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ABSTRACT

This report presents the experimental forces and moments acting
on a five-foot model tanker when it was towed in head seas. All the
motions of the model except uniform forward translation were restrained .
The model was towed in two wave lengths - approximately one-half the
model length and approximately equal<4o model length ., Three pressure
gages were mounted in bottom along the keel to measure the attenuated
wave pressure. The forces and moments were divided into steady-state
and oscillatory forces and moments. The steady-state heaving force
was independent of wave configuration and increased with increasing speed.
The steady-state pitching moment was nearly independent of speed, but
was strongly dependent upon wave configuration. The steady-state drag
force was largely independent of wave configuration, but exhibited a com-
plex variation with speed. The oscillatory heaving force and pitching
moment increased with increasing relative wave length and speed. The
oscillatory drag force was independent of wave length and increased with
speed up to Fr = 0,2 ; it then decreased with further increase in speed.
The greatest part of the wave attenuation occurred under the forebody.

At zero speed of advance the model more effectively attenuated the shorter
waves. The attenuation factor decreased with increasing speed in head
seas., At higher speeds of advance the model more effectively attenuated
the larger waves.
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NOTATION

Definition
Area of midship section

Amplitude of undisturbed wave
pressure at depth D

Amplitude of Attenuated wave at
distance x from bow.

Waterplane area
Beam

Wave celerity
Block coefficient, iBD

Maximum section coefficient

Waterplane coefficient, B

Depth of water

Draft

Froude number V./gL
Force in x direction
Force in z direction
Wave Frequency

Acceleration of gravity
32,16 ft /sec?

Wave height (double amplitude)

Subsurface pressure response
factor

Waterline length

Length between perpendiculars
Pitching Moment

Period of encounter

Speed of model

Angle of heading of ship
relative to direction of
wave travel
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NOTATION - - Continued

Unit

feet

degrees
radians /sec
radians /sec
radians /sec
pounds
(feet)®

Definition

Wave length

Wave slope

Natural frequency

Wave circular frequency
Frequency of encounter
Displacement of Model

Volume of displacement



I. INTRODUCTION

The research work described in this report was conducted for the
David Taylor Model Basin, Department of the Navy, Under Contract
Nonr 1610{(04). The experiments were carried out in the outdoor 40-ft,
x 62-ft, wave basin previously described in (1).

Experiments were carried out on a 5-foot model tanker in head
seas ( X =180%. The same model was used in previous experiments
reported in (2), and was the Model "H" tanker used in the resistance
tests reported by Couch and St. Denis (3). The hull sections and lines
and the hull characteristics are presented in reference (2).

In some instances seaworthiness tests are conducted on model
ships when some of the motions of the model are either deliberately
or inadvertently restrained. In order to gain a better understanding
of how to interpret the results from such model tests, the present
series of experiments were initiated. During all the experiments
carried out under the current contract, all of the usual motions of the
model were entirely restrained while it is towed in waves and the forces
and moments acting on the model are measured. A six-component force
balance was constructed to provide electrical signals proportional to the
forces and moments acting on the model.

In addition, instrumentation was installed to measure the wave
pressure fluctuations at three points along the keel of the model and six
wave probes were constructed to measure the configuration of the waves
around the model. The pressure gages will yield information on attenua-
tion of the waves by the model and where this attenuation occurs along
the length of the model. The wave probe network will yield information
on the reflection of the waves from the ship. The attenuation of the waves
by the ship and the reflection of the waves by the ship are the major ways
in which the ship affects the seaway and will, therefore, serve to provide
correction coefficients to the classical assumption that the ship does not
affect the seaway.



II. METHOD AND PROCEDURE

The model used was a 5-ft. tanker constructed from fiberglass-
plastic laminate and reinforced with aluminum frames.

Forces and Moments

A force balance was constructed to measure the six components
of force and moments acting on the restrained model while the model
was being towed at different speeds and different headings in regular
waves. The time history for each force and moment was recorded on
a multi-channel oscillograph. Electrical signals proportional to the
forces and moments are provided by Type C-19 SR~4 strain gages.
The gages were used in a Wheatstone bridge circuit employing four
active arms. The bridge output was amplified using a carrier-type
amplifier system. A schematic drawing showing the construction of
the balance is shown in Fig. 1. Figures 2 and 3 are photographs,
showing the completely assembled balance and the balance with the
cover removed.

The model was attached to the lower angle or model mount. The
short strut protruding from the center of the cover angle engages a
special fitting on the towing carriage. Through this strut the towing
carriage provides both the restraint and the reference datum.

The balance was mounted in the model so that the centerline of
the balance occurred in the vertical longitudinal plane of symmetry.
The horizontal axis of the force balance was in the normal waterplane
of the model. Lead ballast was added so that the freely floating model
was at the design water line. Thus the force springs did not carry an
initial load.

Pressure Gages

Three pressure gages have been mounted through the bottom of
the model. The pressure gages used for this purpose were the model
PT 34-3 made by the Dynamic Instrument Company at Cambridge,
Mass. The transducers are differential type gages, having a flush-
mounted diaphragm one inch in diameter. They are connected to a
small insulated pressure reference tank mounted in the model. Nor-
mally the pressure reference tank was sealed; however, provisions
were made to attach an external pressure or vacuum source and slop-
ing water manometer so that small increments of pressure could be
applied for testing and calibrating the transducers.



These gages were installed in order to obtain measurements of
the attenuation of the wave by the ship. The first gage was mounted
as far forward on the longitudinal centerline as possible (Sta. 1.83);
the second gage was mounted on the longitudinal centerline at the mid-
ship section and the third gage has been mounted as far aft as possible
(Sta. 17.375). Fig. 4 shows the model profile, the location of the gages
and the cross section of the model at the location of the gages. Fig. 5
is a photograph showing the bottom of the model with the gages installed.

Influence Probe

Six influence probes have been mounted on the towing carriage for
the purpose of measuring the wave configuration in the vicinity of the
model. These probes employ the principle of the change in capacitance
of the air space between one plate of a capacitor and the water surface
(acting as the other plate of a capacitor). This type of probe does not
touch the water and therefore does not disturb the water surface. The
probe unit itself is a minature transistor transmitter. It is encapsulated
in a small plastic box for thermal and humidity stabilization. Fig. 6
shows the probe transmitter inside the plastic box before encapsulation
and Fig. 7 is a similar view after encapsulation. The top and sides of
the plastic box are covered with a layer of wire screen and aluminum
foil to act as electromagnetic and solar raditional reflectors. The probe
capacitor plate itself is two inches square and is mounted under the trans-
mitter circuit visible in Fig. 6.

Each probe unit transmits its information on a separate frequency
band to a receiver unit located approximately 50 feet away from the
carriage. Each of six receiver units picks up the signals from its
assigned probe unit and provides a recordable signal to the oscillograph.

Fig. 8 shows how these probe units are placed in relation to the
model. Thus these six probes provide detailed information on the defor-
mation of the seaway caused by the presence of the model.

Tests were run in head seas ( X. = 180° at speeds of 0, 0.63,
1.27, 2.54 and 3.17 fps, corresponding to Froude numbers 0 to
0.25, Wave lengths used were 2.4 and 4.7 feet in length, corres-
pondingto A /L = 0.48 and 0.94. (Additional experiments in longer
waves and at other angles of heading will be carried out later. The
tests reported in this report were halted due to inclement weather.)
Three values of wave steepness were used, h//\ = l/40, 1/30, and
1/20. The tests reported herein do not include data on the deformation
of the seaway because of an antenna failure during the tests.



III. EXPERIMENTAL RESULTS

The experimental data are presented in Table 1. When the model
is towed at any speed without waves, forces and moments are observed.
These forces and moments are caused by

1) The acceleration of the water resulting from
the velocity field which develops from the
flow around the hull,

2) skin friction caused by flow between water and
model,

3) the wave train produced by the model,

4) the vibration of the model supported by
force balance.

The model supported by the balance is a dynamic system which is
set in oscillation by the acceleration when the carriage starts and sus-
tained by carriage vibration as the model and carriage move along the
track. To obtain useful information, these vibrations must occur at a
much higher frequency than the frequency of encounter of the waves.
Unfortunately the natural frequency of the force balance was only 2 to 3
times greater than period of encounter. Therefore, the desired force
and moment histories were affected by the noise resulting from vibra-
tions of the model on the balance. These spurious vibrations were
first eliminated from the records by hand fairing of the traces.

Steady - State Forces and Moments

The forces and moments imposed on the model by its translation
in calm water are identified as ''steady - state forces'' . These forces
could also be obtained from the test runs during which waves were pre-
sent by noting the apparent shift of the zero of the force or moment
history from the zero index obtained before the model was started or
waves were present. The steady - state forces are shown as a func-
tion of Froude Number, F, , and relative wave length AL and
wave steepness h /» in Fig. 9, 10, and 11, Positive heaving force,
+ FZ , is defined as a force which would tend to lift the model from
the water (see definition diagram, page v). Positive pitching moments,
+ My , is a moment which would tend to lift the bow from the water.
Positive drag force, + F, , is a force which would tend to propel the
model in a forward direction.



The other force and moments (sway force, yawing moment and
rolling moment) are not shown since they are not active when the
model is operating in head seas.

Oscillatory Forces and Moments

The oscillatory forces and moments imposed on the model by
the waves are presented in Fig. 12, 13, and 14. In order to remove
the wave steepness as a variable, the forces and moments were
plotted as a ratio of the range in force (double amplitude) to the wave

slope, 7}7

for heave force AFZ/Q} ,
for pitching moment AMW /2} s
for drag force alx /%

This is not a dimensionless ratio; however, in this form the forces
and moments are analogous to the dimensionless motions shown in
reference 2. The forces and moments are shown as a function of

period of encounter, T in parameters of relative wave length,
AlL.

e E]

The period of encounter may be computed by the equation:
T A
e 2.26y5°0 - V  cos)x '

The period of encounter was experimentally observed from the
period of the wave of encounter, which is recorded by the influence
probes. The values of the period of encounter shown in Table 1
were obtained from the oscillograms.

The oscillatory forces and moments were also plotted as a
function of speed in Fig, 15, 16, and 17. The data were shown in
this form to serve as comparison charts for the steady-state forces
on Fig. 9, 10, and 11,

Wave Attenuation

The attenuation of the waves by the ship was determined by measure
ing the pressure history at three points along the keel. (See Fig. 4 for
the locations). Since the pressure gages on the bottom of the model at
some distance below the surface of the water, the pressure fluctuations



at this depth due to the waves are less than if the gages were located at
the surface of the water. The wave attenuation is defined as the ratio
of the amplitude of the attenuated wave pressure (along the bottom of the
model), Ay , to the amplitude of the undisturbed wave pressure at the
same depth below the quiescent free surface, A,.

The amplitude of the undisturbed wave pressure, A,, was com=-
puted using a pressure response factor, K , given by Wiegel and
Johnson (4):

« D _ _cosh 2m d/n_(1-D/d)
hg cosh 24 d/j
where
hD 'is the wave height measured at distance D below free
surface

hg is the wave height measured at the surface

D is the depth below the free surface

d is the total depth of the water

D/d is the proportional depth

The pressure response factor was computed for these experiments using:

1. depth below the free surface D = 0,27 feet
2. depth of water, d = 5.5 feet
3. wave length, A , values ranging from 2.5 feet to 10 feet.

The computed pressure response factor appropriate to the model condi-
tions are shown on Fig. 18,

The wave attenuation ratio Ayx/A, was computed from the measure-
ment of the three pressure gages using

hK
Ao s 7

Ax amplitude wave pressure measured at point x



These data were shown on Fig. 19 and 20 in parameters of speed, Fr
and relative wave length A/L. The pressure gages were located at x/I_, =

0.092, 0.488 and 0.877 respectively. Lines were drawn through the aver-
age values at these points and the assumed value AX/AO = 1,0at X/L =0,



Iv. DISCUSSION OF RESULTS

In most cases the data points listed in Table I have been plotted
on the respective graphs using symbols which serve to identify the
various parameters. The lines drawn through the data are drawn
through average values of the data for the line shown. In some instances,
the experimental error and limitations of the instrumentation have caused
large scatter of the data points.

Steady-State Forces and Moments

The steady-state heaving force, pitching moment, and drag force
are shown on Figs. 9, 10, and 11,

Heaving Force

The steady-state heaving force shown on Fig. 9 indicates con-
sistently increasing negative values with increasing Froude Number
(increasing speed). This means that the model has a tendency to settle
to a lower position with increasing speed. The translation of the model
causes acceleration of the water around the hull, This velocity field in
the water results in the formation of a small depression around the
model, explaining the negative heaving force.

With the exception of the data at Fr = .05, there is good agreement
between the force measurements when no waves were present and those
runs during which waves were generated. At Fr = .05 the forces were
about 75 per cent greater than the no wave values; furthermore, there
was a consistent tendency forthe steeper 1/30 and 1/20 waves to produce
the largest negative forces. There was little or no increase in the heav-
ing force between Fr = ,05 and Fr = .1 . After Fr = .1 , the force again
increased with increasing speed. Except at Fr = ,05 the heaving force
was essentially independent of wave steepness, 7}‘, and relative wave
length , A/L.,

Pitching Moment

The steady-state pitching moment is shown on Fig, 10 . The
runs when no waves were present show consistently increasing negative
values indicating that the model has a diving tendency. This may be
explained by the fact that the line of action of the resistance force is
located below the center line of the force balance. Since the thrust was
applied (through the centerline of the force balance) above the resistance,
a diving pitching moment results.



When waves are added to the environment of the model, the steady-
state pitching moment shows entirely different trends than when the waves
were absent. When O0<Fr < .05, the pitching moment shows the usual
increasing diving tendency. As the speed increases beyond Fr = .05
the pitching moment is largely independent of speed. In all cases the
shorter wave lengths, /L =0.48 , produced positive pitching moments.
This is due to the fact that the waves are attenuated by the ship and that
the afterbody experiences only the more attenuated wave, thus producing
a positive pitching moment.

Drag Force

The steady-state drag force is shown on Fig. 11. The trends
established by the drag force in the absence of waves are well supported
by nearly all the later runs with waves present. The importaat increase
indrag at Fr =. 1 is masked or reduced by 50 percent to 60 percent in
the presence of the waves. At all other speeds the steady-state drag
force is independent of both wave length and wave steepness. At Fr = .2
the drag increases greatly and at Fr = .25 the drag is three to four times
greater than at any other point.

Oscillatory Forces and Moments

The oscillatery forces and moments are presented as a function
of period of encounter on Fig. 12, 13, and 14, and as a function of Froude
Number on Fig. 15, 16, and 17. In all cases the force or moment was
shown as the range in force (double amplitude) divided by the wave slope,

A% . This ratio was used in an attempt to eliminate wave steepness as

a variable. In some cases a grouping of the data points according to steep-
ness can be found. This is probably caused by the fact that the reflection
is a function of wave steepness.

Heaving Force

The oscillatory heaving force is shown as a function of period of
encounter, T, , in parameters of relative wave length, AlL , on Fig.
12. Highest range of the heaving force is experienced at the lowest value
of the period of enczounter. The data obtained in the longer wave length,

AL = .94 , indicated that the steeper waves (h/,\ =1/30 ) pro-
cduced somewhat lower heaving forces. This trend was not present in the
shorter waves.

Oscillatory heaving force is shown as a function of Froude Number,
Fr , in parameters of relative wave length, AIL , on Fig. 15, The
longer waves, AlL = .94, produced higher ranges of the heaving force.



For either wave length, higher ranges of the heaving force were found
at the higher speeds. The shorter wave length, A/L = .48 , had the
smallest range at zero speed of advance whereas, the longer wave
length, AIL = .94 , had minimum range of heaving force at Fr = ,05.
Data for the longer waves and the highest speed, Fr = .25, are not
available due to malfunction of the towing motor control.

Pitching Moment

The oscillatory pitching moment is shown as a function of period
of encounter on Fig. 13, and as a function of Froude Number on Fig. 16.
The oscillatory pitching moment data for the longer waves are not avail-
able due to the fact that the limit stops were set too low. It is known,
however, that the range of oscillatory pitching moment was greater for
the longer waves. The pitching-moment data for a number of the high
speed runs in the shorter waves are also questionable for the same
reason.

With the exception of the high speed runs (which may be question-
able) the oscillatory pitching-moment data exhibit similar trends to the
heaving-force data shown on Figures 12 and 15. The oscillatory pitch-
ing moment and heaving force are materially alleviated by increasing
the period of encounter. In head seas this is accomplished by a reduc-
tion in speed.

Drag Force

The oscillatory drag force is shown as a function of period of
encounter in parameters of relative wave length on Fig. 14. The drag
force is shown as a function of Froude Number on Fig. 17. The data on
Fig. 17 suggests that the range of oscillatory drag force is independent
of the relative wave length and that the range of force increases in a
linear relation between 0 < Fr < .20 and then tends to decrease again
at Fr = .25 . Unfortunately the high speed run in the longer waves was
not available so that no data are available to support this trend in the
longer waves.

Wave Attenuation

The wave attenuation factor was computed for each run at each pres-
sure gage. The average value for each speed was used to draw the lines
shown on Figures 19 and 20. The data points are not shown on these
graphs in order to avoid confusion. The values are given in Table 1.

The data for the shorter wave length, A /L = .48 , are shown on Fig. 19 .

=10+



The wave attenuation shows a strong dependence on speed especially

for the shorter wave length. In all cases the major part of the wave
attenuation occurs under the forebody of the ship. This longitudinal
asymmetry accounts for the changing trends of the steady-state pitching
moment observed on Fig. 10 between the no-waves and waves-present
runs.

At Fr =0 the model attenuated the shorter waves more than the
longer waves. This trend was reversed when speed of advance is intro-
duced. At Fr = .2 greater attenuation was observed for the longer
waves, This is not in accordance with existing theory.

i



V. CONCLUSIONS

These concluding remarks are drawn from the data obtained to
date reporting the experiments in head seas. The force and moment
histories are divided into two parts - the steady-state and the oscilla-
tory forces and moments.

1.

The steady-state heaving force was found to be dependent
upon speed and virtually independent of wave configuration.
Increasing the speed caused increasingly larger negative
values (settling tendency).

The steady-state pitching moment in waves experienced a
small variation with speed and a strong dependence on wave
configuration,

The steady-state drag force showed a complex variation
with speed and was largely independent of wave configuration.
The drag force showed a large increase between .2 {Fr < ,25.

The oscillatory heaving force was found to increase with
relative wave length and speed.

The oscillatory pitching moment increased with relative
wave length and speed, although only qualitative values
are available for the longer waves.

The oscillatory drag force was found to be independent of
wave length and increased with speed up to Fr = .2 . At
Fr = .2 the drag force decreased with increasing speed.

The wave attenuation was determined from the pressure histories
measured at three pressure gages mounted in the bottom of the model
along the keel.

1-

The forebody was more effective in attenuating the waves
than the afterbody.

The attenuation factor decreased as the speed increased.

When Fr =0 the model attenuated the A /L = .48 waves
to a greater degree than the A/ L = .94 waves.

Y O



4, For all other speeds of advance the model more effectively
atienuated the longer waves.

The wave reflection from the model was not obtained due to failure
of the instrumentation; however, some of the data indicated that the reflec-
tion coefficients are systematically higher in the shorter and steeper
waves.

It would be desirable to have additional tests at Fr = .02 and
.07 to better define the curvature of some of the graphs.

-13-
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Table 1

EXPERIMENTAL DATA
Keel Pressure Gages

°§T'

#1 #e i3 Steady State Oscillatory Forces and Moments
Run V Fr Te o h Ao Ax Ax Ax Ax Ax AX TFs My Fx OFs AFs  aMy 4Ny AFx AFX
No. Ao Ao Ao 2} ¥ g
fps sec deg in in in -- din -- in -- 1b in-lb 1b 1b 1b/deg in-1b in-1b 1b 1b/deg
A/L = 48; hfy =1/40; T = .68 sec.; A =2.4 ft.; K= .48 deg.
1 0 0 .68 4.6 ..74 .18 .11 .61 .10 .56 .07 .39 O 6.0 -.01 0.7 .159 41.0 9.33 0.22 .05
2 0 0 .68 L4 .12 .17 .11 .65 .10 .59 .06 .35 0.1 7.0 -.01 0.7 .159 L41.0 9.33 0.22 .05
3 .63 .05 .58 3.5 .56 .14 .12 .86 .08 .57 .07 .50 -0.2 1.0 -.05 0.5 .143 LK1.0 11.72 0.50 .143
L B 05 5T 44 .70 27 .22 72 08B M7 .06 .35 -1.3 2.0 O 0.6 .139 43.0 10.00 0.66 .153
S Bl 05 men e el gmee e e e e mae swe o w008 Bl =a0l e mme wees eeee IO 1
6 1.25 .10 .50 4.7 .75 .18 .11 .60 .10 .56 .06 .33 -1.2 0.5 -.03 0.8 .170 48.0 10.21 0.70 .1k9
7 1..26 .10 .50 4.5 .72 .17 .11 .6+ .08 .47 .07 .41 -1.3 1.0 -.07 1.0 .227 48.0 10.91 0.81 .189
8 1.29 .10 --= e-es mme mme eme eee mee e e eee 2103 5.0 =012 mee meem mmee e e rsiby
10 2.53 .20 .0 4.1 .65 .16 .09 .57 .11 .68 .08 .50 -2.6 2.0 -.02 1.5 .375 63.0 15.95 1.30 .325
12 2.51 .20 .39 48 .75 .18 .12 .67 .08 .k .06 .33 -2.5 1.0 -.01 1.3 .277 65.0 13.82 1.50 .319
13 2.54 20 O cece cae | cme dae cad cae caa cae ace 2,3 13,0 <03 cem  comm  come  cmeea ———— -
i 3.17 .25 .36 L.6 ..74 .18 .12 .67 .14 .78 .12 .67 -3.4 2.0 -.26 2.4 .533 Th.0 16.45 0.95 .211
15 3.16 .25 .36 5.3 .8 .20 .12 .60 .16 .80 .12 .60 -3.2 1.0 -.17 2.3 .4s0 65.0 12.74 0.85 .167
16 3.15 .25 o=  cee  cec com cee mee een mee mee eee 23,3 21T0 «.35 mee mmee mmee aeee- cmem mee-
A/L = .48; h/A =1/30; T = .68 sec.; A=2.k ft.; K = .L8 .
17 3.17 .25 .36 5.9 .95 .23 .15 .65 .14 .61 .14 .60 -3.2 0.5 -.25 2.4 ho2 ¥ eeee- 0.90 .158
18 3.16 .25 .36 6.9 1.10 .26 .1k .5k .1k .54 .14 .53 -3.4 1.0 -.35 3.0 A55 ¥ eeea- 0.9% .1k2
19 3.17 .25 === --ee emme =m= mmm eee mee cee =e= —== =3.3 -13.0 -.20 --= e--- mmoo co-ee i o, S
20 2.53 .20 k0 5.9 .96 .23 .17 .74+ .15 .65 .12 .52 -2.8 0 .0b 2.3 .397 87.0 15.00 1l.45 .250
21 2.51 .20 .0 6.1 .96 .23 .20 .87 .13 .57 .11 .48 -2.6 1.5 =-.05 3.0 .508 ¥  caee- 1.30 .220
22 2.54 .20 =-= emme ceme cme mmm mme mme mem eee === =2.3 -10.0 02 =-= =—mce mmee meea- B
o4 1.25 .10 .52 7.1 1l.14 .27 .15 .56 .08 .30 .10 .37 -1.7 1.5 -.03 1.1 .16+ 65.0 9.70 0.7 .110
25 1.22 .10 .50 7.0 1l.12 .27 .17 .63 .08 .3¢ .10 .37 -1.1 -2.0 .02 1.0 .149 58.0 8.66 0.68 .10l
26 .63 .05 .58 7.2 1l.1% .27 .15 .56 .10 .37 .08 .30 -l.2 -2.0 OB aen weus 56,0 8.23 0.53% SO0
27 .63 .05 .58 6.8 1.08 .26 .14 .5k .08 .31 .10 .38 o T T I, o 0.6 .092 53.0 8.16 0.50 .O77
28 70 0 .68 7.3 1.14 .27 .19 .70 .07 .26 .0T .25 0 9.0 -.03 0.8 .118 63.0 9.27 0.35 .05
28 0 0 .68 6.6 1.05 .25 .20 .80 .08 .32 .07 .28 o0.1 8.0 -.03 0.8 .125 65.0 9.42 0.40 .063

* Force Balance against safety stop



Table 1 (Continued)

EXPERIMENTAL DATA
Keel Pressure Gages

#1 #o #3 Steady State Oscillatory Forces and Moments
Run V Fr Te h Ao Ax Ax Ax Ax Ax Ax Fs My Fx AFe aFs AMy AMy AFX AFX

No " I Ao o s 5 xY
fps sec deg in in in -- in -- in -- 1b in-lb 1b 1b 1b/deg in-1b in-1b 1b 1lb/deg

A/L = .48; h/A =1/20; T = .68 sec.; M\=2.4 ft.; K= .48 “deg
30 O 0 .69 10. 8 1.76 b2 .19 .45 .12 .29 .10 .24 -0.1 1.5 O 1.6 .157 T72.0 7.06 0.51 .050
31 0 0 .68 10.8 1.75 .2 .17 .41 .13 .31 .12 .29 -0.1 -0.5 04 1.6 .157 80 o 7.84 0.50 .049
33 .63 .05 .58 9.7 1.4 .37 .22 .60 .16 .43 .15 .W\1 -1.5 -2.0 -.03 1.8 .196 --== 0.67 .073
3% 1.25 .10 .50 9.8 1.6 .37 .19 .51 .13 .35 .16 ‘.43 -1.5 -2.0 -.11 1.7 .181 = w-== 1.00 .106
35 1.2 .10 .50 10.8 1.77 .43 .20 .47 .13 .30 .15 .35 -1.2 -2.0 O 1.8 .37 % --=-= 1.06 .10k
36 2.51 .20 .40 10.2 1.62 .39 .22 .57 .19 .49 .18 .46 -2.3 -2.0 .06 3.2 .330 * ~-== 1l.60 .165
37 2.5& .20 .39 10.1 1.64 .39 .20 .51 .19 .49 .16 .41 -2.3 -2.0 -.10 3.0 .316 * ---- 1.52 .160
38 3.11 .25 .36 10.8 1.72 .41 .14 .34 .19 .46 .18 .44 -2.9 0.5 15 L.2 h12 ---= 1.29 .126
,\/L .9%; h/y =1/40; T = .96 sec.; A= k4.7 ft.; K = .70
0 0 .96 5.5 1.74 .61 .35 .58 .22 .36 .15 .25 -0.3 =-1.5 -.05 1.k .264 % === 0.50 .095
0 0 .96 5.6 1.7 .61 .35 .58 .25 .41 .17 .28 -0.2 -1.0 -.02 1.6 .302 * ~=== 0.50 .095
41 .63 .05 .8 5.3 1.65 .58 .38 .66 .22 .38 .23 .bO -1.1 -9.0 O 1.2 .24k0 * -——-  0.48 .096
4o .63 .05 .8 5.5 1.74 .61 .39 .64 .22 .36 .21 .3% -0.8 -12.0 -.01 1.k .26k % -=== 0.53 .100
4 1.25 .10 .76 5.5 1.72 .60 .kO .67 .20 .33 .23 .38 -1.0 -9.0 -.11 1.6 .308 ¥ --== 0.82 .158
45 1.27 .10 .75 5.7 1..76 .62 .39 .63 .19 .31 .23 .37 -1.3 -9y.0 -.03 1.k .259 * wee=  0.85 .157
46 2.53 .20 .63 5.7 1.76 .62 k0 .65 .24 .39 .23 .37 -2.8 -9.0 .02 2.7 .500 * -—-—- 1.63 .302
47 2.5 .20 .62 5.5 1.7h 6L 34 .56 .ﬁs A1 .24 .39 -2.6 -6.0 O 2.8 .528 «* ---—-  1.63 .308
A/L = .94%; h/pn = 1/30; .96 sec.; A= L.Tft; K=.T0

48 / 0 .9é 7.5/ 2.37 .83 .50 .60 .25 .30 .25 .30 -0.2 -3.0 -.05 1.6 .228 * e 062 008
L9 o 0 .95 L.9 2,32 .81 .59 .73 .24 .30 .25 .31 -0.1 -3.0 -.06 1.8 .261 ¥ == 0.65 .09k
50 .63 .05 .84 7.5 2.37 .83 .55 .66 .27 .33 .26 .31 -1..b -6.0 O 1.5 .21h weww 098 <138
51 .63 .05 .85 T.7 2.0 .8 .59 .70 .27 .32 .25 .30 -1.3 -7.0 ~-.01 1.6 .222 ¥ SR o - e - |
52 1.25 .10 .76 7.7 2.k0 .84 .58 .69 .27 .32 .26 .31 -1.5 -6.0 -.02 1.8 .257 = e——e 087 139
53 1.5 .10 .76 7.8 2.4 .85 .61 .72 .27 .32 .26 .31 -1.4 -6.0 -.06 1.5 206 ¥ wanm  LJOGF 1ES
Y 2.55 .20 .63 k.9 2.30 .81 .59 .73 .31 .38 .30 .37 -2.3 4.0 O 2.4 .348 * wwin o X0 NS
gs 2.57 .20 .62 7.5 2.36 .83 .65 .78 .31 .37 .29 .35 -2.8 -L.0 -.0T 3.0 L28 % enen XN AENE

* Force Balance against safety stop. .



{
.Cover Angle i i ;
\ | .- Strut Support To
; 1 Towing Carriage
| \\\f T\ . " g :i
1 \\\ I l \\\
faw and Sway Springs \'] . 2 S4p: L

\ \\\ -
P RS
Agn it Orce R ' \\

$
SIX COMPONENT BALANCE

Fig.

-17-




Fig. 2 Completely assembled six-component balance.
Large plug is carriage disconnect plug. The
three smaller plugs are for the pressure gages.

Fig. 3 Six-component balance with the cover removed,
showing the forward and after force units.
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Fig. 5 View of the bottom of the model, showing the
location of the pressure gages.
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Fig. 6

Hig. 7

Capacitance probe transmitter unit before encapsulction.
The two-inch square plate is located under the trans-
mitter. Tuning is accomplished by turning the adju~t-
ment screw of the small piston capacit or through the
hole in the front of the case.

Capacitance probe transmitter after encapsulation.
A brass heat-sink is mounted over the transistor.
The battery is externally mounted being connected

to the wires at the left .
..2]_-
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WAVE ATTENUATION AS A FUNCTION OF LENGTH
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WAVE ATTENUATION AS A FUNCTION OF LENGTH
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