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TOWING REQUIREMENTS FOR A DEMERSAL PAIR TRAWL
(2 x 340 H.P. VESSELS)

SUMMARY , ‘ |

This report contains the performance data of a F.M.A. Buckie
Pair Trawl - BT154 rigged with two bridles and Rockhopper
gear.

The net was towed between two vessels - the Aquila and the
Poseidon -~ each having nominally 365 H.P. installed. The
vessels were instrumented to record the perfofmance
parameters and will be the subject of further investigations
to be covered in a later reporti

The trials were carried out in March 1984 jointly by the SFIA
and DAFS who instrumented the trawl. It is, from DAFS
recorded measurements of the net that this report has been
compiled.

The report expresses the power requirements in terms of warp
tensions and settings of net speed, warp length and vessel
distance. While it would have been of greater. convenience to
fishermen to use horsepower or fuel flow rather than warp
tension as an indicator of vessel performance, an assumed
pull/power characteristic would not be valid for other
vessels. The two vessels used in the tri&ls had dissimilar
characteristics; the reasonS for this are being investigated
and will be discussed in a later report. The requirement for
any net setting are defined and the data is .presented in a
manner which can readilylbe used by skippgrs provided that

their vessels are equipped'wifh warp tension meters.



not be valid for other vessels. The two vessels used in
the trials had dissimilar characteristics; the reason$
for this are being investigated and will be discussed in
a later report. The requirement for any net setting are
defined and the data is presented in a manner which can
readily be used by skippers provided that their vessels
are equipped with warp tension meters.
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o

1 INTRODUCTION
The trials described herein for art of the fuel

conservation investigations commissioned by the Ministry of
Agriculture, Fisheries and Food. (Commission A.l.3 JAB1l6).

The overall aim of the trials was to obtain information which
may enable comparisons to be made of net efficiencies in
terms of volume of water fished per unit work done and also
to obtain data on vessel performance for correlation with
prediction.

The trawl net is a F.M.A. Buckie Pair Trawl - BT154 rigged
with two bridles and Rockhopper gear and was towed between
two vessels - the Aquila and the Poseidon - each having
nominally 365 installed horsepower. The trials were carried
out during March 1984 in Broad Bay - Isle of Lewis - jointly
by the SFIA and DAFS.



A measure of work done to tow the net may be expressed
in terms of warp tension and in this manner is
applicable regardless of the vessels towing it. The
power requirements of the two vessels used in these
trials and the relationships to the net and warp
tensions will be the subject of a further report. This
report therefore expresses the power requirements 1in
terms of warp tensions and is addressed to defining the
settings of speed, warp length and vessel distance, to
give the best efficiency with respect to warp tension
for any defined net opening. The data is presented in a
manner which can readily be used by commercial vessels
provided they are fitted with warp load meters. Data on
actual powers recorded on the vessels has been analysed
but is not presented here since the trials vessels had
widely dissimilar power/pull characteristics and power
or fuel consumption values would not necessarily be
valid for other vessels.

The trials were carried out in conjunction with DAFS who
instrumented the trawl. It is from their measurements
that the data given in this report has been compiled.
The engineering performance, geometery and drag of the
various gear components will be reported by DAFS.

It is known that the angular arrangement of the warps
has an effect on the efficiency of the gear because of
their herding effect on the fish. This cannot be
quantified by these trials and skippers must use their
own experience to guide them. However the report does
give an indication of the change in power demands and
net opening when the settings of the warps are changed.
Skippers may use this to assess whether the change in
power and thus fuel is justified.
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2 TRAWL DESCRIPTION
The trawl net chosen for the trials was F.M.A. Buckie

Pair Trawl - BT154. This is a commercial two panel
balloon trawl designed by the Buckie F.M.A. and a
drawing is given in Appendix I.

As the design is confidential to FMA ckie only the
basic parameters are given. <;?

The net was primarily rigged «:;h Rockhopper gear on a
two bridle rig though measurements were also recorded
with the net having a 3 bridle rig and also when rigged
with conventional bobbins. These latter two rigs are
diagrammatically detailed in Appendix II.

The technical details are as follows:

Net
Headline 37.5 metres
(1.55m+14.6m+5.2m+14,6m+1.55m).. (123 ft)
Footrope 45.8 metres
(0.6m+7.0m+30.5m+7.0m+0.6m) .. (150 ft)
Hoppers 30.5 metres .. (100 ft)
Chain Leg 7.0 metres ..{ 23 ft)
Adjust Chain 0.9 metres .o{ 3 ft)
Floats 36 x 280 mm «.{ 11 in)
Bridles
Upper 55.0 metres ..(180 ft)
Middle 27.5 metres .. { 90 ft)
Lower 55.0 metres ..(180 ft)
Sweeps 91.5 metres .+ {300 ft)
Bobbins 6.1 metres ..{ 20 ft)

3



3 VESSEL DESCRIPTIONS

The two vessels towing the net were the AQUILA - BCK
214, and the POSEIDON - BF 191, Both vessels are
typical Scottish trawler seiners constructed in wood and

fitted with three quarter length aluminium shelters.
Outline technical specifications are as follows.

3.1 Aquila

Dimensions
Length Overall .o q&%;s m
Length Registered <:g}5. 4 m
Breadth @ 5.49 m
Depth cee 2.74 m
Configuration

Conventional round bilge hull form with transom stern.
Closed aluminium shelter extending from stem to aft
side of wheelhouse. The main hull is subdivided into
five compartments viz:

fore peak

fishroom

engine room

crews cabin

steering gear compartment

Machinery
Main Engine - Caterpillar D343 nominally rated at 365

HP € 1800 RPM
Gearbox - Caterpillar twin disc with 4.5:1 ratio
Propeller - Brunton 'Superston 70' 4 bladed 52in dia
40in pitch right hand.



3.2 Poseidon

Dimensions
Length Overall vee 19.20 m
Length Registered cee 17.98 m
Breadth ees 6.50m
Depth ses 3.76 m
Confiquration

Conventional round bilge hull form with transom stern.
Closed aluminium shelter extending from stem to aft
side of wheelhouse. The main hull is subdivided into
five compartments viz: Q§§;

fore peak @@Q

fishroom
engine room
crews cabin

steering gear compartment

Machinery
Main Engine - Caterpillar D343 nominally rated at 365

HP @ 1800 RPM
Gearbox - Caterpillar twin disc with 4.5:1 ratio

Brunton manufacture 4 bladed 56in dia
37in pitch right hand.

Propeller



4 TRIALS 10G
27th February 1984
Final instrumentation of vessels and net completed in

Stornoway.

28th February

Preliminary tows carried out to test instrumentation.
Tows terminated at 1500 hours due to worgeffing weather
conditions. %§g§

@)
29th February ©©Q

Five tows carried out with part instrumentation prior to
carrying out ten fully instrumented tows with 175
fathoms of warp out in a water depth of 12-26 fathoms.

lst March 1984

Five tows carried out with part instrumentation prior to
carrying out ten full instrumented tows with 250 fathoms
of warp out in a water depth of 45-56 fathoms.

5th March

Seven fully instrumented tows carried out with 350
fathom of warp out in a water depth of 47-58 fathoms.
The gear became fast after the seventh tow and the trial
was terminated for this warp length.

6th March
Ten fully instrumented tows carried out with 300 fathom
of warp out in a water depth of 42-58 fathoms.

7th March

Six fully instrumented tows carried out with 300 fathom
of warp out in a water depth of 46-55 fathoms and the
net rigged with three bridles.



8th March

Nine fully instrumented tows carried out with 300
fathoms of warp out and five with 350 fathoms of warp
out all using conventional bobbin gear. These tows were
carried out in a water depth of 48-58 fathoms.

9th March

The trial now being complete the instrumentation was
removed from the vessels.

@Q@



5 PROCEDURE

All tows, with the exception of those with 175 fathom of
warp out, were made on the same tow between Tiumpen Head
and Tolsta Head across Broad Bay. Each tow consisted of
up to 10 blocks (periods of 15 minutes whilst towing at
constant RPM). Half the blocks were taken in one
direction while the remainder were taken on the
reciprocal course to allow tide corrections to be made.

Towing speeds and net speeds were measured using
Braystoke logs. The warp tension aQQ%;ch of the vessels

(position ref T1l) was measured uii st¥ain gauge tension

meters. Tensions were corded wusing self
recording load cells, fitt the following positions

- (refer to Appendix I for diagram).

T2 warp - sweep connection
T3 mid sweeps

T4 sweep - bridle connection
TS5 wupper briddle-net

T6 lower bridle-net

Self recording acoustic meters were fitted to measure
wing end spread, mid bridle spread, fore sweep spread
and headline height. A manometer was also used to
measure headline height.

The average results of the various recorded parameters
supplied by DAFS are given in Appendix III.



6 DATA ANALYSIS
The recorded parameter values read in this analysis are

summarised in Appendix 1IV. The wvalues have been
analysed in such a manner that tidal effects have been
accounted for and the data examined collectively to
enhance the analysis.

6.1 Derived Formula
In the analysis methods using multiple line-ﬂ<§> ssion
have been used to determine formula whin @ the best

fit to the recorded values and gole graphical

presentations to be derived for predicting the mouth
opening of the net and the warp tension.

6.1.1 Single Warp Tension~W.T.
WT = exp(-0.30524+4+0.3003*Vn+0.00027*W
-0.0036*d+1.10046*D)

For 31 data points this formula predicts the warp
tension with a standard deviation in proportional error
of 0.049 and on average overestimates by 2.6%.

6.1.2 Horizontal Opening~Ho (Wing End Spread)
Ho = exp(4.43014-0.02302*Vn-0.0039*W
+1.66405*D-0.00142*43)

For 20 data points this formula predicts the Horizontal
Opening with a standard deviation in proportional error
of 0.018 and on average overestimates by 0.1%.



6.1.3 Vertical Opening~Vo (Headline Height)
Vo = exp(3.46534-0.20779*Vn+0.00254*y
-1.35148*D-0.006926*43)

For 23 data points this formula predicts the Vertical
Opening with a standard deviation in proportionalgerior
of 0.049 and on average underestimates by 0.1‘;§§4&

net speed (knot@.:

where Vn

W = warp out (fathoms)
D = vessel distance (naut. miles)
d = water depth (fathoms)
6.2 Comparison of Predicted and Recorded Values

Plots of the recorded values and the resulting curves
derived from the analysis are shown in Figs. 1 to 11
inclusive.

Tabulated analysed values for nominated net speed
values for the tows comprising the trial are given in
Tables 1-3 for the average depths of water recorded on
that tow. Tabulated predicted results for nominated
values of warp, vessel distance, water depth and net
speed are given in Tables 4-12.

10



7

RESULTS

The results of the analysis show that whilst holding the

remainder of the variables constant (i.e. to consider

net speed; warp, distance and depth remain constant),

the effect of: QQ&

(i)

b)

c)

(ii)

a)

b)

c)

(iidi)

a)

b)

c)

increasing net speed givig:Q eY an operating
range of 2.4 to 3.8 knots

increased warp tension at a rate of 35% per knot
decreased horizontal opening at a rate of 2% per
knot
decreased vertical opening at a rate of 19% per
knot

increasing the length of warp out gives

increased warp tension at a rate of 1.4% per 50
fathoms

decreased horizontal opening at a rate of 2% per
50 fathoms

increased vertical opening at a rate of 13.5%
per 50 fathoms

increasing the vessel distance apart

increased warp tension at a rate of 1ll% per
1/10th nautical mile

increased horizontal opening at a rate of 16.6%
per 1/10th nautical mile

decreased vertical opening at a rate of 13.5%
per 1/10th nautical mile

11



(iv) increasing water depth gives -

a) decreased warp tension at a rate of 3.6% per 10
fathoms
b) decreased horizontal opening at a rate of 1.4%

per 10 fathoms
c) decreased vertical opening at a rate of 10.9%
per 10 fathoms.

A tabulated summary of these results is given in Table
13.

In order that these results may be readily used a
graphical method is presented from which the values of
warp tension, horizontal opening, and vertical opening
can be determined - ref. Figs. 15 to 26.

RN
TN .

~

L%
,'* \ y' Y
/ v

This presentation is based on the Rfédigfyfhat the user
is familiar with the grounds he wiske® to fish and the
type of fish to be caught. Using his knowledge and
experience he will know therefore the speed required to
catch the fish, the depth of water, and the net setting
most suitable for the shoaling characteristics of that
type of fish. A summary presentation - comprising
three graphs - of Figs. 15 to 26 is given overleaf, and
also in Appendix V. A combined cross plot of this data
for a typical net speed of 3 knots is also given in
Appendix V.

12
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8 DISCUSSIONS
8.1 General

When a change in either vertical or horizontal opening

is required it can be achieved by changing either
vessel speed, warp out, vessel distance apart or a
combination of these. The effects of changes in these

variables is surmarised in Table 13.

If an increase in warp tension i q;ggurred then an
increase in fuel consuption is incurred. The
potential increase in catch rat@: zected by a change in
one or more of the above var ‘aes must justify the
increase in fuel consumption. In order to assist
skippers in making decisions which are relative to fuel
costs a quide is necessary which relates fuel costs to

warp tension. To this end it may be said that:

(i) whilst maintaining a constant net speed a change
in warp tension of 10% will incur a change in
fuel rate of approximately 20% (i.e. wvarying
warp and vessel distance to change warp tension)

(ii) whilst maintaining constant warp and vessel
distance a change in warp tension of 10% will
incur a change in fuel rate of approximately 23%
(i.e. varying vessel speed)

A tabulated summary of the changes incurred equivalent

to a 10% increase in warp tension is given below.

16



For 10% increase in Warp Tension

Change incurred Amount of Approximate % Change

by Change Horizontal Vertical
Opening Opening

Speed + 0.3 knot - 0.6 - 5.4

Warp + 357 fathom -14.3 +96’. 4

Vessel Distance + 0.09 nm +1s \&12.3‘

Depth ~-27.8 fathom +30.3

The vertical and horizontal openings decrease as net
speed increases. The natural explanation for this is
that as speed increased more of the sweepwire is pulled
off the seabed by virtue of increasing the net
resistance and this reduces the spreading force
contributed by the friction between the sweeps and the
seabed. This is in contrast to single boat trawling
using trawl doors where higher net speeds usually give
greater spreads.

17
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Rate
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8.2 Horizontal Opening

The horizontal opening decreases as speed, warp and
water depth increases and increases as vessel distance
increases. Referring to Table 13 it can be seen that in
order to increase the horizontal opening an increase in
vessel distance is the most efficient option.

e.g. to increase the horizontal opening by 15.1% the
vessel distance should be increased by 0.0%9nm which
incurs an increase in fuel rate of 20% an decrease in

.0*

8.3 Vertical Opening gg
The vertical opening increases a jarp increases and
decreases as speed, vessel distance or water depth

vertical opening of 12.3%.

increases. Referring to the table above it can be seen
that if a change in the vertical opening is required it
is best achieved by either increasing the amount of warp
out or by decreasing the vessel distance. To increase
the vertical opening by 12.3% (a 10% increase in WT
incurred) by either:-

increasing warp by 45 fathoms which would increase the
fuel rate by 2.6% and decrease the horizontal opening by
1.8%

or
decreasing the vessel distance by 0.09nm which would

decrease the fuel rate by 20% and also decrease the
horizontal opening by 15.1%.

18



Thus it may be said that for a similar increase in
vertical opening a fuel rate decrease of 20% and
decrease in horizontal opening of 15.1% must be compared
with a fuel increase of 2.6% and decrease in horizontal

opeing together with the unquantifiable effect extra

<§&§ .

s

warp would have on herding the fish.

19



9 CONCLUSIONS
9.1 Horizontal Opening

The most effective and efficient method of changing the
horizontal opening is by varying the distance apart of
the vessels. Adjustments to the warp out or the speed
of the vessel must be quantified in other terms to
substantiate their use to change the horizontal opening.

The effect of a change in depth is minimal -1.4% per 10
fathoms - and therefore a substantial change in df@pth is
necessary to warrant an adjustment bggg? ade.

th

9.2 Vertical Opening g:
To effect a change in vertical op \g

effective method is a choice between changing the amount

e most

of warp out or changing the vessel distance. The former
incurs little change in fuel consumption and horizontal
opening but has an unquantifiable effect of warp on fish
herding. The latter has a substantial effect on both
fuel consumption and horizontal opening. The effect of
a change in depth is also quite substantial - 30% per 10
fathoms and therefore adjustments to the vessel distance
or warp out may be necessary when fishing on a shoaling
tow.,

9.3 Vessel Speed
A change in vessel speed to improve fishing effort must

be used with caution since an increase in speed whilst
only marginally effecting the set of the nets, does so
negatively and incurs a substantial increase in fuel
rate.

20



9.4 Warp
A change in the amount of warp out will incur a

substantial change in vertical opening whilst giving
only small changes in horizontal opening and fuel costs.

9.5 Vessel Distance

Changing the vessel distance is the most effective way
of changing the set of the net. It does however give a
greater percentage change in fuel rate then it does on
either vertical or horizontal opening.
SN

A

9.6 Water Depth . \‘,/
A variation in water depth substantlalkx effects both

the vertical opening and fuel rate. However, as depth
changes the effects on vertical opening and fuel rate,
in terms of efficiency, oppose each other.

21
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AMNALYSED VALUES FOR AVERAGE TOW PARAMETERS ON TRIAL
TABLE 2

Halies of 'WT, Ho; Yo @ Met Speedz(Va} for sach Warp Lengthlw) &Vessei Distance(D)

Distannes= Q26 n.m.

warp Length= 173 fthmn Il Wars Length= 250  fthay
i

Avie mean J= 1787  fthm Il Ave raan d= S1.08  fthm
il

Mot Soeed  Warp Tension Hor. Oprg.  “ert. Opng. f|  Met Speed Warg Tenzion Hor. Jpng. =it Gpreg.

Vs (knnts) W T Ctons) Ho V1) Yo F) ) vsiknots)  WT tonsd He 054 Vo FE)
ft
=.4 1895 100,52 2048 [ 2.4 163 9347 1924
ZE 197 100.46 1363 il 286 73 3304 2o
28 2009 1213000 13.22 I 28 1930 [ &2 13357
30 222 29 54 1306 i 30 Z.01 2219 17.34
32 2.35 99 .08 1733 ] 32 2.14 17 {523
54 2.91 WL 16.62 il 34 2.27 St I8 19 36
e 2EE AT 1594 I 36 2.41 RS I
T2 <323 W2 *5.30 i I8 256 R RR] L2
v\
Warp Length= 300 fthm Il Warg Langth= 356 i
i
Ave mean §= S0 73 fthraassumed) I Ave mean d= S167 finea

il
Met Speed  warp Tension Hor.Opng. vert.Dpng. | Pet Speed ‘Warp Tension Hor Sprg. Mert lgag
Vi lenots)  WT (tans) Ho (ft) Yo (FY) Il vs(knots) WT {tons) Ho ¥ ft) Yo (Ft:
I

24 1.71 .7 2235 i 24 172 TA82 522
26 1.31 91.29 21 44 Il 2.& 133 B39 .41 243
28 192 30.27 2057 I z2 i34 00 23 0
30 204 W45 1973 I 30 206 213 59 2228
32 2.7 90.04 1393 i 3.2 219 3312 21 I8
3.4 2.30 3962 18.1& il 24 233 37 78 25 45
3.5 245 3.2 17.42 i 36 247 37.37 P83
33 250 33.e0 16.71 ] 38 262 85.97 e



ANALYSED VALUES FOR AVERAGE TO% FARAMETERS ON TRIAL
TABLE 3

Yalues of 'WT [ Ho, Yo @ Mot Specds(Vn) for cach warp Lengthiw) &Vesse! Distance()

Distap: e= D25 ore

Warp Length= 175 fthm | Warp Leagth= 250  fthm
I

Bd pean d= 1725 fthm I Ave mean d= S1.25 fthm

I
Met Spesd  Warp Tension Hor Opng.  “ert Jpng. §f Met Speed  Warp Tension Hor Qpng.  Yer® Dong.
Wz flenats)  WT Ctons) Hn {1t) Vo lFt) I Wewanotz)  wWT (tons) Ho 11t Wy iFH

it

2.4 197 16375 191¢g i 24 1.797 0158 1334
26 202 in2.24 iS40 ] 26 1.38 101.09 17 29
] =22 108 74 1765 fi 28 230 116,83 H -
340 235 102 24 1392 i 0 2132 100 5 £ 3
2.2 2350 107.7< 1924 ) 32 2.26 99.70 1553
4 2E9 10723 15.598 i 34 2.40 2 ) 427
3k P 106 75 14 35 il 36 254 93 75 12
e o9 106.26 14.24 1] 3e 2.7 23 24 1T
‘Ward Length= 00 fthmn | warp Length= '5'5? | fft‘(_'r.n

“ AT “
AV rozan 4= S3.5 fthriassumed) | &vs mean -L S5  fthen

M=t Speed “farp Tenzion Hor. Opng. ‘ert Opng. || et Speed Warp Tension Hor. Opng  Verd Dpra

Yz Cenots)  WT (tonsg) Ho () VoUF) § Vvstknots)  WT (tons) Ho {ft) Yo (F*
]
2.4 1.30 9970 20.93 i 24 1.79 6 35 273
24 1.92 99.24 20.07 ! 2.6 1.90 96 .50 N
2.2 203 93.79 19 2¢ i 28 202 36 Q& oo T
)] 218 93.34 13.47 | 30 2.14 25 82 o312
32 2.29 27.88 1772 ] 3.2 227 WL 12 70
T4 2.44 97 432 1700 i 24 242 94 74 1232
IF 259 95 .99 1631 i 36 237 3 31 17 TE
e 2.79 96.54 15.64 ] 38 2.72 9387 7 od



PREDICTING VALUES FOR A CIONST AMT WATER CEPTH

TABLE 4
Walues of WT Ho, Vo @ Met Speadsi'vn) for each Warp Length(yw) & 'Yesse] Castancell)
Distynees 215 nam.
Warp Lemgth= 1795 fthm il ‘Warp Length= 250 fthm
Ave mean 3= Z0  fthro :; dve mean d= 30 fthe

et Seeed  Warp Tension Hor. Cong.  Yert Dprg | MetSpeed Warp Tenszion Hor. Jpna.  Vert. Gpneg.

We otz T {tons) Ho (1) YoFt) | ¥siknots)  WT {tonsd Ho i'ft; o LFt
!
i
g 153 2125 2010 il 24 1.72 53.62 2432
2.6 i 0 .84 1928 | 26 1382 3322 2333
X8 1.90 ) 42 1350 f 28 1.94 37.81 2234
Tz 201 90 00 17.74 i 30 205 37 .41 21 47
R 214 29 59 17.02 i 3.2 213 37.01 20 55
34 227 39.18 16.73 [ 3.4 232 25 6.1 12 7S
36 2.41 3377 15.64 1 z5 2.45 36 21 1538
3.2 2.56 83 36 15.02 0 38 261 253 1313

Warg Lengihs 300  fthm I} 'warp Length= 250" iihm
Ae crzan d= 30 ttheelassurned) % Ave mean d= 0 <thm

fet Speed ‘warp Tension Hor.Opng. VYert. Opnq. || Mot Speed ‘Warp Tension huor. Song.  Yert. Jona.
Wrkkeotzn o WT (tons) Hi (1) Yo (Ft) )| Wslknots) W7 ftons) Hi (1)

P

n
-’.
%

2.4 1.74 361 2761 I 2.4 1.76 35.22 135
2.8 1.385 86 .51 26 .49 il 2.8 1.37 34 284 07
z2 1.96 86.12 25.41 i 2.8 1.39 34.45 ST et
3.0 2.53 85.7¢ 2437 i 3.0 2.1 :5'4 G TV eY
3.2 221 2533 2338 il 32 224 I E8 25 T
34 235 84.93 2243 i 34 2.33 ‘Bo 29 2947
IE 2.49 34.54 21.52 i 36 253 323 2543
IE 2.65 84.1¢ 20.64 d 38 2.638 3253 2344



PREDICTING VALUES FOR A CONSTANT wATER DEPTH
TABLE 5

Yalues of 'WT; Fo, Vo @ Met Speeds(Yn) for sach “Warp Lendth('w) & VWessse) Tistsnest [

Cistarme= J.13 nm.

Warp Length= 175 fthen | Warp Length= 2590 fthm
]

Ave wan 4= S0 tthm i Ave racan d= 3 rthen

Met Speed  Warp Teazion Hor. Oprig.  Yert. Opng. || Mot Speed “Yarz Tension Hor.Opng. et Qpng.

Vs iknats)  WT (tons: Hi i) Vo lFY) Il Weoiknots) wT ftansd Hi OTHY AT
]
o4 156 3870 1750 i 24 1 =0 S5 .14 2117
26 1 65 ar 2z 16.79 i 26 17 £5 7S v 3t
27 155 37.8% 15.10 I 28 1.3 32.35 1542
e 1387 87 .48 19.45 1 30 R B 28376 12e?
32 1.39 27 .0¢ 14 a2 il 32 203 2457 179z
sS4 2.3 3558 14.22 il 3.4 =15 5412 T e
36 .24 35 28 1364 ] SA 29 2380 12 T
38 .33 235.8< 1308 i R 243 332 ‘T el
;_9 ’
\ N 2
Warp Lergthe TG0 fthm il Ware Length= B0 b
[]
it
Avess fousan 4= =2 fthralassumed) b AYe mean d= 3 Shen

Net Spewd  Caarp Tension Hor.Opng. Vert. Dpng. I} Met3Speed ‘Warp Tension hor. Jpng  ert Jooa

Vs (knots)  wT (tonz) Ho (ft) Vo (FY ) Wslknotsd T {tons) o i) Wy (F
]

24 162 84 .48 24 04 i 24 164 8z %= S
26 1.72 S4.09 23.06 | .6 154 23247 P
2e 133 3370 2242 ] .8 1.8 2272 ez
30 1.94 3332 2122 i 0 196 31 71 24 0
3.2 206 32.94 20.2& 1l 32 0% 21.74 PR
s4 2.19 82.5¢ 1952 ] 34 222 SO 2e 227
TE 2.32 32.18 13.7%2 i 3& 2.3 5029 vz
32 248 2180 17 97 H] 38 2.50 B0.22 rRUTIE S



PRECUCTING V ALUES FOR A CONSTANT WATER DEPTH

TABLE »

Malues of WT; Ho; VYo @ Met Spesds(t'n) for sanh Warp Langth™y) %%es3sl Tistanse(D

Distance=
Warp Lerth=

Aye rvean =

Met Spesd  Warp Tension Hor. Opng.

Vs Uknots)

G AU LRI S Y
(O O SR N B B (VR Y

Warp Langth=

Ave rasan =

tlet Speed ‘Warp Tension Hor. Opng.

Yz Cknots)

.4
2.6
2.8
30
32
T4
6
3.2

“WT (tansg)

00

70

%WT (tans)

1.5
1.60
1.70
189
132
293
2.16

a n
b in

n.m.
thm

fthrn

Ho (1)

36.22
3552
3543
3303
34 £4
34.25
33.87

23 48

ttheve

fthrlassurned)

Ho (ft)

8211
31.74
3136
31.99
30.61
30.24
73.88
7251

Vert. Gprg.

VYo (F1)

15.24
14 61
1402
13.45
12.90
12.38
i1.87

49
Lo

)
0

Vert. Opnqg.

Yo (Ft)

2093
2008
19.26
13 .48

t7.72

17.00
1621
1565

I Warp wengths
I
1 ave mean d=

I NetSpeed Warp Tenzion Hor. Cong.
WT itons)

I vz (knots)

f

il 2.4
! 26
i 2.8
] z0
It 32
il 34
il 36
I 33

| warp Lergth=. ™
W Ave raean d=

et Speed
Wz (enats)

{ ) b M B
MNMOoOmo e

01 01 0 &
[ L0 I N

2506

Tthm

70 fthmn

Ho (ft)

1.39 22 73
153 2335
163 32.96
1.72 32 .58
1.39 32.20
2.0 21 22
213 31 .45
2.2% 31 67
\§:
30 thm
T3 tthm

AP =0 =~ s

‘Warp TVension Hor. Opng.

YT ons) Ho (£
<3 20.5%
H2 80 te

2 7379

7342
7306

R
-2

- Cooop)
5

o 739
e 73.23
32 TEET

Yar
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PREDICTING VALUES FOR A COMST ANT W ATER OEPTH

TAELE 7

Values of WT [ Ho: Yo i@ Met Specdsiin) for each Warp Lengthit) &\Vessel Distanro(2:
Distanges= D2 oo

Warp Length= 175 fihm Il *arp Lenyjth= Bk I S LR
AV fean = 30 fthrn g Ava rrzan 4= 30 fthr

]
Met Speed  “Warp Tension Hor Opng.  Vert. Opng. I Mot Spesed ‘warp Tensine Hor Opig.  ‘“ert Jpeyg.
Yriknotsd  WT (tons) Ho [ft) YolFt) Il “siknotst  wT {tons Ho (L) Yo (F)
" < N

Y

]

24 173 3317 1879 |l 24 25 RO T4 2273
2k 1.29 93.72 13.02 i 255 ©.',3 | 3527 212
28 200 93 26 1729 [} };@ 224 3542 25 51
3.0 21z 9781 1658 |l 3. 217 9253 20.0¢
32 =26 97 36 1591 il 32 231 93 56 1945
3.4 .40 35.91 1526 |l 3.4 225 e 02 1A
o 255 ‘5 47 14 £4 il 6 2.5 93 59 £V
3.8 o7 26.0% 14.04 i TE e 75 R N
‘Warp Length= LD Tthm | Warp Length= IS0 fhm
il
A e an o= 30 fthrn{assumed) | Ave rozan = I3 fthin
h
Met Speed 'Warp Tension Hor. Opng. Vert. Opng. {| Met Speed warp Tenston Hor Lprg.  Vert. iJpra
Wz fknots) T {tons) Ho 1) Yo (FY) | Wslknots)  wT (lons Ho {ft) Vo e
i
2.4 1.34 94 .45 25.20 il 2.4 126 IET T3
286 195 94.02 24.75 il 2.8 193 92.20 5.0
28 297 23.59 23.7S i 2% 247 272 26 R4
30 220 9318 22,78 i 30 223 BT 23 .37
32 z.34 92.7% 2185 ] 32 237 AC 34 228
T4 2438 2.3 25.96 ] 34 23z M FL 23.3G
35 254 91 g8 201 il 36 287 0.1 22827
8 z.:0 2146 1929 I 38 234 5957 21



PREDICTING VALUES FOR A CONSTANT w ATER DEPTH
TABLE 3

Values of WY Ho | Yo @ Net Specd:z(/n) for each Warp Length(W) &4Wesze" Siztsnce(D)

Distance= 32 nm.

‘Warp Length= 175  fthm Il Warp Length= 233 Tthm
i

dve rvean 4= S0 fthm I Ave ragan d= S fthm

il
Met Speed  Wars Tension Hor.Qong.  Vert.Opng. || Met Speed ‘warp Tenzion Hor. Opng.  Vert. Oprg
Vs iknots)  wT {tons) He ift) Yo ir) N Walknotsi wT (tanm Ho (5L VO ori)

fl

2.4 1 85 3629 16.26 i 2.4 159 2362 19 7%
zE 1.76 35 .95 1569 i 26 179 23,12 153.38
2.8 1.86 3551 1S 05 i 28 1.90 32.76 1301
30 1.92 95.07 14 .44 ] 0 2.02 3233 1747
3.2 210 94 54 13.85 ] 32 2.15 31 .91 1£.76
34 223 2420 13.29 ] T4 223 21 .49 -ger)
35 2.37 377 12.75 ] 38 242 91.J7 1547
3.8 252 23.34 12.22 i 38 257 EEA 1479

-""‘\"'3.,":;’;
O' R
Warp Length= Z00 fthm I 'warp Le@ SO o
"
i
€ S0

&ve mean d= 33 rthmlassurned) I Ave rnean fthen
f
Met Speed  'Warp Tension Hor.Opng. Yert Opng. || MNet Speed ‘warp Tension Hor. Dpra  Yert Opng.
Vs Tknots) WT (tans) Hia (ft) Yo(Ft) |l Vs iknots) WT (tons) Ho (1t Y iFt)
I

24 1.7 21.81 2247 H 2.4 T3 0.0 5™
26 182 91.39 21.55 i 28 1.34 3382 24 .47
2.8 133 90.57 20e8 il 2 -] 9.2 2% .e7
30 205 23.55 1383 i 3] 2103 33.80 22 IL
32 217 2013 19.0% i 3.2 20 3339 2180
34 2.31 8972 13.25 ‘ 34 2.34 37 99 2272
EX) 2.43 32.31 17.51 ' 3.6 o X 87.52 iR EE
LR 280 33.%0 16.80 ] 38 204 87.08 1367



PREDICTING VALUES FOR A COMNSTANT WATER DEPTH

TABLE 9
Yalues of 'WT; Ho, Yo @ Met Sacedsf¥n) for cach Varp Lengthly) &Vessel Distance!l
Tistances Q.2 no

W arp Langth= 179 fth | Warp Length= 250 fthny
i
Ay mean 3= I fthro I Ave m2an d= 0 fthm
il
Het Speed  Waro Tenzion Her Qpra Wert Opng B Net Speed  Waro Tsnzion Hor. Tpng.  YWert. Zong
Yeknotsi wT tons) He o 1) Yo7t} I vsiknote)  WT (toass He (51 Wo fFd)

j

24 154 AT 75 14.24 i 24 157 AZ,33 HisgxA
26 163 327 13 EE i 26 Y 5 58 1552
28 173 32.54 13.10 i 2.8 177 3316 1585
3G 1.34 S22 4 12.57 ] 30 1.23 3975 1920
2 195 31 9% 12.06 ] 3.2 .00 £3 3% 14 5%
3.4 203 21 56 1157 ¢ 34 2.12 33.52 i
3 2.21 31.14 11149 i 36 2.25 2852 1543
32 234 20 72 mes e 2.32 — «:-"8»!?’ ol
R T I
e ,4 PR & ‘.x
’ .. 51
LT
\‘\._ZQ/\‘- £
Wargs Length= L0 fthm I} warp Length= [0 e
]
Mve faean d= T1) fthralassurned) il Ave mean d= 70 fthm

Met Speed  'Warp Tension Hor Opng.  Wert Opng. I} Net Speed ‘Warp Tension ror.dpng.  VYert Cpna
Vs (knots)  WT (tons) Hi (1) Vo (Ft) 4 wslknots)  wT (lonss Ho {f) Wa (74

24 1.59 8224 19.56 il z4 -3 375 2z.21
286 1.69 33 83 15376 i 26 1 3701 243
ot} 173 8342 1300 ! 28 132 85.71 20 23
30 1.91 8:3.01 17.27 i 30 1.33 36.31 RS
3.2 202 876 1557 il 3.2 2.5 23592 =k
34 2.15 37.21 1589 If T4 2.8 3352 g
3£ 2.28 25 81 152 It 36 2.3 3543 T3
3.8 242 35 .41 1462 Il 33 245 2473 14 &0



PREDICTING VALLUES FOR A CONSTANT "W ATER CEPTH
TABLE 10
Waluez of WT: Ho, VYo @ Mt Spesds(Vn) for 2ach Warp Length('w) &Vesss: Distance(D
Distances= D.2% nm.
Warp Length= 175 fthm | ‘Warp Length= 250 Tthm

i

A raan 4= 3D fthr I Ave mesn d= 30 fthee
i
Mzt Speed  Warp Tenzion Hor Oong.  Vert. Opng. i|  Net Speed  Warp Teazicn Sor g ry. Vet Tpreg

Vi ownots)  WT (tons) oA Vo(F©) I Vsiknots) %7 .tons) o 198 Y F1)
L]
il
2.4 133 2798 1756 | 2.4 192 13457 27 24
26 1.9 107.2 tesd f 26 203 CRE 2038
28 212 106.79 in.16 i 23 272 a3 13.55
z0 223 106.33 15.50 if 30 222 G323 1875
32 233 15 31 1357 I 32 2.44 1z 7s O
34 253 1105.32 P9 .26 I 3. 239 [RXrIE ‘Tz
3.6 259 154,34 13638 I 35 2.3 idy 32 2 I3
58 Z.35 104 34 1342 i 3z 292 TG ES T
P
Warp Length= 302 fthm il ‘Warp Length= 39t
i
Ave raean d= 33 tthealassumed) I Ave razan d= 33 fthm

Het Speed  Warp Tension Hor Opng. ‘Yert. png. || Met Spesd Waro Tenzive ror Dpng.  Vert. Doag.
Vs (kniats)  WT (tons) Hio (ft) Yo (Ft) I Vslknots) w7 itons) He (ft) Vo /FE3

2.4 1.24 102.65 412 I 24 197 ERA -4 27 &
2.6 206 102.13 23.14 i 26 209 VG20 RS- T
2.2 29 10171 222 il 28 222 AT T2 Ie.lT
340 233 101.24 £1.29 i Z.u 2.38 P 24 18
32 247 100.77 2043 i 32 2350 T2 I35
34 262 100.31 19.83 i 34 256 9237 22.2%
36 273 23.85 i3.80 it 36 282 3732 2 34
38 296 99,39 13.03 I 38 3.00 BRI AT



FREDICTING VALUES FOR A CONSTANT WATER DEPTH
TABLE 11

¥alues of WT; Ho; Vo @ Met Speedz(Vn) for each Warp Length(W) &Vesss Distance(D)

Distance= 0.25 nm.
Warp Length= 175 fthm Il ‘warp Length= 250 fthm
I
Avz riean J= S50 fthin I Ave mean d= 50 fthm
I
Net Speed  Warp Tension Hor. Opng.  Vert Opng. || Met Speed Warp Tension Hor Opng.  “ert Doy
Vs itknots)  WT (tons) Hiy . 7t) Yo (Fr) § ¥siknots)  WT Ctons; Ho (78 POREEY
{
24 .75 104 78 15.29 il 2.4 1.73 74 13.3%
2E 1.86 110422 1466 26 1.33 0127 17.74
28 1.97 10330 1407 ] 2. 2 1005 31 17.02
o 205 103.32 349 il 30 213 10638 1432
3z 2.22 162 85 12,95 ] 3.2 227 3 o8 1S.EE
3.4 238 102.37 124z | 3.4 241 29.42 "I0L
36 2.50 10193 1.9 il 35 2.58 e T4 4
38 2586 101 .44 11az 38 > 7 23.51 *ZcT
‘Warp Length= Z00 fthm i ‘Warp Length= 350 rthm
i
Ave mnean d= S0 fthealassumed) | Av= raean d= 50 fthea
]
Met Speed ‘Warp Tension Hor Oprg  Yert. Opng. {l MNetSpeed ‘Warp Tension Hor. Opng. Vert Dpag
Vs (knots;  WT (tons) Ho (ft) Yo (F3 I Vzlknots)  ¥T (tons) Ho {f1) Yo (74
i
- 1.81 9977 21.00 I 24 133 3785 -8
26 1.92 9932 20.14 ) 26 1.94 97 41 2eT
2.8 2.04 93 .86 13.32 It 2.8 2.07 36 .35 2" F4
30 2.16 93 .41 13.54 It 30 219 3¢ .50 Jag B
32 2.30 97.95 17.7¢ It 32 .33 96 36 205
34 2.44 27.50 17 .06 I z4 2.47 562 eI
3.6 2.59 37.06 1538 i 36 263 s 18 "2.58
38 273 96 61 15.70 H] B 2.79 4.7 1T e



PREDICTING Y ALUES FOR A CONSTANT WATER CEPTH
TABLE 12

Values of 'WT, Ho, Vo @ Net Spesds(Vn) for 2ach Warp Lengthl'w) &VYessel Dis 'fan»‘-—»f‘,

o
Diztarme=s 2% nm. . 4
218
W.arg Length=s 175 fthm I Warp LQEh=" 290 fthm
] o
A mean d= 7O fthm I Ave rasan d= 70 fthm

Mt Spexd  “Warp Teasion Mor Oprg. Yert. Opng. I Net Spesd ‘Warp Tension *-’m JLong  Hert Targ.
ve Jenots)  wT Liang)d An T YoiFt) I VYsiknots) T (tons) Hia 1§25 Vo T
K|
o4 163 101 .32 13.31 ] 24 1.om Q2 .89 -
2.6 1.72 101 .38 1277 i 26 176 2 34 1545
28 1.33 1Q0.33 1225 I 28 127 3T e =
ERr] 1.35 100 a3 1T il 30 122 37537 1a i
22 207 397 11.27 I 3.2 20 27 0% 1T ed
T4 249 39 .51 e | 34 2249 A% 24 *T %
36 =33 a9 0% 1037 i 3.6 235 ELERE H
33 242 360 Q935 B 38 952 AT R
Ware: Length= 300 fthm | ‘warp Langth= IS fthm
]
Ave mean 3= 7O fthew assuried) I &ve mnan d= T fthm

Met Speed ‘Warp Tension Hor.Opng. Vert Opng. i| Net Speed Warp Tension Hor.dpng.  Vart Lomg.
Y¥iiknots)  WT (tons) Ho (1) Yo (F) l| Vs(knots)  WT (tons) Hio () Wi [Fhy

2.4 168 96 .28 1228 ) 24 1.70 E 20 76
2.8 1.79 96.53 17.54 i 26 1 51 5447 TN
258 1.90 36.09 1552 li 2.8 132 a4 24 TR0
3.0 2.01 95 &5 15.14 i 30 2.04 93 &5 1333
3.2 2.14 95 21 1S 48 li 3.2 247 93 17 P79
3.4 227 94.77 14 85 I 34 230 92 54 15 36
3.6 2.41 24.24 1325 [ 36 2.44 s 1218
38 255 93.70. 1367 ] 3.8 259 5203 1Tl



TABLE 13

EFFECT OF CHANGING ONE VARIABLE WHILST MAINTAINING THE VALUES

OF THE REMAINING VARIABLES

values

Q§ﬂ
The effects are expressed as perce@@@ the original

APPROX ¥ CHANGE

VARIABLE INCREASED WARP HORIZONTAL | VERTICAL
TENSION OPENING OPENING
SPEED per knot +35 - 2 -19
WARP per 50 fathoms + 1.4 - 2 +13.5
DISTANCE per 1/10 naut mile| +11 +16.6 -13.5
WATER DEPTH per 10 fathoms - 3.6 - 1.4 -10.9
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III XIAN3ddy

AVERAGE RESULYTS OF RECORDED PARANETERS DERIVED 8Y DAFS

TUW REF. DAFS Aru4/4 DATE 29TH FEBRUARY 1984
Srila /-
WARP OUT 175 FATIHOMS TRAWL RIG 2 BRIDLE WITH ROCKIIOPPER GEAR
BLOCK NG. 1 2 3 4 5 6 7 8 9 10
Vessel Distance Apart (nm) 0.20 6.20 0.20 0.25 0.15 0.20 0.20 0.20 0.25 0.15
Engine RPM 1400 1500 14%0 1450 1450 1400 1500 1450 1450 1450
AQUILA
Warp Tension T1 starb (tons) 2.50 2.85 2.70 2,70 2.42 2.25 2,67 2.35 2.35 2.40
Ship Speed {knots) | 2.90 3.15 3.00 3.20 3.30 2.55 2.65 3.10 3.1o 2.95
Warp Declination (dey) 9 u 8.5 9.5 10 9.5 8 8 8.5 9
Water Depth (£Lhn) 19 18 18 24 26 20 15 15 12 16
POSEIOQON
Warp Tension T1 port (tons) 2.07 2.35 2,24 2.12 1.93 1.90 1.95 }.80 2.10 1.93
Ship Speed (knots) | 3.07 3.15 3.10 2.68 3.05 3.0V 3.00 3.50 2,50 3.00
Warp beclination {dey) - - - - - - - - - -
Water Depth (f£cvhm) 17 14 14 18 24 24 20 18 15 18
SPREADS (PEKT)
Wing End 98 97 98 100 90 100 103 102 110 93
Hid Bridle - - - - - - - - - -
Fore Sweep - - - v - - - - - - -
TENSIONS (TONS)
T2 starb - - - - - - - - - ~
T2 port 2.00 2.28 2.17 2.08 1.84 1.80 1.85 1.76 2.05 1.82
T3 starb - - - - - - - - - -
T3 port . - - - - ~- - - - -
T4 starb - - -~ - - - - - - -
14 port = - ~ - - - - - - -
15 starb - - - N - - - - - - -
T port 0.98 1.05 J.02 1.03 0.90 0.87 0.94 0.64 1.02 0.77
76 starcb 0.481 .95 0.95 0.90 0.63 0.80 0.95 0.80 0.80 0.64
16 port - - - S - - - - - -
VERTICAL OPENING (FEET)
Acoustic Meter - - - - - - - - -
Manovmetler 14 17 17 17 19 20 19 19.5 18 20
NET SPEED (XNOTS) 31.05 3.35% $.20 2.95 3.10 2.70 2.80 2.60 2.65 2.75%

e e i et e i e ———— e - —— —




AVERAGE KESULYALS OF RECORDED PARAMETERS LDERIVED BY DAFS

TOW REP. LAFS
SF1A
WARP OUT 250 FATHOMS

APB4/6

/-
TRAWL RIG

DATE 187 MARCH 1984

2 BRIDLE WITH ROCKHOPPER GEAR

BLOCK NO.

Vessel bistance Apart (nm)

Engine KPHU

AQUILA

Warp Tension T1 starb
Ship Speed

Warp Declination

Hater Depth

POSEIDON

Warp Teusion T1 port
Ship Speed

Warp Declination
Water Depth

SPREADS (VEET)
Ring End

Mid Bridle
Fore Sweep

TENSIONS (TONS)
T2 scarb
T2 port
Tl starb
T3 port
14 starb
T4 port
75 starch
15 port
76 starb
16 port

VERTLICAL OPENING (FEET)
Acoustic Meter
Manometer

NET SPELD (KNOTS)

{tons)
{knots)
{dey)
(£thm)

{tons)
(knots)
{(deyg)
(fchm)

1 2
0.15 0.25
1450 1450
2.45 2.55
J.15 3.10
13 13
55 54
2.20 2.25
2.95 2.95
13.5 13.5
46 47
135 158
2.44 2.54
2.70 2.54
2.04 2.04
1.09 1.09
1.06 1.08
v.84 0.9%0
0.84 0.83
17 17
3.60 3.3

0.20
1450

2.50
3.00

3.60

0.20
1350

2.15
3. 10

56

L.90
3.05
14.5
52

149
2.08

2,02
1.73
1.04
0.90
0.73
0.71

17

3.05

0.15
1450

2.20
3.15
13.5
52

2.00
3.30
14.5
54

140
2.12

2.10
1.82
1.04
0.90
0.78
0.80

3.05

0.25
1450

2.30
2.90
48

2.00
3.50

13.5
50

102

0.20
1450

2.15
3.80
47

1.90

0.20
1550

2.45
3.90
12.5
49

2.15
4.00
12.5
56

147
2.34

2.36
1.92
1.07
0.98
0.87
0.82

10
0.20
1350

1.95
3.30

47

1.75
3.30
15.5
58




AVERAGE RESULTS OF RECORDLED PARAMETERS DERIVED BY DAFS

1Ton REF. DArS AL84/7 . DATE 5'F MARCH 1984
SIIA 1/-
WARPE OUT 350 FATHOMS I'RAWNL RIG 2 BRIDLE WITH ROCKIIOPPER GEAR

BLOCK NO. 1 2 3 4 ] 6 7
vessel Distance Apart (nm) 0.15 0.25 0.20 0.20 0.20 0.15 0.25
Engine RPM 1450 1450 1450 1550 1350 1450 1450
AQUILA
Warp Tension T1 starb (tons) 1.97 2.07 2.10 2.33 1.84 2.43 2.54
Ship Specd {knots) | 3.90 3.73 3.64 4.30 3.40 3.20 2.84
Warp Declination (dey) 15 14.5 14 13 15.5 13.5 13
Water Depth (Ethm) 57 56 51 49 52 56 51
POSELDON
Wwarp Tension T1 port (tons) 1.40 1.35 1.35 1.60 0.83 -
Ship Speed {knots) | 3.75 3.34 3.63 4.00 3.20 2.84 -
HHarp Declipnation (dey) 16 15.5 15 13.5 15.5 - -
Water bepth (Ethm) 58 57 52 Sl 55 54 47
SPREADS (FEET)
Wing End 82 97 87 Y - - -
Mid Bridle - - - 175 172 150 -
Fore Sweep 540 720 635 600 610 480 -
TENSIONS (TONS)
T2 starb 1.89 1.95 1.94 2.22 1.72 2.43 -
T2 port 1.57 1.80 1.73 2,05 1.54 2.10 -
T3 stach - " - - - - -
T3 port - ,ﬁ$§g - - - _ -
T4 starb - - - - - -
T4 port - N - - - -
75 starb - Do) - - - - -
TS port 0.63 0.73 . 0.69 V.91 0.62 0.35 -
16 starb 0.70 0.74 0.72 0.82 0.64 0.84 -
T6 port 0.53 0.59 0.56 0.69 0.49 0.73
VERTICAL OPENING (FEET)
Acoustic Meter 25 23 25 20 26 20 -
Manometer - - - - - - -
NET SPEED {KNOTS) 2.175 2.50 2.65 j.10 2.35 -~ -
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TOW REF. DAFS APH4/Y

SPI1A
WARP OUT 3U0 FATHOMS

u/-

TRAWL R1G

DATE

60 MARCH

AVERAGE RESULTS OF RECORDED PARAMETERS DERLIVED RY DAFS
[

1984

2 BRIDLE wITH ROCKHOPPER GEAR

BLOCK NO. 1 P4 3
Vessel Distance Apart (nm) 0.20 0.20 0.20
Engine RPM 1450 1550 1350
AQULLA
Racp Tension T1 starb (tons) 2.45 2.75 2.15
Ship Speed {knots) | 3.00 3.45 2.90
Warp Declination (dey) 15.5 14 16
Water Depth (fthm) 55 51 52
POSEIDON
Warp Tension 71 port (tons) 2.52 2.70 2.15
Ship Speed . (knots) | 2.90 3.35 3.0
Wacp Declination {dey) 15 13 15
Water Depth (fthm) 48 47 50
SCREADS (FEET)
Wing End 90 90 95
Mid Bridle 145 145 150
Fore Sweep 580 590 590
TENSIONS (TONS)
12 stath 2.26 2.52 1.96
T2 port 2.06 2.26 1.72
T3 starb - - -
T port - - -
T4 stacb - = -
T4 port - = ) -
75 stach 1.06 1,09 . 0.96
T5 port 1.07 1.16 |- 0.89
T6 starb 0.80 0.3%-|" Q.68
16 port - - ‘.;:"-’:.,')-
A
VERTICAL OPENING (FPEET) 4:
Acoustic Meter - - oD
Manometer ~ - -
HET SPEED (KNOTS) 3.35 3.62 J.00

2.60
3.80
12.5
49

J.02

0.20
1550

2.65
-3.05
50
2.65
3.95
54
150
620

0.20
1350

2.10
3.10
16.5
50

2.20
3.40
15.5
57

2.74




AVERAGE RESULTS OF HECORDED CARAMETERS DERIVED BY DAFS

‘I'OW REF. DAFS Av84/10 DATE  7TH MARCH 1984
SFIA 9/-

WARP OUl' 300 FATHOMS ‘t'RAWL RIG BOBBIN GEAR
BLOCK NO. 1 2 3 q 5 6 7 0 9
Vessel Distance Apart (num) .15 0.25 0.20 0.20 6.15 0.25 0.20 0.20 0.20
Engine RPM 1450 1450 1450 1550 1450 1450 1450 1550 1350
AQUILA
Warp Tension 71 starb (tons) 2.40 2.35 2.40 2.80 2,20 2.35 - 2.55 1.95
Ship Speed (knots) | 3.15 3.25 3.10 3.20 3.70 3.40 3.75 4.25 3.75
Warp Declination (deg) 13 13 13 12 14 13 12.5 12 14.5
Water Depth {(fthim) 50 48.5 49.5 51 59 58 53.5 53 56.5
POSE1DON
Warp Tension T1 port (tons) 2.84 2.95 3.05 3.40 2.84 2.94 2.63 - 2.62
Ship Speed {knots) | 3.03 2.90 3.05 3.27 3.70 3.35 3.70 4.20 3.45
Wwarp Declination {deg) 14.5 14.5 15 13.5 15.5 15.5 4.5 14.5 16.5
Water Depth {£thm) 54 51 55 55 $7 56 50 48 50
SPREADS (FEET)
Wing End 70 95 - 85 - - - - -
Mid Bridle 130 174 156 153 137 181 158 158 158
Fore Sweep 32u 545 470 475 600 680 640 645 650
TENSIONS (TONS) <F?
T2 starh 2.03 2.00 2,03 2.17 1.91 \\ 1.96 1.93 2.01 1.79
T2 port - - - - - - - -
Centre starb . 0.46 0.47 0.49 0.56 0.43 0.42 0.52 0.39
Centre port 0.53 0.55 0.5%4 0.65 0.50 0.48 0.60 0.42
T4 stacb 2.01 2.00 2.04 2.17 1.91 tﬁggyf 1.92 2.02 1.75
Td port 2,12 2,10 2.10 2.30 1.98 2. ;‘2.02 2.16 1.08
TS stark 1.12 1.10 1.11 1.27 1.01 1.0;? .99 1.08 0.717
T5 port 1.22 1.23 1.22 1.24 1.18 1. .17 1.23 1.04
16 starb 0.26 0.24 0.28 0.30 0.21 0.22 0.26 0.24 0.17
T6 poul. - - - - - - - - -
VERTICAL OPENING (FEET)
Acoustic Mecter 23 20 21 2] 28.5 22 22 21 24
Manometer - - - - - - - - -
NET SPEED (ENOTS) 3.38 3.07 1.20 3.5 3.19 2.98 3.07 3.31 2.67

S U - SR, A i —_——



AVEKAGE RESULTS OF RECORDED PARAMETERS NERLVED BY DAFS

TOW REF. DAFS APB4/10 DATE 7TH MARCH 1984
SFIA 10/~
WARP OUT 300 FATHOMS T'RAWL, RIG BOBBIN GEAR
BLOCK NO. 10 11 12 13 14
vessel Distance Apart (nm) 0.15 0.25 0.20 0.20 0.20
Enyine RPM 1450 1450 1450 1550 1350
AQUILA
Wacrp Tension Tl port (tons) 2.50 2.50 2.50 2.75 2,20
Ship Speed (knots) 3.15 2,95 3.15 3.50 3.10
Warp Declination (deg) 14.5 14 14 13 14.5
water Depth (£thm) 58 56 - 54 55.5
POSEIDON
Warp Tension Tl stbd (tons) 3.17 3.16 3.16 3.43 3.07
ship Speed (knots) 3.00 3.10 3.40 3.45 2.65
Warp Declination (deg) 15 15 16 13.5 15.5
Water Depth {£thm) 28 56 55 55 56
SPREADS (FEET)
wing fnd - -y - - -
Mid Bridle 135 “TbA 150 142 153
Fore Sweep 480 .69 600 570 580
g
TENSIONS (TONS) b
T2 starb 1.92 2.01. 1.98 2.09 | 1.95
12 port - =1y - - -
Centre stbd 0.42 0.45 || 0.44 6.50| 0.41
" Centre port 0.55 0.58 7| 0,58 0.66 0.44
T4 starb 1.90 1.99 *1.96 2,09 1.93
174 port 2.18 2.16 2.13 2.23 1.88
TS starb 1.13 1.14 1.12 1.23 1.05
TS port 1.22 1.22 1.22 1.24 1.03
T6 starb 0.23 0.25 0.25 0.26 0.18
Té port - - - - -
VERTICAL OPENING (FEET)
Acoustic Meter 24 20.5 19 21 23
Manometer - - - - -
NET SPEED (KNOTS) 3.31 .18 3.21 3.60 3.00




SUMMARY OF RECOREES SaTa

wTd Denotes %arp Tension [tons) recorded 5y GAFS

wTa Dermtes Warp Tehsion iknots) recorded By STI1A

Vn Denotes tlet spend (trots)

4 Denotes Water Deoth [fathems) mean between vessals
Ho Denotes Horizontal Net Coening ifeet;

Vo Denotes “ertical Net Opening (feet)
W Denotes Warp Jut {fathoms)
D

Denotes Vessel Distance Apart Jnaut, miles)
Tow AGUIL A POSEIDON MEAN Vs . Ho W o 3
Raf WTd WTa ‘WTd wTa wT
R 2.50 210 2907 226 223 305 J3.20 23C0 Can *7T RN
2z KR-~1 z47 235 248 222 23S 0o 0006 170 17T =
3 2.2 233 2.24 233 223 320 520 5300 17900 °3 I
3 275 22 212 258 23 295 325 108.35 1700 TS B
5 2.42 2130 193 297 2723 10 315 9300 1925 i) 3G
& 2335 176 1.90 247 223 270 D.2% 13650 4T iTT 25
? Zav 21 1.95 2.37 223 280 529 13300 1935 i T3
2 23S . 79 120 2.05 223 250 5.20 0200 'a5n 73 )
3 2.39 1.73 210 232 2.23 253 225 R X: VIR By T3 2
10 2.45 1.73 193 2.24 2.23 2373 213 380 42T 175 Ea
-~ I .
a\>
35 245 KA1 2.20 226 223 36D @ i) W
2 253 22 2.2 240 2.23 332 . s 253
I 2356 ] .2 228 2.2 T35 ' T2
4 220 239 245 252 2.2 383 228 T
5 249 159 1.36 232 2332 ToE 326 17 40
& 2 t45 200 221 223 353 018 : Iz
B 2.30 amn 2.00 243 223 273 255 ‘0z.50 1) 16 7
3 243 HEH 1.90 2.34 <23 233 220 9250 ‘7 S0
2 2.4% 216 2.3 2.25 2.3 ER s z
V3 199 181 1.79 1.9 223 275 2.20 w00 13
&/ 197 2.6 140 1.62 223 2.75 UR B 32.30 25 330 3T
2 297 213 i35 193 223 250 .23 37 50 22 30 S
3 2.10 2.11 1.35 1.75 223 265 D20 87.80 2 Etx =
4 233 2.33 160 2.04 222 TN 3.20 £3.00 26 Easin R
5 1.84 180 0.83 329 223 233 325 2 pAt 33
£ 243 2.5 2.1% 223 0.1% 20 250G T
? 2.34 267 252 223 328 353 430
4 2.+% 235 23z 23 2.23 TIT Py T3 T
2 2.78 239 27 299 423 342 G.20 et 430
z 243 235 245 154 TzEf TL0 o2z Y ol
4 233 2239 260 225 223 T3l s Il 272
s 2£9 260 265 228 2.2% 332 307 o0 Tl
g 2135 201 220 231 e 1 274 220 Ll RN

APPENDIX IV
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SINGLE WARP TENSION

08

NET SPEED 3 knots
Scale A
0.60 20 22 24 26 28 30 3.2
055 Warp Tension
(tons)
030 5.483 . V240
/ 045
& Y
by Warp Out (fthms) 040
\
4 Y
0.35 §
o
e r+rrrrtrrrreerrreerrr el
70 65 60 55 S0 4 40 3 30 0.0 02 03 0.4 05 06 07
WATER DEPTH (fathoms) VESSEL DISTANCE (naut. miles)
HORIZONTAL OPENING
NET SPEED 3 knots
Scale A
—4-26 8 90 1 1 130 w0
-51.-24 Opening
£u22 (feet)
F20 . 195
£418
b Y
Warp Out (fthms) \f
A T3]
a
| LI v e e 2 0 v e 2 o e ety L N S—
70 65 60 55 50 45 W 35 30 010 0-20 0.3 04 050
WATER DEPTH (fathoms) , VESSEL DISTANCE (naut miles)
VERTICALOPENING
NET SPEED 3knots
. Scale A
w B 2 2 18
36
150

kB |
30
29
50 I\ 28
‘ 27
-~ e e e e
70 65 60 55 50 45 40 35

35

Y/

m:

WATER DEPTH (tathoms)

30 00

/
04 06
VESSEL DISTANCE {naut.miles)

o8

16 14 12 10
/



HORIZONTAL OPENING
(Wing End Spread)

Scale A
0
Water Depth (fthm) 434 Warp Out (fthm) S & S S
432 |
430
4.29 429 .
/ 4’28
)
A
60 426
170 424
i 422
1 I [l i1 1 L i I 1 i ' 3 1 (]
rv¥y¥yryrrrrypveeyrrrr v UL LB UL R R L N DL LR LU LRI rYvy vy Ty rrrryrvryrryrrrreoryrrroorobrTrrrrrrrerrrrrrrrr—
40 38 36 3.2 30 28 26 24 22 20 1.8 1420 430
NET SPEED (knots) r Scale B
--L~2 V
' : 2
= $43 5
4 .
. Tos
. N Y 010
- 452 T4S  ~_ 452 _ 0.15
] -:‘s \\020
C 025
o . F47
o -}: Vessel Distance Apart (nm) 030
Y 48
Scale B
: :Ilil;ll‘l ™t LI S 2 B e S B B ot 2 S o APPENDIX V
“Tis T Tip 05 100 95 90 ' g5

HORIZONTAL OPENING (oot



