netsonde with 
two transducers in it 

5) Transducers 

6) Furuno transducer 
and transponder 

7) Marine Laboratory 
load cells (self 
recording) 

8) Marine Laboratory 
Heel/tilt/depth meters 
(self recording) 

Location 

Ship 

Aft deck of ship 
(port and starboard) 

Headline centre 

Upper wing-ends 
Centre of sideline 
(P. and S.) 

Upper and lower 
wing-end (Port) 

a) Warp forward of 
doors 

b) Top and lower 
backstrops 

c) Between bridle 
weights and lower 
wing-ends 

On both doors at the 
lower side of warp 
attachment bracket 

Parameter 

Speed relative to water 

Warp tension as measured 
on deck (TOP and TOS) 

Headline centre depth 
Headline height 

Wing-end spread 
Horizontal netopening 

Wing-end height 

Tension before doors 
(T2) at end of warp 

T34,T3L tensions at 
beginning of bridles 

Tensions at lower wing-
ends (T6) 

Heel angle of doors 
Tilt angle of doors 
Door depth at warp attach­
ment point 

Port door. One looking Depth of the port door. 
upward fixed to the Door spread 
top and one looking 
across the other door 
on the third bracket 
from above 
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9) Marine Laboratory 
Japanese depthmeters 
(self recording) 

10) Marine Laboratory 
spread meters (self 
recording) 

11) Shaft horsepower 
recorder 

Centre bracket of both Door depth (P/S) 
doors 

3 fm forehead of doors Spread of warps 3 fn 
attached to the warps before doors and 50 m 
50 m from wing-ends from wing-ends 

On the propeller shaft Shaft horsepower 
measured by two teeth (recorded) 
cogs (some distant 
apart) driving generators 
S.h.p. is related to a 
phase shift 

II COMPARISON OF DIFFERENT TYPES OF NETS 

The three basic net designs -the standard rope trawl (net B), the 
rope trawl with meshed upper square (net A) and the rope trawl 
with flotation (net C)- may be compared by considering three sets 
of three hauls each set at a different bridle weight. 

These are as follows: (see appendix A) 

Hauls ^,5 net A with ^50 kgf weights 
9 net B : 

Hauls 6 net A with 600 kgf weights 
10 net B : 

1 

15 net C 1 
à 

Hauls 3 net A j with 75O kgf weights 
8 net B : 

net C 3 

à 

H.a. Depth of net 

This gear is being developed for a fishery in the North Sea. 
It should be able to fish at very restricted depths, without lifting 
the doors to the surface. A minimum depth requirement is about ko m. 
This limits the vertical distance between the doors and the net. 
With 600 kgf weights net C (with flotation) is fishing at the smallest 
depth at any speed and net A (with meshed upper square) is deeper 
than net C, but not as deep as net B (standard). 
This applies to all the warplengths used (**50-550-650 m) (figures 
7e,h,m). For the 750 kgf case net C also shows the smallest depth 
values followed by net A and net B is fishing deepest, although the 
depth decreases fastest with higher speeds (figures 7h«f»l)-
For both weights adding floats to the headline rises the gear appr. 
50 m and (adding a meshed top panel) replacing the ropes in the 
top panel by a meshed square rises the gear ca. 30 m. 
There is not sufficient data to compare the three nets A, B and C 
for the 450 kgf case, but the standard trawl also seems to be fishing 
at the largest depths (figures 7c,d,g). 

II.b. Difference in depth between doors_and net 

As stated before the gear should be able to fish at very small 
depths. For this reason the vertical distance between doors and net 
should be as small as possible. 



This depth difference is, as could be expected, very much depending 
on bridle weights. 
With 600 kgf weights the biggest differences in depth are found 
with net B and the smallest values with net C, while those of net A 
are only slightly bigger than the ones found with net C (fig. 8b). 
For the 750 kgf case the differences in depth are somewhat smaller 
for net C in comparison with net B. Net A shows the smallest diffe­
rences. This might indicate that for the gear with flotation on the 
headline the 750 kgf weights are too heavy if the objective is to 
minimize the depth difference between the doors and the net (fig. 8c). 
Although the lack of data makes conclusions rather dubious, it 
seems that net A has smaller depth differences than net B with ^50 
kgf weights. There are no data available for net C in this case 
(fig. 8a). 
A reduction in depth difference between the doors and the net would 
be expected as warp length is increased. 
However, the effect may be small and certainly this tendency is not 
very clear from the data. 

U.c. Warp length 

Gear geometry and in particular door spread changes with warp length. 
At very short warp lengths the doors are prevented from spreading 
by the inwards component of the warp tension but as warp length 
increases this component reduces allowing the doors to spread the 
net more. 
However, a point is reached when increasing warp length produces 
no further significant improvement in spread. 
A useful indication of how the spreading force of the doors is 
transferred to the net is the ratio of the sweep spreading force 
to the door spreading force. 
Figures ^î and 11f show, that this ratio is still increasing with 
warp length. Although the doors are more efficient at these longer 
warp lengths, there is a penalty in the increase in time taken to 
shoot and haul. There seems to be no distinct relationship between 
mouth area and warp length for all three types of nets. Only the 
^50 kgf case shows a slight tendency of the headline mouth area to 
increase with warp length (see figures 9d, 10d and 11d). 

II.d. Gear drag (figures 9a, 10a and 11a) 

The gear drag with net C is greater than with net B by approximately 
20# due mainly to the extra drag of the floats (1 tonne at k knots). 
The gear drag with net A is 15# to 20# greater than with net B 
mainly due to the increased drag of meshes compared to ropes in 
the upper square, rather than any change in net mouth geometry. 
The net drag is approximately 85# of the gear drag and the drag of 
both doors will be about 12# of the gear drag. 

II.e._Net_mouth area (figures 9d, 10d and 11d) 

At all three bridle weights the substitution of a meshed upper 
square for the ropes of net B results in increased drag as discussed 
above and reduced net spread. 
The relationship between headline height and speed is less consis­
tent, possibly because of the uncertainty in the speed measurements. 
The headline height for net A is greater than that for net B in 
the 75O kgf case. With 600 kgf weights there is little difference 
between the nets and with ^50 kgf weights net A may have a slightly 
smaller headline height than net B (figures 9b, 10b and 11b). 
For the 750 kgf case the main effect of adding flotation (net C) 
or substituting a meshed upper square (net A) compared to the stan­
dard rope trawl (net B) may be to reduce the change in mouth area 
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as speed is increased (see figure 11d). 
A similar effect is observed in the ^50 kgf case for nets A and B. 
However with 600 kgf weights, while net A again behaves in the 
same way, the performance of net C is similar to that of net B. 
The lack of a systematic relationship between headline height and 
speed for each bridle weight value must cost doubt on any conclusions 
about the relationship between headline mouth area and speed. 

II.f. Swept volume per time per total warp load 

The parameter swept volume per time per warp load was chosen as 
a criterion by which to judge net performance. 
It is a more engineering criterion and the relationship between this 
value and the catching capabilities, which is very much depending 
on the reaction of the fish on the gear, still needs to be found. 
In view of the uncertainties in headline height mentioned in the 
previous section, definite statements about figures 9e, 10e and 11e 
can not be made, but it would seem, that the standard net (B) has 
a higher swept volume per time per load than the other two nets 
except for the 750 kgf case which does not show such distinct 
differences. 

Ill INFLUENCE OF DIFFERENT PARAMETERS ON TRAWL PERFORMANCE 

Ilia. Bridle weights 

Plots of headline mouth area and swept volume/time/load for net A, 
hauls 3» 5 and 6 versus speed show an increase in area and swept 
volume with bridle weights of 750 kgf. 
There is, however, little difference between the ^50 kgf and 600 kgf 
cases (figures 12c,d). 
There is no such clear relationship for nets B or C. 
From figures 13b,c; 1*tb,c it can be seen, that the influence of bridle 
weights on headline height and horizontal netopening is not very 
distinct for net B and net C. 
The mouth area in both cases doesnot change much and the same applies 
to the swept volume per time per load (figures 13d,e; l4d,e). 
Only for net A the headline height shows a definite increase with 
bridle weights of 750 kgf, but the difference between the **50 and 
600 kgf cases is not very clear (figure 12a). 
This increase in headline height is responsible for the increase 
in mouth area and swept volume/time/warpload at 750 kgf weights. 

The gear drag seems to be largest for the 750 kgf case (figure 13a) 
for net N and also for net C at low speeds (figure 1*fa). This is 
obvious when looking at the headline centre depth, which is larger 
for the 600 kgf case at low speeds. The gear drag, being the hori­
zontal component of the warp tension, decreases with increasing 
depth of the gear due to the increase in warp inclination angle. 

Ill.b._Bridle extension 

The following hauls can be compared to check the influence of the 
bridle extension on the performance of the trawl. 

Net B Haul T 77«8 b.k m bridle extension )with 75° kgf weights 
Haul T 77-11 2.U m bridle extension j 

Net C Haul T 77»13 2.*t m bridle extension )with 750 kgf weights 
Haul T 77.1^ m bridle extension } 
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Plots of headline mouth area and swept volume/time/load show a 
great scatter of data both for net B and net C (figures 15a,b,c;16a,b). 
A definite conclusion about which configuration is better cannot be 
made. 

IV. ROPE ELONGATION TESTS (Haul T.77.7) 

The forces in each rope are determined from load-elongation tests 
on wet pieces of polypropylene ropes. 
These pieces of rope were new and like the ropes of the rope trawl 
never been loaded before. The results are given in figures 17a and 
17b. 

Hence, the total tensile force will be: 

for the upper panel (without the selvedges) 
for the lower panel 
for the port side panel 
for the starboard side panel 

1995 
2855 
895 
I65O kgf 

7395 kgf 

and for the selvedges 1 
2 
3 
if 

1250 
860 
5*f0 
*<-95 

31 *+5 kgf 

In total we find: 5Z. = 10^0 kgf or 10.5!+ tonnes (of a 1000 kgf) 

From the H.P.-recorder traces of haul T 77«7 we find for the maximum 
forces, taking the calibrations into account: 

TOj 

T0-

6.025 tonnes 

6.222 tonnes C TO = 12.2^7 tonnes 

The difference between the total warp load measured aboard the ship 
and the summation of the load in the ropes of the trawl is due to 
the drag of the warps, the doors, the bridles and the wing-end 
weights. 
In this case it is not taken into account that in the calculation 
of the total load only the components in the direction of tow of 
all the forces should be used. 
Due to the divergence of the ropes, the total force in the direction 
of tow will be slightly smaller. 

The elongation of the ropes does show substantial differences from 
one rope to the other. With an elongation smaller than for the 
10 mm diameter polypropylene rope and smaller than 1.79» for the 18 
ram diameter rope of the same material the reading of the load becomes 
very inaccurate. 
It should be stated also, that the method of measurement of the 
elongation is not very accurate either, due to the large size of 
the marks made on the ropes. 

The results should be interpretated in a qualitive rather than a 
quantitive way. 
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Basic conclusions are: 

the forces are not equally distributed along the ropes 
the lower panel is the heaviest loaded one 
the port and starboard panels show a clear asymmetry, but the warp 
loads are for this haul almost equal in magnitude 

V. CONCLUSIONS AND RECOMMENDATIONS 

V.a. Difference_in behaviour of port and starboard doors 

The heel and pitch readings throughout the cruise indicate that one 
door was at a very different attitude to the flow compared to the 
other door. 
One possible explanation was that the netsonde cable to the door 
transducers was affecting the balance of the door. 
However, plots of headline depth against speed do not show any con­
clusive difference in behaviour of the gear when the netsonde cable 
is attached to the port door. 
The doors were measured carefully after the trip but no significant 
differences in the dimensions or position of the centre of gravity 
were found. 
The other possible causes of this behaviour might be a difference in 
the lengths of the sweeps or some asymmetry of the net giving rise 
to different ratios of upper and lower backstrop tensions on the port 
and starboard side. 
In order to check this, the bridles were measured up before shooting 
haul T 77-13» There seemed to be very little difference in length 
(starboard: upper 100.0 m; lower 99*8 m; Port: upper 100.1 m; lower 
100.'t m). All four bridles were made equal at 100.k m. 

It is unlikely, that the instruments measuring the heel were malfunc­
tioning as the two instruments were interchanged from one door to the 
other and the incorrect heeling of the port door was apparently 
confirmed on haul T 77-15» when the spread netsonde transducer, 
mounted on the face at the door, seemed to pick up a surface echo. 

The influence of the netsonde cable to the port door on the tensions 
in the sweeps can only be examined for hauls T 77»^ and T 77»5» 
The upper sweeps are heavier loaded than the lower sweeps. There is 
a slight tendency of decreasing the sweep tensions at the port side 
sweeps by attaching the netsonde cable to the port door. However 
the lack of data for other cases makes this conclusion rather arbi-
trarely (see fig. 18). 

In order to make more reliable calculations, based on less assumptions 
measurements should be extended in the future. The depth of both 
wing-ends and both doors will give information about asymmetrical 
behaviour of the gear and back up data collected from heel/tilt 
angle meters on the doors. 

On many points it is hard to draw definite conclusions from the data 
obtained so far, although some major tendencies did show up from these 
trials. Therefore further experiments on these trawls will be needed. 

Adding floats mainly influences the depth of the gear and the same 
applies to using a meshed upper square although to a smaller extent. 
The headline mouth area is not very dependant on these lifting 
devices. A penalty is a substantial increase in drag 
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V.b. Reliability of speed readings 

A very accurate measurement of speed is of very great importance 
because most of the parameters are plotted against speed and errors 
in speed readings can influence the conclusions to a very large 
extent. 
For comparison against tension (STO) were made in some cases because 
the tension measurements showed to be more accurate. 
For parameters such as depth of the gear, mouth area and swept volume 
per time per total warp load tendencies seen from these graphs can 
differ from the ones found when plotted against speed. 

It is of primary interest to use a speed log mounted at the opening 
of the net. Speed readings on a ship may fluctuate strongly due to 
the seaway and it is the speed at the net itself that determines its 
performance. 

Plotting against horsepower includes the performance of the vessel 
and its response to weather conditions which is also dependant on 
the ships course. There is no clear relationship between horsepower 
setting and actual speed. 
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Appendix £ 

1• Instrumentation 

Kie measuring instruments used, during the trials, their locations on 
the gear and the parameters they measured are tabulated below* 

Instrument 

Load cells 

Spreadmet er* 

Heel and tilt 
meters 

Depth meters 

Location 

(a) Warps, forward 
doors, T2 

Parameter 

Wire tensions 

(b) Aft end of backstrops, 
T3U and T3L 
(o) Aft end of lower 
sweeps near wing ends, 
T6 (see figure ). 

On warp 5»5 m from doors 

On doors 

On doors 
* This spreadmeter was used on haul 16 only-

Spread 

Angles of heel and 
tilt of doors 
(see figure ) 

Door depth 

2. Data Retrieval 

All instruments except the heel, tilt meters on the doors produced 
continuous trace recordings either on recorders on board the ship (eg warp 
tension meters on ship, doppler speed log, shaft horse—power, multi net-
sonde) or on self—contained recorders in the underwater instruments 
(load cells, spreadmeter)* 

The heel—tilt meters stored the data in the form of a "mark to space 
ratio" signal on magnetic tape in standard tape cassettes. 

The standard procedure during an instrumented haul was to tow the 
gear at three different settings of shaft rpm which gave a reasonable 
range of towing speeds between 3*5 and 5 knots. At each rpm setting three 
warp lengths were used (450m» 550m and 650m). Warp length or rpm was 
changed only after the gear was seen to have settled for a period of 
at least five minutes. Average readings from the trace recordings were 
taken over the periods when the gear was in equilibrium. The resulting 
set of parameter values was taken to represent the gear performance at 
the given speed. 

The complete set of data for all the hauls together with numerical 
and descriptive information to specify in detail the trawl gear vised in 
each haul was stored on a computer data bank. 

3* Data Analysis (Appendix C} 

A suite of programs was written in BASIC-PLUS for running on a PDPII/55 
computer. The programs access the data held on the data bank for each 
haul in turn and calculate the major parameters describing the geometry 
and loading throughout the trawl gear. The significant parameters are, 
for example, gear drag, net drag, door spreading force, net mouth area 

and swept volume. 

1 



The shape of each warp in three dimensions can "be calculated given the 
tension at the ship, the depth of the lower end and the spread of the lower 
end of the warp from the gear longitudinal centre line. The tension and 
depth are known for each individual warp. However, the spread was measured 
between the two doors so that it is necessary to make an assumption about 
the symmetry of the two sides of the gear in the horizontal plane. It has 
"been assumed here that each door has the same spread from the gear centre 
line. 

The "bridle wires are assumed to be straight and to have no drop in 
tension along their length. The geometry of the lower sweep is calculated 
from the depths and spreads at each end together with the equation of 
vertical force equilibrium at the bridle weight. Because spread was 
measured at the upper wing-end only the angle in the horizontal plane, 
of the lower wire to the direction of motion was assumed to be equal to 
that of the upper bridle wire. 

Por all measured tensions, if the tension on one side of the gear 
is not available it is put equal to that on the other side. 

If insufficient data are available to complete the calculation of any 
quantity then it is output as zero except in the case of heel and tilt 
angles whioh are left blank in the tables. 



APPENDIX D 

Definition of Parameters in Table 

1. Block ITumber. À block of data is one describing the configuration of 
the trawl gear in steady state at a given set of conditions — in this 
case a given warp length and engine Bhaft horse power. 

2. Warp length. The length of warp from the mark at the stern to the 
door attachment point. No allowance is meide for extension under loadt 
but the fact that the warp upper ends are 9 m apart at the ship is taken 
into account in the calculation. 

3. Bridle weight. The weight in water of the masses near the wingends. 

4. Ship speed. The speed of the ship relative to the mass of water at 
an unspecified depth below the ship. 

5. Door spread. The distance between the doors as measured between the 
transducer and transponder positioned on the doors as indicated in 
Figure 5 • 

6. Wing-end spread. Distance between the transducer and transponder 
positioned at the upper wing-ends, for measured WlB-» transduce.« only) 

7» Horizontal net opening. Distance between the transducer and trans­
ponder positioned at the centres of the side—lines. 

8. Door depth. Depth of the transducer or depth meter positioned on each 
door as shown in Figure S . 

9« Headline centre depth. Depth of headline transducer. 

10. Wing-end height. Distance measured by the transducer at the upper 
wing-end looking towards the lower wing^-end. (or measured With Fur u wo) 

11. Headline height. Distance measured by the headline transducer looking 
towards the centre of the footrope. 

12. Door heel and tilt. Angles as defined in Figure Sa. 

13. Warp load. Tensions measured in the warps by meters incorporated 
in sheaves on the deck of the ship. 

14. Total warp load. The sum of port and starboard warp loads. 

15« Gear drag. Horizontal component parallel to the gear centre-line,of 
the total warp load using angles of the upper ends of the warps calculated 
in the warp shape computation. 

16. Door drag. The difference between the horizontal components parallel 
to the gear centre—line y of the warp and bridle tensions. 

17* Net drag. Horizontal component,parallel to the gear centre-line,of 
the bridle tensions at the net. 

l8.r Door spread force. The sum of the horizontal components5perpendicular 
to the gear centre-line,of the warp and bridle tensions. 

19« Sweep spread force. The sum of the horizontal components,perpendicular 
to the gear centre-line,of the sweep (bridle) tensions at the upper and 
lower wing-ends. This force can be considered to be the main force which 
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opens the net mouth horizontally. 

20. Door lift force. The resultant of the vertical components of the 
warp and "bridle tensions at the door and the door weight in water. This 
force can "be considered to "be an indication of the vertical hydrodynamic 
force supplied by the door. 

21 • Upper wing-end depth. This depth is calculated from the sum of the 
headline depth and an empirical function depending on the headline and 
wing*-end heights and the number of floats on the headline. 

22. Height of door above headline. The difference between the depth of 
the headline centre and the depth of the warp attachment point on the door. 

23. Wing-end mouth area. The product of wing-end height and wing^-end 
spread. 

24» Headline mouth area. The product of headline height and horizontal 
net opening. 

25. Net drag per area. Net drag divided by the appropriate mouth area. 

26. Swept Volume (headline) per time per load. This criterion for 
judging gear performance is obtained by multiplying the headline mouth 
area by the speed and dividing by the total warp load. 

27. Shaft horsepower. Measured horsepower at the propeller shaft. 

28. Total gear horsepower. The product of gear drag and ship speed in 
appropriate units. 

29. Door normal coefficient. The resultant forde generated by the door 
is obtained from the door dragf spread force and lift force. This resultant 
is converted to coefficient form in the standard way by dividing by door 
area and dynamic pressure. 
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NET WITHOUT ROPES IN THE TOP PANEL 

NETTING FORESECTIONS TO TCP PANEL 

r 

10m 

l4m 53m 
120m 

53 H 

34 Meshes Deep 
80 cms./32" mesh 
210/240s twine 

28 Mëshes Deep 
80 cms./32" mesh 
210/240s 
6 Meshes x 40 cms. x 210/l80s 

86M 
172M 

172M 

Cutting of inside edges to wings:-

60 x Halfers, 2 x (Pickup + 2 Halfers), 2 x (Pickup • Halfer), 

2 x (2 Pickups + Halfer) 

Headline 65-5m* (2 m extension + 23.1 (halfers) + 2m. (P2H) 

• 1.4m (P1H) + 2m (2P1H) + 4.5m bosom) 

NETTING FORESECTIONS TO SIDE PANEL 
» 

TO GIVE STRENGTHENING UNDER SQUARE 

6 meshes 

Laced down to 
Square 

Sharks teeth 56H 
attached to side panel ropes 

62 meshes deep 
40 cms. mesh 
210/l80s twine 

F I G  
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HEEL ANGLE 
POSITIVE IN 
"THIS DIRECTION 

?ORT POOR, 
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FIG. 5fl : DEFINITION OF DOOR ORIENTATION ANGLES 

TILT ftNGLE 
FOSITtVE IN 
THIS DIRECTION 

STRRBOmD DOOR. 
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HAUL T77.3 ROPE TRflWL WITH MESHED UPPER SQUARE 
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