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AUTHORIZATION FOR TEST

1. This problem was authorized by reference (a), and other ref-
erences pertinent to this problem are listed as references (b) to (o),
inclusive.

References: (2) BuShips ltr. HOs-71894 (3665) of 2 June 1941.

(b) Contract N0s-71984 - US5 TERROR.

{c) Specification SGS(65)-15la of 1 February 1937.

(d) NRL Report B~1607 of 11 April 1940.

(e) NRL Report B-1697 of R5 February 194l.

Drawings:

(£) Cii5 565-924 Alt. 2, (CAL-3000) ifaster
Transmitter-Indicator.

(g) CE5 565-922 Alt. 2, (CAL-8R00) Speed and
Distance Indicatar.

(n) Cl5 565-925 Alt. 2, Sheet 1 (CAL-3220)
i;aster Transmitter-Indicator ~ Interior Unit.

(1) CM5 S$65-925 ilt. 2, Sheet R (CAL-8220)
liagter Transmitter-Indicator - Hain Force ard
Balance Arm Assembly.

(3) c15 S865-925 Alt. 2, Sheet 3 (CAL-82R0) Master
Transmitter-Indicator-Component Force-Driving
and Follower Assembly.

(k) Cli5 565-925 Alt. 2, Sheet 4 (CAL-8220) Haster
Transmitter-Indicator-Speed and Distance Trans-~
mission Assembly.

(1) cL5 S65-925 Alt. 2, Sheet 5 (CAL-8220) liaster
Transmitter-Indicator-Pressure-Static Bellows
Assembly.

(m) Cli5 S65-926 Alt. 3, (CAL-3R70) Speed and
Distance Indicator - Interior Unit.

(n) CM5 565-935 Alt. 1, (CAL-8272) Schematic Diagram.

(o) CI5 565-923 Alt. 2, (CAL-8100) Rodmeter and
Seavalve Assembly.

OBJECT OF TEST

R, The object of this test wes to determine conformance of the
sample electric log equipment with specification, reference (c¢), (as modi-
fied by contract, reference (b)), and its suitability for Waval use.

ABSTRACT OF TEST

3, The subject log ecuimment was set up at this Laboratory in con-
Junction with svitable test apparatus and its performance was carefully ob-
served for compliance with the specification. Tollowing calibration by the
manufacturer's representative, an initial accuracy test was mede, Tests were
then made to determine the effect of inclination, variation in supply voltage
and frequency, endurance, shock, vibration and hydrostatic pressures. Addi-
tional accuracy tests were made on several occasions to isolate the errors
resulting from the several test conditions. Observations were made in a
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Through a train of gears #46 and #24, the actuator motor rotates the

large master cam #R5 which, in turn, causes the master spring arm ;#23 to
pivot, Pivoting of this arm causes loading of the contact arm #18 through
the large master spring #28. This loading forces the contact arm back to
its initial position, at which point the contacts cut off the actuator motor.
The speed mechanism of the log will then remain inactive ard the pointer will
remain stationary until the speed of the ship changes. An increase in speed
will cause a recurrence of the described action. A decrease in pressure
will cause the contact arm to pivot in the opposite direction and thus cause
the actuator motor to run in the reverse direction of that described. This
will rotate the cam so as to take the load off of the contact arm and allow
it to return to its initial position.

9. Further loading of the contact arm for corrective purposes is
obtained by using an auxiliary spring ;21 and arm #19. This arm is caused
to pivot by motion of slide ;*32. Thus, the loading of the contact arm by
this spring will be dependent upon the angle at which the slide is set by
the "B" adjustment. The motion of slide ;32 is obtained by means of 2 nut
riding on & threaded shaft which is rotated by the actuator motor #45
through gears :'35.

10. The speed in knots is indicated on a dial #26 by means of a
pointer #R7 which is fastened to the shaft which carries the master cam ;/:25.
Synchro-generator #48, which is also geared to the shaft that carries the
master cam, positions all other pointers in the system.

11, This log system is equipped with three adjustments; "A" adjust-
ment #29, "B" adjustment #33, and "C" adjustment 16, The "C" adjustment
merely affects the zero setting of the instrument. The "A" adjustment
affects all readings of the log by the same percentage. The "B" adjustment
affects the readings in a constant percentage rate of increase or decrease.
That is, the larger the reading, the greater the effect of the "B" adjust-
ment. By means of these three adjustments, it is possible to calibrate the
log for pilot static rodmeters of different coefficients.

12. The primary portion of the distance mechanism consists of a
threaded shaft #58, a friction roller and carriage #39, a constant sv:eed
disc #40, and a synchronous motor with internal reduction gear #41. As
threaded shaft ;38 is caused to rotate by a change in the speed mechanism,
due to a veriation in ship's speed, the distence integrating roller ;38 is
caused to move radially along the surface of disc ;0. Since the number of
revolutions turned by screw #38 is governed by the speed of the ship, it
follows that the position of ,#39 en /40 will also be a function of the
speed of the ship. As it is arranged so as to be at the center of the disc
vhen pointer ;27 is at the zero speed position, roller i#39 will be moved
radially along 40 and 17ill begin to rotate, being driven by the disc, hen
the ship begins to move forward. Also, since ;40 rotates at a constant
speed, it follows that the speed of roller #39 is also a function of ship's
speed.,

13, A shaft coupled to roller #39 is linked to one s;de of 2 dif-
ferential gear assembly ;#57 through a loose-link coupling i42. The opposite
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side of the differential is coupled through gears #58 to a shaded-pole
induction motor #54, and a type "B" Synchro-transmitter ;#55. The spider
gear assembly of the differentiil is coupled to the contact arm of a speed
cantrol rheostat ;56 which is connected in series with the control winding
of motor #/54. As motor #54 drives one gear of the differential in a direc~
tion opposite to that of the gear driven by roller #39, the spider gear
assembly will not be required to change position when the two input speeds
are equal. Under this condition, the position of the rheostat contact arm
will remain unchanged.,

VWhen the speed of the ship increases, roller #39 will drive its dif-
ferential gear faster, causing the spider assembly to rotate and move the
sliding contact of the control rheostat toward the minimum resistance
position. This continues until the resulting increase in the speed of
motor 754 is proportional to the speed changs that has previously occurred
in roller 39, at which time the spider and rheostat arm will become sta-
tionary,.

A decrease in ship's speed produces a proportional reduction in the
speed of motor #54 by a reversal of the action just described.

Any change in the speed of motor ;54 produces a corresponding change
in the speed of Synchro-transmitter ;55 which drives all odometer type
mileage counters in the systenm,

Two actuator motor limit switches and a synchronous motor cut-off switch
are operated by piece #85 of roller assembly #38. The actuator motor
gwitches operate at -0.2 and R®5 knots and the synchronous motor cut-off
switch operates at 0.5 knot.

METHOD OF TEST

14, The subject equipment was set up at this Laboratory in con-
Jjunction with suitable testing equipment. The Master Transmitter-Indicator
was calibrated by the manufacturer's representative against the manometers
of this equipment. These manometers had scales giving equivalent speeds in
knots for a2 rodmeter coefficient of 0,957. A water manometer was used for
speeds up to 8 knots and a mercury manocmeter was used for speeds between
8 and 25 knots. The static head under either condition was approximately
10 feet.

15, Immediately following the calibration, a complete accuracy
test was conducted. The supply to the equipment was maintained at 115 volts,
60 cycles, controlled frequency.

16. Following this, accuracy tests were made with the equipment
inclined 45 degrees left, right, forward, and backward.

17. Accuracy tests were then made with the supply maintained at

110% normal voltage at 5 cycles below normal frequency and 90% normal
voltage at 5 cycles above normal frequency. In the supply to the syn-
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chronous motor, only the voltage was varied as a frequency variation would
introduce a proportionate error in the mileage counted.

18. The equipment was then subjected to a 500-hour endurarce
test during which the pressure differential applied to the bellows unit was
varied to produce speed indications ranging from O to 25 knots and retwn at
a rate of 1 cycle in 10 minutes. Except as noted, this test was made at room
temperature.

19. After 400 hours of the endurance test, the Master Transmitter-
Indicator and one Speed and Distance Indicator were placed in a heating
cabinet and operated for 50 hours at 65°C. The temperature rises of several
windings, not measured during the test reported by reference (e), were measured
during this period.

R0. Following this, an accuracy test was made and, as considerable
error was noted, the master unit was recalibrated and another accuracy test
was conducted in preparation for the shock and vibration tests.

?1. Following the shock and vibration tests, (laster Transmitter-
Indicatar only), the errors were found to exceed the specified tolerances and
the Laster unit was again recalibrated. This calibration was checked by con-
ducting a complete accuracy test.

2. An accuracy test was then conducted under conditions simulating
those obtained on a submarine operating at a depth of 100 feet.

R3. Next, the hydraulic parts of the llaster Transmitter-Indicator
were subjected to a hyirostatic pressure of 250 pounds per square inch as re-
quired by paragraph F-Rm of reference (c). Folloving this, accuracy tests were
made to determine the effect of the hydrostatic test.

R4. The bellows unit of the hydramlic unit was removed for inspec-~
tion and subjecped to a 100-hour salt spray test.

25 No tests were made to detemmine the effectiveness of the test
weight and awxiliary arm due to the failure of the bellows unit during the
course of the regular type approval tests.

6. Follawing tests for dielectric strength and insulation resis-
tance, and a brief check against the drawings, references (f) to (n) inclusive,
an inspection was made of each unit to determine its conformance with the
specifications relating to materials, design, amd workmanship. In order to
do this, the linkage between the hydraulic unit and the mechanism of the liaster
Transmitter-Indicator was uncoupled. Previous to this inspection, the linkage
had not been disturbed.

RESULTS OF TESTS

R7. The results of the tests, conducted as described under "Hethod
of Test,® follaw:
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Requirements

(g) With supply of 126.5 volts
55 cycles:
Calibration:
A= 5.06, B -+001, Ca= 2064

(h) After 450 hours of endurance
test:
Calibration:
A = 3.06, B = +0.1, C = 2.64

(1) After 450 hours of endurance
test and recalibration:
A = 3,06, B=+0.4, C = 2,64

(3)

Following shock and vibration:
Calibration:
A =306, B=+0.,4, C = 2,64

(k) Following shock and vibration
and recalibration:
Calibration:

A= 5.06, B = +0.4, C= 2038

(1) At 100-foot submergence:
Calibration:
A= 3006, B = +0.4, C = 2.38

(m) Following hydrostatic test:

Calibration:
A= 5006, B = +004, C = 2,38

(n) Following hydrostatic test and
recalibration:
A = 3,06, B = 40,4, C = 2.90
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Test Values

#Knots - Errors at 24 knots
exceed tolerance. See Table 7
and Plate 7.

#Miles - Errors at speeds of
24 and 25 knots exceed tolerance.
See Table 7,

*Knots and Miles - Many errors
exceeding tolerance,
See Table 8 and Plate 8.

Knots - Satisfactory.
Table 9 and Plate 9.
#¥iles - Errors at 24 knots
exceed tolerance, See Table 9,

See

¥Knots ~ Errors at 4 and 24 knots
exceed tolerances.
See Table 10 and Plate 10.
#iiles ~ Errors at 4 knots exceed
tolerance,
See Table 10.

Knots ~ Satisfactary
Miles - Satisfactory
See Table 11 and Plste 11.

Knots - Satisfactary -
Miles - Not recorded
See Table 12a and Plate 12.

#Kknots - Errors at 4 to 6 Xnots
exceed tolerances.

Miles - Not recorded

See Table 12b and Plate 13
Note: Bellows damaged - leaked.

Knots - Satisfactory up to

16 knots (limit of test equip-
ment due to bellows leak).
Miles - Not recorded.

See Table 12¢ and Plate 14.
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Requirements Test Values
Weights and dimensions: Shall not Haster Tranamitter-Indicator
exceed the following: Height 34", width 17",
Master Transmitter - Height 90", width depth 11-5/8".
18", depth 12", (No weight specified.) Weight 144-3/4 1bs.
Speed and Distance Indicater: Height Speed ard Distance Indicator:
12", width 12, depth 8", Height 12-1/8", width 10-1/2",
(No weight specified.) depth 8-1/2", Weight 37 1bs.

and 15 ounces.

Material in Contact with Sea jater: +Bellows parts appear to be
A1l metel tubing, etc., in contact brass and are sealed after
with salt water shall be of brass or assembly by sweating with 2
bronze, Paragraph D-5. tin-lead alloy.
Salt spray test: Not required, but ##Tin-lead alloy attacked due
applied to the bellows unit for 100 hours to galvanic corrosion. See
to demonstrate the effect of salt water "Comments on Results of Tests."

on the dissimilar metals. The test cycle
was a 3-minute period of salt spray (R0%
salt) followed by a 3-minute drying period
during which heated air was blown on the
sample. The temperature in either case
was 55°C.

#Denotes non-compliance with the specification.
swDenotes characteristic considered unsatisfactary.

COMMENTS ON RESULTS OF TESTS

?8. The following comments pertain to the test results:

(2) As shown by Table 1 and Plate 1, the initial accuracy of
indicated knots and counted miles complied with the specification.

(v) Inclining the equipment 45 degrees forward, backward, right
or left introduced no error in indicated knots gzreat enough to exceed the
tolerances of the specification. Backward inclination, however, caused the
errars in counted miles to exceed the tolerances at several speeds, although
the indicated knots were satisfactory. See Tables 2, 3, 4, and 5, and
Plates 2, 3, 4 and 5.

(c) Tests with a supply of 103.5 volts, 65 cycles, produced no
significant loss of accuracy within the range covered by the specification.
The errars in indicated knots at 24 knots slightly exceeded the tolerances
as shom by Table 6 and Plate 6.

(d) With a supply of 126.5 volts, 55 cycles, there was no sig-

nificant loss of accuracy in indicated lmots. The errors at 24 lmots were
positive and exceeded the tolerances. The errors in counted mileg were
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tin-lead alloy. An examination following this test verified the theory
that the action is accelerated in the vicinity of large areas of protected
(cathodic) metals, It was also noted that the action was even more pro-
nounced 2t areas vhich did not dry during the drying period of the salt
spray cycle. The use of a tin-lead alloy in this assembly is a technical
violation of paragraph D-5 of specification, reference (c).

(1) The fact that the "C" (zero) adjustment had to be changed
several times during the early part of the test is believed to indicate a
progressive aging effect. I!owever, between the test covered by Table 7
and the test covered by Table 9, the equipment operated for 400 hours
vithout requiring a further change in "C" zdjustment. It was necessary to
change the "B'(slide) adjustment at the end of this period.

(m) There is also some evidence of & relaxation effect in the
bellows., After the equipment has been at rest for some hours, the pointer
assumes a "zero" position which does not coincide with the position vhich
it assumes for "zeroY after having been deflected to indicate the higher
speeds. For example, the pointer indicated 0.4 knot after the equipment
had been at rest for 16 hours and 0 knots immediately after the pointer had
returned from 25 knots,

(n) It should be stated that, in changzing the "C" adjustment, a
setting was chosen which would minimize the errars in the vicinity of 3 knots
and demonstrate the maximum accuracy of vwhich the equipment was capable,
Setting the "C" adjustment to indicate O at zero speed is somewhat less szt-
isfactory and would result in larger errors at the low scale values, I{ith-
out means to apply a pressure dif ferential to the hydraulic unit (as might
be the case in the Service), the characteristic covered by (m) would intro-
duce an error in this setting.

(o) It was also noted that the rheostat used to control the speed
of the shaded-pole induction meter in the mileage mechanism of the Master
Transmitter-Indicator does not have a definite position for each ship's
speed as might be expected when the operation of this mechanism is first
considered. Tor example, it was observed on one occasion at zero ship'!s
speed that the slider of the rheostat was in the maximum resistance position
and the motor shaft was not running, Tihen the ship's speed was raised, the
motor began to run and the counters in the Speed and Distance indicaters
indjcated mileage vith usual accuracy at speeds between 1 amd 11 knots
without a change in rheostat position. This is taken as conclusive evidence
that this motor does not furnish all of the power necessary to drive the
type "BY synchro, some torque from the roller and disc being transmitted
through the differential. At higher speeds, the position of the rheostat
slider was definitely different for speed changes of 1 knot.

COMMENTS ON INSPECTION OF EQUIPHENT AND COHPARISOM -JITH DRALINGS SUBMITTED

29. The following comments are the result of an examination to
determine any defects and ascertain what changes would be desirable:
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CONCLUSIONS

31. The Bendix Log fails to satisfy the specification require-
ments in many minor particulars, namely:

iag Errors in speed.

b) Errars in mileage.

(c) Change in calibration after "endurarce."

(d) Minor derangements under shock.

(e) Rupture of bellows under hydrostatic pressure.

(£) Carresion of bellows.

(g) Excessive temperature rise of motor windings.

(h) Change in "zero" position at rest.

(1) ¥eximum rate of acceleration is 8 knots per minute,
which is toodlow for destroyer anti-submarine tactics.

On the other hand, the general perfarmance of the Bendix Log on
test was satisfactary. Errors were small, and no deficiencies were of suf-
ficient magnitude to interrupt or seriously affect operation.

3R This Log is a marked improvement over the equipment pre-
viously tested and reported by reference (e). It does not merit unqualified
type approval, but is considered to be of adequate design and construction
to warrant shipboard installation for service test. It is considered that,
with further developments aml refinements, the outstanding deficiencies can
be overcome without changing the basic design.
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