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AUTHORIZATION FOR TEST 

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

References: (a) BuShips ltr. HOs-71894 (5665) of 2 June 1941. 
(b) Contract NOs-71984 - USS TERROR. 
(c) Specification SGS(65)-15la of 1 FebruarJ 1937. 
(d) NRL Report B-1607 of 11 April 1940. 

OBJECT O? TEST 

(e) NRL Report B-1697 of 25 February 1941. 
Drawings: 
(f) C!rS S65-924 Alt. 2, (CAL-3000) L!aster 

Transmitter-Indicator. 
(g) c~s S65-922 Alt. 2, (CAL-8200) Speed and 

Distance Indicator • 
(h) CJIS 565-925 Alt. 2, Sheet 1 (CAL-3220) 

1:aster Transmitter-Indicator - Interior Unit. 
(i) CHS SSS-925 ,i..lt. 2, Sheet 2 (CAL-0220) 

liaster Transmitter-Indicator - liain Force am 
Balance Am Assembly. 

(j) CHS S65-925 Alt. 2, Sheet 3 (CAL-8220) Master 
Transmitter-Indicator-Component Force-Driving 
and Follower Assembly. 

(k) Cl.IS S65-925 Alt. 21 Sheet 4 (CAL-8220} Uaster 
Transmitter-Indicator-Speed and Distance Trans­
mission Assembly. 

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

(m) CHS S65-926 Alt. 5, (CAL-3270) Speed and 
Distance Indicator - Interior Unit. 

(n) CNS S65-955 Alt. 1, (CJI..L-8272) Schematic Diagram. 
{o) CI:5 S65-923 Alt. 2, (CAL-8100) Rodrreter and 

Seavalve Assembly. 

2. T!1e object of this test w~.s to determine conformance of the 
sample electric log equirinent ~"ith specification, reference (c), (as modi­
fied by contract, reference (b)}, and its suitability for Naval use. 

ABSTP~\CT OJ TEST 

3. The subject log equiprient 'was set up at this Laboratory in con-
junction with suitable test apparatus and its perforrnance was care.fully ob­
served for compliance with the specification. Follo,d.n6 calibration by the 
manufacturer's representative, an initial accuracy test WJ.S nade. Tests were 
then made to determine the effect of inclination, variation in supply volta.ge 
and frequency, enduraT1ce, shock, vioration and hydros ta tic pressures. Addi­
tional accuracy tests were made on several occasions to isolate the errors 
resulting from the several test oonditions. Observations ·v,ere ma.de in a 
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dark room to determine the quality of the dial illumination. The test 
was concluded with a brief check against the drawings and an inspection 
of the equi?Rent to determine compliance with those requirezoon ts of the 
specification 1nich pertain to materials, design., and warlan.anship. 

- 2 -
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Conclusion, 

(a) The Bendix Log fails to satisfy the specification require-
ments in many ~ particulars, namely: 

(1) Errors in speed. 
( 2) Errcr s in mileage. 
(5) Change in calibration after "endurance." 
(4) ?,ii.nor der~enents under shodc. 
(5) Rupture of bellows under hj'drostatic pressure. 
(G) Corrosion of bellows. 
(7) Excessive temperature rise of motor windings. 
(8) Change in "zero" position at rest. 
(9) I.ia;d.mum rate of acceleration is 8 lmots per minute, 

which is too slow for destroyer anti-submarine 
tactics. 

On the other mnd, the gereral performance of the Bendix 
Log on test was satisfactory. Errors were small, and no deficiencies were 
of sufficient magnitude to interrupt or seriously affect operation. 

(b) This Log is a mrked improvement over the equipnent pre-
viously tested and reported by reference (e). It does not merit unqualified 
type approval, but is conSi.dered to be of adequate desjgn and construction 
to warrant shipboard ins~.tion for service test. It is considered that, 
with further developnents and refinements, the outstanding deficiencies can 
be overcone without changi.ng the basic design. 

- 2a -
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Recommendations 

(a) It is recommerrled that that portion of the Bendix Log 
covered by this report be approved for this contract subject to correction 
of ruptured bellows and reconditioning of equipnent prior to installation. 

(b) It is recommended that type approval be withheld pending 
correction of outstanding deficiencies as demonstrated by further laboratory 
tests. 

- 2b -



DESCRIPI'ION OF lfATERIAL UNDER TEST 

4. This equipment consisted of three of the four instruments pre-
viously tested ani reported un:ler reference (e). The fourth instrument, 
a l!aster Filea::;e-Transmitter, is no longer required as the function which 
it previously fulfilled is now accomplished by additional. mechanism in­
corporated in the Master Transmitter-Indicator. As submitted for this test 
the complete system consisted of the following units: 

1 - Yaster Transmitter-Indicator, 25 knot. 
1 - Speed and Distance Indicator, 25 lmot. 
1 - Air collector unit. 
l - Test weight. 
1 - Test weight arm. 
2 - Snubbers with connection tubes. 

s. The l'iaster Transmitter-Indicator sul:mitted for this test has 
mech,mism to enable it to indicate ship's speed in knots and to solve for 
distance traveled in nautical miles. The speed indicating mechanism has 
not ')een changed since the previous test. The mileage mechanism is new. 
T"nrough synchro-transmission, it drives all mileae;e counters in the system. 
A description of ti.~e mechanism and the operation of this instrument is given 
under "Principles of the Bendix Log, 11 paragraphs C to 13 inclusive. 

6. 'i'he liaster Transmitter-Indicator incorporates a neu design of 
bellows as 1:ell as a number of minor r.1echanical changes to correct the de­
ficiencies listed in reference (e). It is shown by photographs, Plates 15, 
16, 17 and 18 and is covered, with some discrepancies, by dra1t1mes references 
{f), {h), (i), (j), {k), (1), and (n). 

7. The Speed and Distance Indicators are repeaters equipped with 
"ring type lichting11 for dial and pointer illumination. The pointers are 
positioned by type 111!11 Synchro-Hotors md the odometers are driven by type 
11N11 Synchro-Motors. These instruments are shown by photographs, Plates 15, 
19, and 20 and are cOlfered, with some discrepancies, by draw.in gs, references 
(g), (m) and (n). 

PRINCIPLE6 OF THE BEl-JDIX LOG (See drawing reference (n)) 

8. A chamber #9, mo.unted below the ·-water line of the ship, is 
diVided in two parts by means of a flexible bellovra. The upper part of the 
bellows is connected with the sea through the static aperttn'e in the rod­
meter and the lower part is connected to the dynamic pressure aperture. 
Forward motion of the ship ,nil increase the pressure aIXi the dynamic 
pressure aperture and this pressure will be transmitted to the lov,er part 
of the cl1ar.1ber. This v:ill cause diaphraam ;n2 to move upward, forcing the 
contact arn tlS to pivot and causing the actuator motor /,145 to start.· 



Through a train of gears #46 and #24, the actuator motor rotates the 
large master cam #25 which, m turn, causes the master sprmg arm ;'.123 to 
pivot. ?ivoting 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 renain inactive a.rrl 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 
,tlll 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 
vd.11 rotate the cam so as to take the load off of the contact arm and allow 
it to return to its initial posit ion. 

9. Further loading of the contact arm for cor.rective pirposes is 
obtained by using an auxiliary spring )21 and arm t/-19. This arm is caused 
to pivot by motion of slide /,~52. Thus, the loading of the contact enn by 
this spring mil be depend.en t upon the angle at ,vhich the slide is set by 
the 11B11 adjustm.ent. T'ne motion of slide f,l52 is obtained by means of a nut 
riding on a threaded shaft Vlhich is rotated by the actuator notor 945 
through gears :'.'.55. 

10. The speed in knots is indicated on a dial #26 by means of a 
pointer f,f27 which is fastened to tl1e shaft llhid1 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 Yd.th three adjustments; "A" adjust-
ment r/29, "B" adjustment #'5'5, and 11C11 adjustment #16. The "C" adjustment 
merely affects the zero setting of the instrument. The 11A11 adjustment 
affects all readings of the log by the same percentage. The 11B11 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 "D" 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 i/58, a friction roller and carriage t,i59, a constant speed 
disc #40, and a synchronous motor vri th internal reduction gear #41. As the 
threaded shaft }58 is caused to rotate by a change in the speed nechanism, 
due to a varia ti.on in ship's speed, the distance integrating roller }59 is 
caused to move ra.dial.ly along the surface of disc ;140. Since the :m.nnber of 
revolutions turned by screw f,!58 is governed by tre speed of the ship, it 
follovrs th~t the position of >f59 an (;i40 will also be a function of t.'11.e 
speed of the ship. As it is arranged so as to be at the center of the disc 
when pointer }27 is at the zero speed posi ti.on, roller i'l59 will be moved 
radially along .'.140 and uill begin to rotate, being driven by the di.Sc, ~,hen 
the ship begins to move forward. Also, since }4..0 rotates at a conste.nt 
speed, it follous that the speed of roller ;;i:39 is also a function of ship's 
speed. 

15. A shaft coupled to l"oller 1,:39 is linked to one side of a dif-
ferential gear assembly ;157 through a loose-link coupling i}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 i1SS. The spider 
gear assembly of the differential is coupled to the contact ann. of a speed 
control rheostat if56 which is connected in series with the control winding 
of motor //54. As motor ff,54 drives one gear of the differential in a direc­
tion opposite to that of the gear driven by roller #'59, the spider gear 
assembly .,.:ill not be required to change position v1hen the two input speeds 
are equal. Under this condition, the position of the rheostat contact arm 
will remain unchanged. 

When 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 resist~e 
position. This continues until the resulting increase in the speed of 
motor 254 is proportional to the speed change that has previously occurred 
in roller f:39, at which time the spider ~nd 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 i?S4 produces a corresponding change 
in the speed of Synchro-transmitter 1;(55 which drives all odometer type 
mileage counters in the system. 

Trro actuator motor limit switches and a synchronous motor cut-off snitch 
are operated by piece #85 of roller assembly #'58. The actuator motor 
nit.oh.es operate at -0.2 and 25 lmots and the synchronous motor cut-off 
switch operates at 0.5 knot. 

METHOD OF TEST 

14. The subject equipnent was set up at this Laboratory in con-
junction ,nth suitable testing equipment. The Master Transmitter-Indicator 
l7as calibruted by the manufacturer's representative against the manometers 
of this equipment. These manometers had scales giving equivalent speeds in 
lmots for a rodmeter coefficient of O. 957. A water manoreter was used for 
speeds up to 8 knots and a mercury manometer nas used for speeds between 
8 and 25 knots. The static head under either corrlition vras approximately 
10 feet. 

15. Innnediately following the calibration, a complete accuracy 
test -rras conducted. The supply to tre equipment tfas maintained at US volts, 
60 cycles, controlled frequency. 

16. Following this, accuracy tests ,1ere nade vdth the equipnent 
inclined 45 degrees left, right, forward, and backward. 

17. Accurac.:y tests were then made with the supply mainta:ired at 
110% normal voltage at 5 cyt:les 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 w voltage was varied as a frequency variation vrnuld 
introduce a proportionate error in the mileage counted. 

18. The equip?Ent was then subjected to a 500-hour en:luran::e 
test during vmich the pressure differential applied to the bel10?1s unit was 
varied to produce speed indications ranging from O to 25 knots and return at 
a rate of 1 cycle in 10 minutes. Except as noted, this test was nade at room 
temperature. 

19. After 400 hours of the endurance test, the l!a.ster Transmitter-
Indicator and one Speed and Distance Indicator were placed in a heat:ing 
cabinet and operated for SO hours at 65°C. The temperatUr:'e rues of several 
windings, not measured during the test reported by reference (e), were measured 
during this period. 

20. Following this, an accuracy test was made and, as considerable 
error 11as noted, the master unit was recalibrated and anot.lier accuracy test 
was conducted in preparation for the shock and vibration tests. 

21. Following the shock and vibration tests, (!ira.ster Transmitter-
Indicatar- only), the errors were found to exceed the specified tolerances and 
the Easter unit was again recalibrated. This calibration was checked by con­
ducting a complete accuracy test. 

22. kn accuracy test vras thm conducted under conditions simulating 
those obtained on a suanarine operating at a depth of 100 feet. 

23. Next, the hydraulic parts of the l.iaster Transmitter-Indicator 
were subjected to a ~rostatic pressure of 250 pounds per square inch as re­
quired by paragraph F-2m of reference (c). Following this, accuracy tests were 
made to determine the effect or the hydrostatic test. 

24. The bello11S unit of t.1-ie hydraulic unit was removed for inspec-
tion and subjected to a 100-hour salt spray test. 

25. No tests were made to deteimine the effectiveness of the test 
weight and auxil.iary arm due to the :failure of' the bellows unit during the 
course of the regular type approval tests. 

26. Following tests. for dielectric stre~th and insulation resis-
tance, and a brief check against tm drawings, references (f) to (n) inclusive, 
an inspection was made of each unit to determine its conformance 'Vlith tl~ 
specifications relating to mterials, design, arrl workmanship. In order to 
do this, the linJat.ge between the hydraulic unit and the necbanism of the !faster 
Transmitter-Indicator was uncoupled. Previous to this "inspection, the linkage 
had not been disturbed. 

RESULTS OF TESTS 

27. The results of the tests, conducted as described under 111:Iethod 
of Test, 11 follow: 

DECLASSlr~ED 
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Reguire~nts 

Supply: Shall be designed to operate 
from a 115-volt, 60-cycle power source 
having operating tolerances of~ 10% 
in both voltage and frequency. 

Power requirements of equipnent: 
(not specified). 

Accuracy: Errors in indicated speed 
or recorded miles shall never exceed 
the £ollow:mg: 

6 per cent at 4 knots 
4 per cent at 6 knots 
5 per cent at 9 knots 
2 per cent at 16 knots 
1 per cent at 20 knots and over. 

(a) At start of test: 
Cal.ibration: 
A= 3.06, B = +0.l, C = 2.15 

(b) Inclined 45° left: 
Calibration: 
A= 5.06, B =+0.l, C • 2.20 

(c) Inclined 45° right: 
Calibration: 
A• 3.06, B = +0.l, C * 2.20 

(d) Inclined 45° forward: 
Calibration: 
A• 5.06, B = +0.1, C = 2.20 

(e) Inclined 45° back\vard: 
Calibration: 
A• 5.06, B = +0.l, C = 2.20 

(f) 'With supply of 105.5 volts, 
65 cycles: 
Calibration: 
Am 5.06, B • .+O.l, C = 2.64 

DECLASSSFJED 
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Test Values 

*Used US-volt, 60-cycle con~ 
trolled frequency source during 
tests. Equipnent requires con­
trolled frequency supply to syn­
chronous motor of mileage system; 
none furnished. 

Synchronous motor circuit:3Y-3YY 
19.0 watts, 0.215 ampere, .77 P.F. 
Rema.:irxier of system: 105.6 watts, 
5,90 amperes, .25 P.F. (at 12.s 
lmots indicated speed). 

Yuiots - Satisfactory 
Miles. Satisfactory 
See Table 1 and Plate 1 

Y.nots - Satisfactory 
lli.les - Satisfactory 
See Table 2 and Plate 2 

Knots - Sa tis factcry 
1li.les - Satisfactory 
See Table 5 and Plate 5 

l'.nots - Satisfactory 
1:Iiles - Satisfactory 
See Table 4 and Plate 4 

Knots - Satisfactory. See 
Table 5 and Plate S. 

*Miles - Errors at 16 knots 
and above exceed tolerances. 
See Table 5. 

*Knots - Errors at 24 knots 
slightly exceed tolerance. 
See Table 6 and Plates. 

Miles - Satisfactory 
See Table 6. 



Requirements 

(g) :1ith supply of 126.5 volts 
55 cycles: 
Calibration: 
A• 5.06, B -+0.1, C • 2.64 

(h) After 450 hours of endurance 
test: 
Calibration: 
A= 5.06, B = +0.1, C • 2.64 

(i) After 450 hours of endurance 
test and recalibration: 
A• 5.06, B = +0.4, C • 2.64 

( j) Follcwring shock and vibration: 
Calibration: 
A= 5.06, B = +0.4, C • 2.64 

(k) Following shock and vibration 
and recalibration: 
CaJ.ibration: 
A• 5.06, B = +0.4, C • 2.38 

(1) At 100-foot submergence: 
Calibration: 
A• 3.06, B = +0.4, C • 2.38 

(m) Following hydrostatic test: 
CaJ.ibration: 
A• 3.06, B = +0.4, C • 2.38 

(n) Following hydrostatic test and 
recalibration: 
A• 3.06, B = +0.4, C • 2.90 

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 a. 

Knots - Sat:Lsfactory. See 
Table 9 and Plate 9. 

*Miles - Errors at 24 knots 
exceed tolerance. See Table 9. 

*Knots - Errors at 4 and 24 knots 
exceed tolerances. 
See Table 10 and Plate 10. 

-!llliles - Errors at 4 knots exceed 
tolerance. 
See Table 10. 

Knots - Satisfactory 
Miles - Satisfactory 
See Table 11 and Plete ll. 

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

*Knots - Errors at 4 to 6 }mots 
exceed to1erances. 
!files - Not recorded 
See Table 12b .-id Plate 15 
Note: Bellows dal'!Bged - leaked. 

Knots - Satisfactory up to 
16 lmots (limit of test equip­
ment due to bello1'B leak). 
Miles - Not recorded. 
See Table 12c am Plate 14. 
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Reguireiren ts 

Temperature rise: Not specified but 
the usual requirement for similar 
equipnent is 55°C maxinn.un rise at 
65°C ambient temperature. 

Endurance: The equipne:it shall be 
operated for 500 hours in accordance 
with paragraph F-2g. 

Shock an:i Vibration: The equipnEnt 
shall be reliably operative under the 
tests given in paragraph F-2i and 
shall sustain no damage. 

Pressure test: The entire hydraulic 
system shall be subjected to a hydro­
static test of 250 pounds per square 
inch. There shall be no evidence of 
leakage. Paragraph F-2m. 

illumination: Shall be provided on all 
Class a speed indicatcr s and shall be of 
uniform intensity, free from glare and 
shadows, etc. Dial illumination shall 
be subject to specific approval. 

Control of illumination: Means shall be 
provided for readily varying the intensity 
from zero to full. 

Time required for speed pointers to go 
up scale from zero: Not specified. 

Dielectric and insulation tests: An 
alternating :potential or 1500 volts, 
60 cycles shall be applied between each 
terminal and ground far 1 minute. Fol­
lowing this, the insulation resistance 
at 500 volts shall be not less than 
10 megohms. 

DECLASSir!ED 
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Test Values 

Shaded-pole induction motor 
in Master Transmitter-Indicator: 

-lH}Primary 58°C 
HSecondary 42°C 

Dial lighting transfar~r in 
Speed and Di.stance Irxlicator: 
Primary 11.s 0 c 
Secondary ll.5°C 

Satisfactory operation except 
for necessity of recalibrating 
Master Transmitter-Indicator. 

if.Shock produced minor nechanical 
derangements, see "Coonnents on 
Results of Test." Change of 
11C11 setting required to restore 
accuracy f ollo,rlng shock and 
vibration test. 

-¾-Slight leaks at shut-off 
transfer cocks and at main 
gasket of hydraulic unit. 
Pointer was deflected up scale 
to 6.5 knots and leak developed 
in loner bellot·ra. See "Comments 
on Results of Test." 

One Speed e.nd. Distance Indicator 
observed in a dark room. 
Results satisfactory. 

Rheostat with oombined svn:tch 
and small flexible resistor 
provide range of 2.5 to 6.2 
volts and "off." 

5 minutes, 20 seconds. (Down 
scale approximately the s8.me.) 

Satisf actor~. ( 500 vol ts, 60 
cycle alternating potential 
applied to low voltage circuits., 



Reguiremen ts 

Weights and dimensions: Shall not 
exceed the folloning: 
Master Transmitter - Height 90", w.i.dth 
18", depth 1211 • (No weight specified.) 
Speed and Distance Indicator: Hejght. 
12", width 1211 , depth 811 • 

(No weight specified.) 

lfateria.l in Contact Tiit.h Sea ~rater: 
All met~l tubing, etc., in contact 
With salt water shall be of brass or 
~ronze. Par&graph D-5. 

Salt spray test: Not required, but 
applied to the bellor.s unit for 100 hours 
to demonstrate the effect of salt Tiater 
on the dissjmiJar metals. The test cycle 
was a 5-minute period of salt spray (20% 
salt) folloYfed by a 3-minute drying period 
during ,mich heated air was blown on the 
sample. The temperature in either case 
was 55°C. 

Test Values 

Baster Transnitter-Indicator 
He""'ht 3411 width 1711 

-1.6 , ' 
depth 11-5/811 • 

•.:!eight 144-3/4 lbs. 
Speed am Distance Indicator: 
Height 12-1/8", width 10-1/211 , 

depth 8-1/211 • Weight 57 lbs. 
and 15 ounces. 

,,Bellows parts appear to be 
brass and are sealed after 
assembly by sweating with a 
tin-lead alloy. 

~Tin-lead alloy attacked due 
to galvanic corrosion. See 
11Corranents on Results of Tests • 11 

*Denotes non-compliance with the specification. 
ffDenotes characteristic considered unsatisfactory. 

COMMENTS ON RESULTS OF TF.sTS 

28. The following camnents pertain to the test results: 

(a) As shown by Table 1 and Plate 1, the initial accuracy of 
indic~ted knots and counted miles complied Yd.th the specification. 

(b) Inclining the equipment 45 degrees forward, backward, right 
or left introduced no error in indicated knots great enough to exceed the 
tolerances of the specification. Backward inclination, however, caused tl-e 
errors in counted miles to e.""<ceed "the tolerances at several speeds, although 
the indicated knots .-rere satisfactory. See Tables 2, 5, 4, and 5, and 
Plates 2, 5, 4 ands. 

( c) Tests ,1ith a supply of 105.5 vol ts, 65 cycles, produced no 
significant loss of accuracy within the range covered by the specification. 
The errors in indicated lmots at 24 knots slightly exceeded the tolerances 
as shown 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 knots. The errors at 24 knots ,vere 
positive and exceeded the tolerances. The errors in counted mileeJ were 

·- 10 -



negative and exceeded the tolerances at speeds of 24 knots and above. It 
was noted that, at sreeds above 22 knots, the slider af the control rheostat 
in the ?.taster Transmitter-Indicator had reached the end of its travel and 
that the safety clutch device was operating continuously. Test results are 
given by Table 7 and Plate 7. 

(e) The equipnent operated without failure throughout the en­
durance test. HOViever, it vras necessary to recalibrate the Master Transmit.:.. 
ter-Indicator (by changing the 11B11 adjustment only) following an acc,iracy 
test conducted after 450 hours of the endurance test. The accuracy bef cre 
recalibration is given by Table 8 and Plate 8 arrl the accuracy following 
recalibration is given by Table 9 am Plate 9. 

(f) The Master Transmitter-Indicatcr successfully withstood the 
shocl<: and vibration tests except for minor derar.gements. Under the shock 
test, the counter weights on anns in9 and #25 of drawing, reference (n), 
loosened am it was necessary to tighten their securing bolts several times. 
Also motor #54 stalled frequently following the first half of the shock test, 
apparently due to some shift of the motor mounting, causing the gears be­
tween the motor ani Synchro ~t55 to bmd :i.ntennittently. This trouble was 
not observed .fol101dng .the vibration test. "ilith:i.n tile range covered by the 
specification, the errors in indicated knots, following shock and vibration, 
slightly exceeded the tolerances at 4 and 24 knots. At 4 knots, the error 
in counted miles also e:,ceeded the tolerance. Test results are given by 
Table 10 and Plate 10. Table 11 run Plate 11 give the results of an ac­
curacy test follovd.ng recalibration to minimize errors and prepare tba 
equipment for further tests. 

(g) The test with tre hydraulic unit operating under a static 
head simulating 100-foot sutmergence showed very little change in accuracy. 
Complete results are given by Table 12-a and Plate 12. 

(h) The hydrcs ta tic test of 250 pounds per square inch resulted 
in the failure of a sweated joint in the lower (small) bellows asseni:>ly 
causing considerable leakage. The accuracy was also affected as is sho:n 
by Table 12-b and Plate 13. Slight leaks also occurred at the main gasket 
of the hydraulic assenbly and at the cut-off transfer cocks. . 

(i) Follomng recalibration, the accuracy was satisfactortJ be­
tween the range of 4 ani 16 knots, although the bellows was leaking con­
stantiy. The volume of water leaking fran the bellows ma.de tests at higher 
speeds impracticable. Table 12-c an:l Plate 14 give these results. 

(j) At an ambient temperature of 65°C the temperamre rises of 
the windi.ngs of the shaded-pole indllction motor of tre Master Transnitter­
Indicator nere 58°C and 42°C resi:ectively. These values a.re above the 35°C 
maximum usue.lly alloTied. 

(k) The results of the salt spray test danonstrate that, as at 
present constructed, the bellows unit will eventually fail due to galvanic 
corrosion. The combination of bra.as, copper, DE composition, or phosphor­
bronze and a tin-lead alloy in sea water .-d.ll result in corroo ion of the 
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tin-lead alloy. An exa.CTination follovd.ng this test verified the theory 
tha. t the action is e.ccelerated in the vicinity of large areas ar protected 
(cathodic) metalS. It was also noted that the action was even more pro­
nounced at areas 11hich did not dry during the drying period of the salt 
spray cycle. The use of a tin-lead alloy in t.riis assenbly is a technical 
violation of paragraph D-5 of speci.ficati.on, reference (c). 

(1) The fact that the "C" (zero) adjustnent had to be changed 
several times during the early pirt <:£ the test is believed to indicate a 
progressive aging effect. However, between the test covered by Table 7 
and the test covered by Table 9, the equipnent operated for 400 hours 
-without reci.uirin.g a further change in 11C11 adjustment. It vras necessary to 
change the 11B11 (slide) adjustment at the end of this period. 

(m) There is also some evidence of a rela::~tion effect in the 
bellows. After the equipnent has been at rest for sane hours, the pointer 
assumes a 11 zero 11 position which does not coincide with the posi ti.on mich 
it a.ssu."'!l.es for 11 zero 11 after having been deflected to indicate the higher 
speeds. For eY..a.mple, the pofoter indicated 0.4 knot after the equipnent 
had been at rest for 16 hours and O knots inunediately after the pointer had 
returned from 25 knots. 

(n) It should be stated that, in chc112,ing the "C" adjustment, a 
setting v1as chosen mich would minimize the errors in tre vicinity of 5 lmots 
and demonstrate the ma.x:i.nrum. accuracy of which ti.~e equiµnent was capable. 
Setting the 110 11 adjustment to indicate O at zero speed is somenhat less sat­
isfactory and would result in larger errors at the low scale values. ~Jith­
out means to apply a pressure differential 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 mater in the mileage mechanism of the Master 
Transmitter-Indicator does not have a definite position for each ship's 
speed as might be ~q:>ected when the operation of this mechanisn is first 
considered. For er.ample, it vias 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. -:-/hen the ship's speed was raised, t.}ie 
motor began to run and the counters in the Speed arrl Distance indicatcrs 
indicated mileage Tii th usual accuracy at speeds between 1 am 11 lmots 
without a change in rheostat position. This is taken as conclusive evidence 
that this motor does not furnish all of the :rxnrer necessary to drive the 
type 11B11 synchro, some torque from the roller and disc being transmitted 
through the differential. At higher speeds, the position of the rheostat 
slider 1ras definitely different for speed changes of 1 lmot. 

COl.IMENTS ON INSFECTIO?T OF EQUIP1IEl-fr AND COiiPARIOON :JITH DRA",,TIJGS SUI3llITTED 

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

- 12 -



Master Transmitter-Indicator 

(a) The conmen ts covered by paragraJt,e 25a to 25m of report, 
reference (e), have been corrected except for (b) am (c) vhich could not 
be changed on the present instrument case. 

(b) The white paint used in the dial graduations was crackled 
when the instrument was examined at the end of the test. 

(c) The Barber-Coleman shaded-pole induction motor has sleeve 
bearings. As this motor runs at all times that the log is in operation 
(except at zero speed), the use of ball bearings for its rotor vrould be 
desirable. 

(d) It was noted that fdllr of the rubber bushings provided for 
the mounting lugs took a permanent set during the test. These were the 
upper front and the lower rear rushings, the ones subjected to the greatest 
pressure. 

Speed and Distance Indicator 
; . . 

(a) The camnents on this instrwoont as listed under paragraph 25 
of reference ( e), have been corrected e;::.cept tint the dial graduations were 
plated ·with cadmium instead of being filled with v.hite piint. This pl.a.ting 
tarnished badJ.y on the instrument subjected to an ambient tanperature of 
65°C. 

(b) The voltage to the dial lamps has been limited to approxi-
mately the recommerned vallle of 6.0 volts by placing a "flexible resistor" 
of about 5.5 ohms in series with ti,e dimming rheostat. The usual vitreous 
covered type muld be preferable. 

Com:garison with Drawing§ 

50. The following discrepancies .rere noted during a cursory 
check with the draw.ings submitted: 

(a) Drawing CMS....S65-924 Alt. z, (CAL-8000) Master Transmitter-
Indicator, This dra'Wing apparently covers a proposed modification. Such 
features as the lengthened hydraulic unit studs, large clearance hole for 
bellows linkage, bevel ge~ type differential, method of mollllting shaded­
pole induction motor, strengthened mounting lugs, and doweling of case 
cover were not provided on the instrument submitted. 

(b) Drawing Cl!S-S65-922 Alt. 2 (CAL-8200) Speed and Distance 
Indicator. This draWi.ng is apparen'tly in agreement vrith the sample submitted 
except that it does not show the "flexible resistor" now used in series with 
the dimming rheostat. 

(c) Drawing C1i5-S65-925 Alt. 2 (CAL-8220) Haster Transmitter-
Indicator - 5 sheets. Sheets 1 to 4 of this set are apparently based on 
drawing S65-924 Alt, 2 and have the same discrepancies. Sheet 5 covers the 

- 15 ... 



the Pressure-Static Bellows Assembly of the equipment submitted, except 
that it shows piece 6 as a B.E. casting. In the subject equipment thi.S 
part is of formed.brass. 

(d) Dre.wing CMS-565-926 Alt. 5 (CAL-8270) Speed and Distance 
Indicator - Interior Unit. This dravdng appears to check ,{ith the sample 
submitted. 

(e) · Drawing CM5-S65-955 Alt. 1 (CAL-8272) Schematic Diagram. 
This dravi'i.ng appears to check with the sample submitted except that the 
resistor in series ,11th the dimming rheostat in the Speed and Distance 
Indicator is not shmm. The windings of the shaded-pole induction motor 
could be more clearly shom. 

(f) Drawing CMS-S65-925 Alt. 2 (CAL-8100) Rodmeter and Seave.lve 
Assembly. This drawing covers material that was not submitted to this Lab­
oratory for test. 

- 14 .. 



OECLASSir~ED 

CONCLUSIONS 

51. The Bendix Log fails to sat:i.s fy the specification require-
ments in many ~ particulars, namely: 

(a) Errors in speed. 
(b) Err<rs in mileage. 
(c) Change in calibration after "enduran:: e. 11 

(d) Minor derangements under shock. 
( e) Rupture of bellows under hydrcs tatic pressure. 
(f) Carrcs ion of bellows. 
(g) Excessive temperature rise of motor w.indings. 
(h) Change in 11 zero" position at rest. 
(i) Maximum ra.te of acceleration is 8 knots per minute, 

,mien is too slow for destroyer anti-submarine tactics. 

On the o1her hand, the general perfcrmance of tlB Bendix Log on 
test was satisfactory. Errors were small, aIXi no def:ic ienc ies were of suf -
ficient magnitude to interrupt or seriously affect operation. 

52. This Log is a marked improvenent over the equipnent. :ire-
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 developnents ani refinements, the outstam.ing deficiencies can 
be overcome without c~"ing the basic design. 

- 15 -
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TABLE 12 

Accuracy Test of Underwater Log 

(A) (B) (C) 
Under 100 foot Following hydro- Following hydro-
submergence. static test (250 static test and 

A• 5.06 lb/sq.in.). recalibration. 
B = +0.4 A = 3.06 A• 5.06 
C = 2.58 Ba +0.4 B • +0.4 

Allowable Ca 2.38 Ca 2.90 
Error in 

Manometer .Si)eed end Master Transmitter Master Transmitter Master Transmitter 
Simulated Distance Indicated Per Cent Indicated Per Cent Ind.:i.cated Per Cent 

Knots in Per Cent Knots Error Knots Error r.nots Error 

0 -0.20 0 0.10 
ll o.ss -45.00 0 0.65 -57.00 
1D 0.10 -50.00 0 o.79 -21.00 
2A 1.80 -10.00 0 1.80 -10.00 
2D 1.80 -10.00 0.15 -92.50 1.90 - s.oo 
5A 2.96 - l.53 2.12 -:?.9.55 2.95 - 1.66 
5D 2.95 - 1.66 2.17 -27.66 5.00 0 
4A 6 4.01 + 0.25 5.50 -12.50 4.05 + 1.25 
4D 6 4.05 + 1.25 5.55 -11.25 4.07 + 1.75 
SA 5.05 + 0.60 4.67 - 6.60 5.08 + 1.60 
SD 5.07 + 1.40 4.68 - 6.40 5.10 + 2.00 
6A 4 6.05 + 0.85 5.75 - 4.16 6.07 + 1.16 
6D 4 6.08 + 1.53 5.75 - 4.16 6.09 + 1.so 
8A 8.02 + 0.25 7.79 - 2.62 8.02 + 0.2s 
SD s.02 + 0.25 7.80 - 2.50 0.05 + 0.,62 
9A 3 9.ll + 1.22 8.90 - 1.11 9.05 + o.ss 
9D 5 9.ll + 1.22 8.90 - 1.ll 9.12 + 1.55 

16A 2 16.00 0 15.89 - 0.69 16.00 0 

16D 2 16.05 + 0.31 16.00 0 16.04 + 0 . 25 

20A 1 19.99 - o.os 
20D 1 20.01 + o.os 
24A 1 24.12 + o.so 
24D 1 24.21 + 0.87 
25A 1 24.89 - 0.44 
25D 1 24.89 - o.44 

A - Accelerating D - Decelerating 
Supply - 115 vol ts, 60 cycles, controlled frequency. 
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1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
n. 
12. 
1.3. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 

TABLE lJ 
Calibration data for manometers used during tests: 

1/2 Mercury U-Tube Deflection for C = • 957 
for Fresh Water (Rodmeter and U-Tube) 

Inches 

.02313 
• 09253 
.20820 
.37014 
.'57834 
• 83281 

1.1.3355 
1.48056 
l.8?383 
2.31337 
2.79918 
3.33125 
J.9096o 
4.5.3421 
5.20508 
5.92223 
6.68564 
7.49532 
8 • .35127 
9.25348 

21 • 
22. 
23. 
24. 
25. 
26 • 
27. 
28. 
29. 
JO. 
.'.31. 
32. 
33. 
34. 
35. 
36. 
37. 
.38. 
.39. 
40. 

Deflection in Water 

.580820 
2.323280 
5.227380 

4. 
5. 
a. 

Inches 

10.20196 
11.19671 
12.23773 
13.32501 
14.45856 
15.63838 
16.86447 
18.13682 
19.45544 
20.820.3.3 
22.23149 
23.68891 
25.19260 
26.74256 
28.33878 
29.98128 
31.67004 
.33.40506 
35.18636 
37.01.392 

9.293120 
14.520500 
.37.172480 
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