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Introduction
In the conventional calculations employed in model experimental

work, the total resistance of the model (or ship) is divided into its
frictional and residual components. The frictional resistance is
assumed to be the same as that of a flat rectangular plate of the
same length as the model (or ship) and having an area equal to
that of the wetted surface of the model (or ship). The frictional
component of the resistance is thus regarded as being independent.
of form, while the whole of the form effect is included in the residual
component, which is assumed to obey FROUDE'S law of comparisons.
But it has long been evident that the frictional resistance obtained.
from experiments with plates is not directly applicable to ship-
formed bodies; In fact, the form has a considerable influence on the
skin friction..

Extensive theoretical and experimental investigations have been
carried out in order to evaluate this form effect both qualitatively
and quantitatively. The present tests can be regarded as an ex-
perimental contribution to the subject.

The experiments can to some extent be considered as forming
an extension of the investigations which were carried out some
years ago at the Swedish State Shipbuilding E x-
pe rim en t al Tank with a view to determining suitable methods
of artificially stimulating turbulent flow around model hulls [I].')
These tests were made with a series of inter-related, ship-like bodies
which had vertical stems and sterns and were symmetrical about
midships. The prismatic coefficient, 99,, was varied in stages to give

---- 0.80, 0.70 10.60 and 0.52.
The effect on the skin friction of these variations in the prismatic

coefficient, 99, can be determined from the results of these earlier
experiments. This will be further dealt with below..

The chief subject for investigation in the present work has been
the effect of the breadth, B, on the skin friction. Two mqdels with
prismatic coefficients of 0.80 and 0.60, which had been employed
in the previous tests, were adopted as parent forms and the breadth

1.) Numbers in brackets refer to the list of references on p. 18..
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was systematically varied in each case. The variation was carried
out in such a way that each model possessed the same block coeffici-
ent, prismatic coefficient and principal dimensions, with the ex-
ception of the breadth, as the corresponding parent form; the breadth,
on the other hand, was decreased to B/2 and B/4 in each case so
that each form tended towards the corresponding plate as the breadth
was successively reduced.

For reasons explained in Section 4 below, tests were also carried
out with two double models, i. e. double in the sense that they were
symmetrical about the load waterplane.

The effect of the draught, T, has also been studied by means of
tests with one model similar to those mentioned above.

Finally, some more conventional ship models were tested and the
results have been compared with some of those published by other
experimenters.

Conclusions have only been drawn from the results of these tests
to a limited extent. However, to enable the reader to work out the
results in different ways and to draw his own conclusions thereform,
the primary test measurements are given in full in Appendix 2.

The investigations described herein were carried out at the
Swedish State Shipbuilding Experimental
Tank.

2. Symbols and Units
Model Dimensions

length on waterline
B = breadth
T = draught
A. = immersed midship section area

wetted surface area
7 = volumetric displacement
1/2 ce -= half angle of entrance on waterline

Ship Dimensions
The same symbols as above, but with the suffix 8 added, are used for the ship

dimensions.

Kinematic and Dynamic Symbols
v = speed in general
R resistance

4
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= density of water (102.0 kg sec.2/m4 for fresh water)
ii = kinematic viscosity of water; see [211-)

Dimensionless Ratios and Coefficients

= block coefficientL B T
Am

_ midship section coefficientB T
V

-= = prismatic coefficient

= length-breadth ratio

= breadth-draught ratio

I71 /3
length-displacement ratio

= total resistance coefficient
e- /2 8v2

Cf = plate frictional resistance coefficient
C

n = 100 % = form influence factor
Cf

L
Rn REYNOLDS number

V

Units and Conversion Factors
Metric units are used throughout.
1 metre = 3.281 feet
1 metric ton = 1000 kg = 0.984 British tons

3. Method of Determining the Influence of Form
on Skin Friction

By the form influence factor is meant, in this paper, the percentage
difference between the total resistance of the model in the non-
wavemaking speed range and that of a smooth plate in turbulent
flow at the same REYNOLDS numbers, i. e.

n
C Cf

1) For metric units, see also [1] p. 6-7.

100%
Cf

5
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The resistance of the plate, Cf, is assumed to correspond to the
SCHOENHERR line as expressed by

0.242 2,L)
= log (Cf -

The coefficient of total resistance, C, has been calculated from
the results of model tests in the non-wavemaking speed range.
Results obtained at very low speeds, where the model is affected
by laminar flow in spite of the turbulence stimulator, are of no
value in this connection. Fig. 1 illustrates schematically how the
results of tests with ship models usually arrange themselves. The
turbulent non-wavemaking speed range, within which the form in-
fluence can be evaluated, is in most cases relatively short.

It is evident from the above definition that other unconnected
influences, e. g. that due to any separation of flow, have some bearing
on the result. No attempt has been made to assess these different
effects. It should, however, be pointed out that in these investiga-
tions, the models had relatively sharp after-body waterlines, due to
the fact that they had vertical sterns and no propeller apertures.
It is therefore hardly likely that separation of flow could occur to
any marked extent, in any case not on the finest forms. A special
streamline test was carried out in an attempt to determine the flow
conditions around the fullest form and this is described in Appen-
dix 1 below.

Non- kvovernok/n9 speedronge Woven70,17.9 speeerange

Influence of Iorn/nor Flow
Exo,n,necl

Speedronge

Schoenherr Line

Fig.
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The above method of determining the form influence can of
course be criticized to some extent.

The method involves the following basic assumtions:
That the SCHOENHERR line is correct within the examined
range of REYNOLDS number.
That the form influence can be expressed as a percentage,
independent of REYNOLDS number.

The second assumption is of course very difficult to verify, but,
within the range of REYNOLDS number in question in these tests
(106-107). no systematic variation in the percentage is discernible.

4. Models Tested
As mentioned in the introduction, the fundamental investigations

were carried out with special models. The parent series, each
component model of which was developed from the same basic form,
is described in [1]. The models are symmetrical about midships
and have vertical stems and sterns in order to eliminate any doubt
about their length. The prismatic coefficient, 92, was varied syste-
matically in this series.

The series was extended for the purpose of examining the effect
of the breadth on the form influence percentage. The principle of
this part of the investigation was that, by means of successive
reductions in breadth, the models become more and more like plates
(but still retain the prismatic coefficient of the parent form). Model
No. 334 (9) = 0.80) and Model No. 332 (99 = 0.60) were chosen as
the basic forms for this variation. The breadth, B, of each model
was altered in two stages, first to B/2 and then to B/4. In this way,
four new models (Nos. 561-564) were developed.

For the purpose of studying the effect of surface disturbance of
various kinds and in order to be able to extend, if possible, the non-
wavemaking speed range, two double models were constructed.
These models (Nos. 586 and 605) are symmetrical about the load
waterplane and were designed to be run completely submerged.
Model No. 605 was made as a double model of No. 334 (q) = 0.80,

breadth = B), while Model No. 586 is a double model of No. 564
(92 = 0.80, breadth = B/4). Particulars of these models, together
with those of the parent series (Models Nos. 332-334 and 372) are
given in Table I.

i(1)

(2)
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An existing SSPA (SSPA= Statens Skeppsprovnings-
anstalt=the Swedish State Shipbuilding Ex-
perimental T a n k) standard model (No. 350) was used for
studying the effect of the draught, T, on the form influence factor.
This model is made of brass and has vertical ends, vertical sides at
the waterline and is symmetrical about midships. Model No. 350
was tested in the non-wavemaking speed range at three different
draughts, which corresponded to BIT = 6.00, 4.00 and 2.00. Further
particulars of this model are given in Table I.

The results of tests with three more normal ship models have also
been used for comparison. Models Nos. 582 and 614 are tanker mo-
dels which are being used for a more extensive investigation being
carried out at SSPA, while Model No. 590 is a model of a Victory
ship. Particulars of these models are given in Table II.

All the models, with the exception of No. 350 are made of paraffin
wax.

Table II
,,Normab, Ship Models

Unit Models

Model No. 582 590 614
L m 7.116 5.638 7.117
B m 0.912 0.788 0.912
T m 0.365 0.356 0.397
V in' 1.895 1.067 1.931
S m2 9.765 6.420 9.821
LIB 7.80 7.16 7.80
BIT 2.50 2.21 2.30
6 - 0.800 0.676 0.750

0.806 0.683 0.755
P - 0.993 0.990 0.993
% cte degrees 27.5 12.0 24.2
Am m2 0.330 0.277 0.359
LIVits 5.75 5.52 5.72
171,2/L 0.174 0.181 0.175

Ship Values

Model Scale 1: 28.5 1: 24 1: 22.5
L, m 202.8 135.3 160.1
V, m3 43870 14745 22000
2, m2 7932 3698 4972

. ....

.
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5. Testing Particulars
The tests were carried out in a similar manner to the experiments

described in [1]. As before, a special pendulum apparatus was used
for measuring the resistance at the lower speeds (resistance values
up to about 1 kg). This apparatus and the experimental arrange-
ments are described in the aforementioned publication. The pendu-
lum apparatus measures small resistances with great accuracy and
for this reason it is more suitable than the ordinary dynamometer
within the non-wavemaking speed range.

Regarding the double models, which were run submerged, it should
be mentioned that the narrower one (No. 586) was tested with its
centreline plane horizontal. The broad model (No. 605), on the
other hand, was run with its centreline plane vertical. In both cases,
the highest point of the model was about 0.75 m below the
surface.

In most of the experiments, a 1 mm tripwire, stretched around
the model at L/20 from the F. P., was used as a turbulence stimu-
lator. In one section of the investigations, however, additional tests
were carried out both without tripwire and with a 3 mm tripwire.

6. Experimental Results

a. Variation of prismatic coefficient

The results of the experiments with the parent models (those
with normal breadth = B) are given in [1] but for the sake of
completeness, they are shown here in Fig. 2. In these tests, the
models were each fitted with a 1 mm tripwire.

It is evident from Fig. 2 that, with the finer models, sufficient
turbulence can be assumed to exist only over a small part of the
non-wavemaking speed range. The values of the form influence
factor obtained from these results are therefore somewhat uncertain.
However, some guidance in determining this factor can be obtained
by comparing the results with those from the tests with a 3 mm
tripwire [1]. As would be expected, with models of the same breadth,
the form influence factor shows a tendency to increase with pris-
matic coefficient.



Fig. 2.

b. Variation of breadth ---- 0.80

The results of the resistance tests with the *family* of models all
with cp.= 0.80 are given in Figs. 3-6. Fig. 3 illustrates the in-
fluence of the breadth variation in the three surface models and
it will be seen that the narrowest model, No. 564, gave results which,
within the speed range in question, agree reasonably well with the
SCHOENHERR line: The form influence clearly increases with the
model breadth.

The fact that the narrowest model gave results in close agree"
ment with the SCHOENHERR line was confirmed in tests with the
corresponding double model, No. 586. This model enables the non-
wavemaking range to be extended to considerably higher values of
REYNOLDS number. At a depth below the surface of 0.75 m, no
noticeable surface waves were produced until Rn > 9 106. Fig. 4-
ishows the results of the tests on Model No. 586 without a tripwire
and with 1 mm and 3 mm tripwires. A comparison between the
narrowest model, No. 564, and the corresponding double model,
No 586, is given in Fig. 5.

In Fig. 6, the results obtained with the broadest model, No. 334,

are compared with those from the tests with the corresponding
double model No, 605. It will be seen that a considerable part of
the resistance curve for the double model follows the SCHOENHERR
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line. In the case of the surface model, on the other hand, only a
short part of the resistance curve can be regarded as unaffected
by both laminar flow and wavemaking resistance.

r. Variation of breadth, = 0.60
Fig. 7, which is similar to Fig. 3, shows the effect of breadth on

the form influence factor for 9) = 0.60.

d. Variation of draught (Model No. 350)

As mentioned previously, experiments were carried out with an
SSPA standard model, No. 350, with the object of studying the
effect of draught on the form influence factor. This model has brass
shell plating, so that its surface is different from that of a paraffin
wax model. This is possibly the reason for the fact that the 1 mm
tripwire was evidently insufficient to promote turbulence in the
speed range in question.

Fig. 8 shows the results of the tests with Model No. 350 when
fitted with a 3 mm tripwire. The model was run at three different
draughts, corresponding to BIT = 6.00, 4.00 and 2.00, and the
results are surprisingly similar. There is, however, a general tendency
for the form influence factor to be lowest at the smallest draught
(BIT = 6.00).
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In order to be able to compare the above results with those ob-
tained with more normal ship models, some additional tests were
carried out with three existing SSPA models over the non-wave-
making speed range The results of these tests are shown in Fig. 9.
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.1. Correlation of the Experimental Results
Considerable difficulties are involved in presenting all the results,

together on common parameters. The choice of suitable para-
meters presents the first problem. For instance, plotting the form
influence factor on a base of the prismatic coefficient does not give
consistent results.

In Fig. 10, the form influence factor is plotted as a function of
displacement-length ratio (reciprocal of length-displacement ratio).
This method of presentation gives the best correlation of the fullness
and breadth variations discussed in Section 6 a, b and c. On the
other hand, as is evident from Fig. 10, the results of the draught
variation (Model No.. 350) dealt with in Section 6 d, do not conform
with the other results on this basis. Some improvement might be
obtained with the introduction of a further parameter such as BIT..

The form influence factors plotted in Fig. 10 are also given in
Table III, together with the appropriate parameters. Also included
in the table are the mean REYNOLDS numbers, corresponding to
the speed ranges over which the form influence factors were
determined. The frictional coefficients, C1. '(SCHOENHERR), and the
corresponding estimated total resistance coefficients, C, are also
given in Table III,

25
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Some of the difficulty of correlating such results is due to the
degree of uncertainty involved in the method of determining the
form influence factor. The low resistance values obtained in the
non-wavemaking speed range contain relatively large measurement
errors. At SSPA, however, these errors have been limited to some
extent by using a special dynamometer (pendulum apparatus), as
mentioned in Section 5, for measuring the resistance at low speeds.
Also, as is apparent from the diagrams, the turbulent non-wavemak-
ing speed range is in some cases difficult to define.

8. Comparison with »Normal» Ship Models

In Fig. 11, the mean curve taken from Fig. 10 is compared with
values calculated from the test results of »normal» ship models of
various types. Three of the latter models (Nos. 582, 590 and 614)
were tested at SSPA, but other results were obtained from well-
known publications (see list of references below).

Within the range LIP-13 5 - 6.5, the mean curve agrees well
with the marked spots (corresponding to »normal» ship models). On
9

73
-g 9) V.,.I L BIT

Figures
from

which n is
obtained

Rn

C 104
Approxi-

mate
value

C ' 1 104

According
to SCHOEN

HERR

n =
C-Cf

100
Ci

No. Nos - - -
334 2, 3, 6 4 106 41.45 34.23 21.1
605 0.800

1
0.181 2.40

6 4 106 41.14 34.23 20.2
563 0.800 0.144 1.20 3 4 106 35.87 34.23 4.8
564 1 3, 5 4 - 106 34.91 34.23 2.0
586 10.800 0.114 0.60 4, 5 6 - 106 32.35 31.93 1.3
333 0.700 0.173 2.40 2 4 - 106 39.20 34.23 14.5
332 0.600 0.165 2.40 2, 7 4 106 38.70 34.23 13.1
561 0.600 0.131 1.20 7 4 - 106 35.53 34.23 3.8
562 0.600 0.104 0.60 7 4 - 106 34.33 34.23 0.3
372 0.520 0.155 2.40 2 4 106 36.93 34.23 7.9

1 0.698 0.131 6.00 8 2.5 - 106 42.70 37.19 14.8
350q 0.702 0.151 4.00 8 2.5 - 106 43.92 37.19 18.1

( 0.707 0.192 2.00 8 2.5 106 44.63 37.19 20.0

-

-

-
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the other hand, at higher values of LIV" the curve has a tendency
to depart from the spots (e. g. that referring to the »Lucy Ashton»).
In the latter range, however, the models on which the curve is based
differ more radically from the »normal» ship models.
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Appendix 1

As mentioned in Section 3 above, a special streamline test was
carried out with Model No. 605 (double model, co = 0.80, breadth
= B) in order to investigate the extent tO which flow separation
occurred on the after-bodies of the fullest models. The flow pattern
in the neighbourhood of the plane of symmetry of the double model
was studied at the same time, in order to determine whether any
unsymmetrical cross-flow (across the plane of symmetry) took place
on this model.

'The method adopted for this test was that normally used at the
Tank. A black paint composed of lampblack and linseed oil was
applied to the model in equidistant transverse strips. Before the
paint had had time to dry, the model was launched and a run was
made. To facilitate particular study of the flow around the after-
body, a plate was fixed on the side of the after-body in the plane
of the waterline (the plane of symmetry of the double model). This
plate was also painted in the manner described above.

The streamline test was carried out at a speed, v, of 1.8 m/sec.,
Corresponding to a REYNOLDS number, 14,, of 9.1 106. The results
of the test are evident in Figs.. 12-14, which are photographs of
the model after removal from the tank at the end of a run. The
wet paint has been forced out in lines by the flow during the run
and the direction of the flow along the surface of the model can
thus be seen.

The lines are clearly discernible in the upper picture in Fig.. 1.9,

which shows the fore-body of the double model. The horizontal line
along the model at mid-depth is the intersection of the plane of
symmetry with the model surface. The position of the tripwire at
Station No. 19 (L/20 from F. P.) can also be seen in this picture.
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Fig. 11. Model No. 605. -After-Body and Plate.
Streamlines at a 7=- 1.8 m/see.

The lower picture in Fig. 12 shows the after-body of the double
model. It is evident from this photograph that very few paint
streamlines were formed abaft Station No. 2, This may ,indicate
that flow separation took place in this region.

'The plate on the after-body, which was mentioned above, can be
seen in horizontal projection in the lower part of Fig. 12. (It is the
cause of the heavy shadow on the lower half of the model in this
photograph.) The plate is shown as seen obliquely from above in
Fig. 13 and this photograph also indicates that some flow separation
occurred abaft Station No. 1% or 11/4. In this region, the wet paint
was not disturbed from its original position, at least not close to the
surface of the model.

21
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Fig. 14. Model No. 605. Parallel Middle Body.
Streamlines at v = 1.8 m/sec.

The flow close to the model was evidently relatively symmetrical
about the waterline plane (plane of symmetry). This is shown by
Fig. 12 and also by Fig. 14; the latter illustrates the middle-body of
the model.

From what has been said above regarding the results of the stream-
line test, it is clear that there is reason to suspect that some separa-
tion of flow took place on the after-body of the fullest model. How-
ever, no attempt has been made to correct the recorded values given
earlier in this paper in the light of the streamline test observations.
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Appendix . 2

Primary Results

Model No. 564
1 mm Tripwire at Stn. 19

Starting v R

Time
' misec. kg

10.55 0.201 0.0348
11.30 0.222 0.0427
11.30 0.247 0.0495
12.05 0.276 0.0607

C> 12.05 ' 0.298 0.0702
= -
to ,''':..
o.,

13.35
13.35

i 0.349
I 0.406

I 0.0965
I 0.124

ca II 14.00 , 0.448 0.151
,.;

'-'ii E--, CD. CD
'

14.20
14.35

r 0.496
0.551 I

I :,
0.1u8
0.263 1

co .3-13
14.50 0.599 0.316

OS W

Al 15.05 0.650 L 0.372
15.20 0.802 0.552
15.40 0.948 0.752
16.00 1.103. 1.011
16.20 1.205 1.184

10.15 1.147 1.08
10.30 1.201 1.17
10.45 1.297 1.35
11.00 , 1.403 , 1.60

U
0

et 'ttt e-..

11.20
11.40
12.00

, 1.502
1.603

li 1.702

' 1.85
2.18
2.45

''z' III

1-o 12.20 1.728 I 2.52
P.

'-i 13.30 1.810 I 3.13
Ft 13.50 L 1.900 I 3.60
ao ..$

ts d
14.10. ,

14.30. ll

2.009
2.108

3.78
4.20

14.50 2.310 16.20

15.15
15.40

2.510 ,

2.192
I

'7.51
4.95

Model No. 563
1 mm Tripwire at Stn. 19 1

Starting v
'

R

rnisee. 1, kg,

,

Time

8.00
,

0.207 005.22
8.00 0.220 00541
8.40 0.242 0.0728
8.40 0.271 0.0813
9.1-5 0:297 0.09491

0 9.15 0.320 0.107

et cco° 9.40 0.346 0.127
ko co
a)

10.20 0.374 0.151
5 II 10.20 0.400 0.178

16.45 0.495 0.2684 E
al 4)

c.
m .2

11.05
11.35

.0,597
0.700

0.379
0.513

ce ce 12.00 0.811 0.686
A

,

1

12.20 0.901 0.828
13.25 1.000 1.022

I

13.45 0.448 0.214
14.05 0.553 0.333
14.25 0.651 0.449

, 14.50
15.10

0.753 I

0.851
0.587
0.735.
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Model No. 586
1 mm Tripwire at [Stn. 19

Starting v R

Time m/sec. kg

9.45 0.200 0.0839
9.45 0.244 0.119

10.50 0.301 Ii
0.164 I[[

10.50 0.348 0.226
0
°

11.25 0.404 0.256

u)
11.25 0.448 0.332

., 12.00 0.498 0.414
4', Il

' x
12.00 0.548 0.515
13:30 0.599 0.626 1i Eo 0

va 13.30 0.648 0.724 [,
ao 14.00 0.700 0.821

I

14
15.05 0775 0.994

15.30 0%726 0.881
Il 15.55 0.676 0.768

16.20 0.575 0.591

16.20 0.623 0.657

8.45 0.745 0.927
9.05 I 0.804 1.076

9.05[ 0.895 1.308

9.30 1.001 1:63

9.30 [ 1.098 1.92
10.10 1.201 2.27

.1025 1.304
,1 2.64

10.40 1.406 3.01
C.)
0 11.00 1.506 3.43

u6at ....
u)

11.20
11 35

1.606 3.87

1.709 H4.37
aa 64

C o
..[.. 4-3an ,

al
S -...d d

11.55
12.15
13.25
13.45

1.809 4.88
1.910 5.38
2.010 5.98
2.110 6.67

A 14.06 2.208 7.51

14.25 2.319 8.45

14.45 2.428 9.17

[ 15.10 2.510 9.63

[ 15.30 2.650 10.34

15.50 2.783 11.12

16.10 2.970 12.72

'
16.35 ' 3.176 15.05

..

Model No. 586

I_

No Turbulence Device"
I

[

ea
u) c,.)

Starting
Time

,

v ] R

m/sec. 1 kg

1

-.4 241
ea a) tri

.--,

16.45
16.45

11206

0.251
0.0784
0.103

9.45 0.229 0.0930
9.45 0.280 0.121

C-1 1

a
11.20 0.302 0.149

co ''c' [ 11.20 0.332 0.200
Iti

. .-. 11.25 0.359
.

0.226
,.7-[ II

[7... -
12.15 0.387 0.238

[=4
12.15 0.412 0.285

4 0 14.20 0.466 0.332
a) 2 14.20 0.511 0.392

. 4 .., d
15.30 0.565 0.465
15.30 0.614 0.525
16.00 0.665 0.644

e)
1 u)

12.05
12.05

, 0.596
0.645

0.517
' 0.594

.. 13.35 0.389 , 0.227

i o
a

13.35
14.10

0.442
0.291

0.291
0.124

,6 !

GI .-I ,
14.10 0.314 I 0.146

I 14.10 _0.338 1 0.202

8.40 0.718 0.75
9.00 0.748 0.82

t) 9.00 0.801 0.91

°m -a'
Lr' 2

9.25
. 9.25

0.906
1.003

1.13
1.36

t [II 10.15 1.224 1.95

10.35 1.423 2.57
-...i E 10.55 I 1.617 3.30
cc az

o .5 11.20 1.822 4.20

I -tI 11.50 2.003 5.36

12.15 2.272 7.42

12.35 2.520 8.79

12.55 2.751 10:10

et 8.50 2.100 5.75
e: 9.15 2.940 11.58i
a) c.)
cc

9.40
10.20

, 3.207
3.461

14.47
, 19.15

0) tii
el [--

10.45
11.10

2.651
2.385

9.38
8.11
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Model No. 605
1 mm Tripwire at Stn. 19

Starting v R
c) Time m/see. kg

-.di

9.20 0.197 0.159
0 II

-.5 Elo
N ,lt0

10.15
10.50
11.15

0.301
0.406
0.504

0.324
0.526
0.793

CD ° 11.35 0.604 1.172I 1
A 12.00 0.527 0.860

12.25 0.562 0.997

14.20 0.655 1.38

L.) 14.45 0.697 1.61

..
-4+ -

14.45 0.753 1.79

... 15.10 0.797 2.01

cc II
15.10 0.852 2.27

i-o
s:.. 15.30 0.894 2.47

. . 15.30 0.947 2.74
,-,

co 0 15.50 0.988 2.96
'0'I 16.05 1.050 3.33

A 16.20 1.105 3.64
16.35 1.160 3.98

8.40 1.155 3.97
9.00 1.199 4.26
9.15 1.243 4.51

U.

o
9.30

10.10
1.297
1.339

4.90
5.25. ..

10.50 1.390 5.62
0 II 11.10 1.454 6.12
.0 c
to 0

f.;

11.30
11.45

1.504
1.552

6.48
6.87

0 -E 12.05 1.608 7.32V 0
A 12.25 1.653 7.79

13.25 1.701 8.32
13.45 1.789 9.12
14.05 1.996 11.39

Model No. 586
3 mm Tripwire at Stn. 19

Starting
Time

1, R

m/see. kg

11.35 0.246 0.133
12.05 0.301 0.190
12.05 0.348 0.2800 13.30 0.407 0.307

ro 1,

o II

13.30
14.05

0.447
0.497

0.400
0.460

X
si.

14.05 0.550 0.570

i
cc 0t

14.35
14.35

0.596
0.647

0.665
0.756

co 2 15.05 0.703 0.883
A4 16.00 0.348 0.270

16.00 0.406 0.320
16.35 0.449 0.379
16.35 0.496 0.461

11.00 0.700 0.88
11.00 0.748 0.99
11.20 0.804 1.12

0 11.40 0.898 1.37

et 0, 11.40 0.998 1.67
Lo e,i-, 11.55 1.101 2.00
o II 12.10 1.203 2.32
X 6.,
i Eet <1;)

13.25
13.40

1.309
1.403

2.73
3.10

1.t 13.55 1.505 3.52

A 5 14.15
14.35

1.608
1.706

3.98
4.47

14.55 1.812 5.03
15.15 1.913 5.58
15.35 1.998 6.05

I



Model No. 562
1 mm Tripwite at Stn. 19.

Starting
Time

iv R

misee I kg
'.._ - J

1205 0.202 0.0270

r..)
13.45 0 225 0.0305

o
c-

13.45 0.248 0.0367

m 14.15
14.15

0.273
0.297

0.0490,
0.0570

a 14.50 0.322 0.0790

4... E 14.50 0.348 0.105

15.201 0.375 0.118
2 i 15.20 0.401 0.134
4 . 15.50 0.449

1

0.162 1

16.05 10.497
I

0.207

16.25 0.552 0.256

8.40, 1 0.598 0.294
9.05 j 0.648 0.346
9.30 0.697 0.394 1

10.20 1 0.748 0.449

10.40 0.804 0.508
0
o 11.00 0.848 0.568
et 11.25 0.901 , 0.632

= Csi
X0 ' ' 11.45 0.949 1 0.697

II 12.05 1.002 0.768

- E
. -,"'S a

co .

12.25 1.049
1.106

0.828
0.927

1 , la 14.00 1.152 1.004
-1 o
A % 14.20 1.202 1.086 1

15.00 0.332 0.0905
15.09 0.362 0.109

15.30 0.424 0.149

15.50 0.475 0.188 1

16.15 0..524 0.231 .

8.50 1.143 01.97

9.20 1.193 1.01

I 9.20 1.294 1.22

9.40 1.398 1.42
T...)

110.10 1.504 1.63

ea i--:
ac ,

10.30 1.600 1.84

CT'c 11

10.50 1.725 2.10

7'. 11.10 1.69 I 2.05
,,4

11.30 1.800 2.31

A ta 0
11.50 1.900 2.56

2.000 I 2.80
A ---

12.15
13.25. 2.101 I 3.12

13.45 r 2.199 3.45

14.05 2.300 3.78

14.25 2.410 4.09

14.50 1 2.510_ 4.39

Model No. 561 .
1

1 mm Tripwire at Stn. 191

Starting v I R'

Time m/sec. kg

12.00 0.201 0.0345
C.)

el "ci-
c:.

12.00
13.40
13.40

0.224
0.247
0.274

0.0390
0.0491
0.0694

5 II

- .-i E

14.15
14.15

0.300
0.322

0.0918
0.109

ea 4 14.40 0.348 0.128

...P i 15.15 0.376 0.150

4 _ . 15.15
11

0.402 0.170 1

15.45 I , 0.496 1 0.9.53 1

8.25 0.602 i 0.348

0 8.45 0.702 0.458
el ".
,n ea 9.10 0.804 , 0.578

5 41

1::' ra,

9.30
10.10

0.900
1.001

0.713
0.900,

-..1i
10.30 1.102 1.088 1

10.55 0.450 0.190
a 11.1

Ifi cd
11.15 0.552 0.277

A 11.35 0.650 0.385

12.00 0.756 0.525

13.40



Model No. 350
3 mm Tripwire at Stn. 19

27

Starting
Time

Starting
Time

v

m/sec. kg m/sec. kg

BIT = 6.00 BIT = 4.00

9.45 0.141 0.0215 11.25 0.501 0.319
9.45 0.163 0.0333 0 11.50 0.556 0.387

10.40 0.195 0.0407 12.15 0.600 0.442
10.40 0.217 0.0556 13.25 0.652 0.520
11.10 0.243 0.0645 13.45 0.703 0.598
11.10 0.274 0.0832 14.05 0.757 0.686
11.45 0.299 0.0982 -.9 5 14.25 0.807 0.765

14 11.45 0.321 0.116
N

14.50 0.858 0.858
I I 12.05 0.347 0.134 15.10 0.904 0.947
,L 12.25 0.377 0.155 A 5 15.35 0.527 0.350

13.30 0.403 0.178 15.55 0.481 0.296
13.50 0.450 0.217 16.15 0.437 0.248

A 5
14.15
14.40

0.500
0.554

0.259
0.311

BIT = 2.00

12.25 0.149 0.047415.00 0.602 0.366
15.20 0.647 0.419 12.25 0.172 0.0627

15.50
16.15

0.708
0.758

0.508
0.575

00
eN

13.45
13.45

0.200
0.224

0.0834
0.109

16.35 0.808 0.649 14.10 0.247 0.127
.0 14.35 0.277 0.156

8.25 0.853 0.705
74.9 14.55 0.300 0.183

8.45 0.902 0.790 00 a
15.20 0.327 0.214

I, 0
9.05
9.30

0.576
0.522

0.342
0.284

15.45
16.10

0.349
0.379

0.244
0.285

10.15 0.474 0.237 16.25 0.404 0.321
10.35 0.427 0.193

9.40 0.398 0.316
BIT = 4.00 10.15 0.448 0.387

10.40 0.498 0.472
15.00 0.142 0.0299

11.00 0.553 0.557

4
4

0

15.00
15.45
15.45
16.15

0.167
0.204
0.227
0.244

0.0441
0.0603
0.0759
0.0849 II

.0

11.20
11.40
12.00
12.20

0.603
0.658
0.707
0.758

0.658
0.766
0.882
1.001

16.40 0.277 0.109
a> ae,
s

13.30
13.55
14.20
14.45

0.813
0.856
0.908
0.432

1.177
1.274
1.418
0.348

8.45
9.10
9.35

0.297
0.322
0.349

0.117
0.139
0.163

10.15 0.374 0.182 15.10 0.478 0.432
N N 10.40 0.399 0.209 15.35 0.522 0.498

11.00 0.449 0.261 16.00 0.578 0.620

0
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Model No.
mm Tripwire at Stn. 19

Starting v R

Time m/see. kg

9.40 0.295 0.194
10.25 0.348 0.268
10.50 0.402 0.347
11.10 0.452 0.436

C.) 11.30 0.502 0.519'
.To eiin -,

11.50
12.15

0.553
0.601

0.636
0.764

_6 II 13.30 0.654 0.908
13.50 0.704 1.037

!F. 0
4.0 4 14.10 0.752 1.163

0 13... c, 14.35 0.803 1.321

4 14.55 0.780 1.251
15.20 0.718 1.058
15.40 0.671 0.932
16.00 0.619 0.786
16.20 0.580 0.700

Model No. 590
1 mm Tripwire at Stn. 19

Starting v R

Time m/see. kg

9.30 0.299 0.124
10.20 0.350 0.165
10.40 0.406 0.219
11.00 0.450 0.270

0 11.20 0.504 0.343
40 11.45 0.552 0.416
c4 12.05 0.604 0.502

.6 II 12.25 0.652 0.596
4 gi, 13.30 0.705 0.693

E
cF, 0

o .2;

13.50
14.15

0.756
0.806

0.780
0.879

.3 ,...._, 14.40
15.05

0.852
0.906

0.971
1.084

15.25 0.953 1.201

15.45 1.000 1.309

16.05 0.919 1.119
16.25 0.882 1.040

Model No. 614
1 mm Tripwire at Stn. 19

Starting v R,
in

4 04.,

Time misee. kg

16.25 0.296 0.185

2 ' 16.50 0.346 0.247

9.00 0.400 0.321
9.25 0.446 0.403

C.) 10.15 0.498 0.506

.to c'.-,
10.40
11.00

0.550
0.602

0.608
0.728

4 ii

=ir
11.25
11.50

0.651
0.706

0.840
0.989

.... r. 12.15 0.756 1.100

0 .1).,

lia a3

13.30 0.812 1.286

A 13.50 0.835 1.347
14.10 0.777 1.172
14.35 0.725 1.030

582
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