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AUTHORIZATION FOR TEST

1. This problem was authorized by reference (a). Other
references pertinent to this problem are listed as references (b)
to (h) inclusive.

Reference: (a) BuShips 1ltr. JJ17-I-19(335a) of 20 April

1944 to NRL.

(b) Specification 17-I-19b of 1 April 1943.

(c) Specification 17E11(INT) of 15 May 1943.

(d) Manufacturer's Drwg. 6000-7724-A1t. 1;
BuShips Plan No. S6505-551861.

(e) Manufacturer's Drwg. 6001-7724-Alt. 1;
BuShips Plan No. S6505-551862.

(f) Manufacturer's Drwg. 6002-7724-Alt. 1;
BuShips Plan No. S6505-551863.

(g) Manufacturer's Drwg. 6003-7724-Alt. O.

(h) Manufacturer's Drwg. 6004-7724-Alt. O.

OBJECT OF TEST

R, The object of this test was to determine conformance
of the sample salinity indicating equipment with specification,
reference (b), and a modified splashproof requirement as set forth
%n)paragraph F-1b(2), subparagraph (b), of specification, reference
c L]

ABSTRACT OF TEST

3. The sample salinity indicating equipment was set up at
this Laboratory in suitable test circuits where its performance was
carefully observed for compliance with the pertinent specifications.
An inspection to determine conformance in the matter of materials,
design, and workmanship, concluded the test on the indicator panel
assembly.

4. Tests on the cell and valve assembly submitted with
this equipment have not yet been conducted. The results of tests
on this assembly will be forwarded as a supplementary report at
the earliest possible date.



CONCLUSINNS

(a) The subject salinity indicator complied with specification,
reference (b), but did not canform with the splashproof requirement
described in paragraph F-1b(2), subparagraph (b), of specification,
reference (¢), as noted in Results of Test. Examination and an
approximate dimensional check of the meter enclosure and the cover
plate brought out the fact that the cover plate was bottoming on the
enclosure mounting flange before its gasket had been compressed
sufficiently to effect a splashproof seal. A change in gasket material,
from the processed cord now used to something more suitable, such as
rubber, along with an increase in the thickness of the gasket and the
addition of a soft brass washer under the head of each of the four
screws securing the cover plate, are considered desirable modifications.

(b) The hinging of the front panel at the right of the
indicator case instead of at the bottom is also considered a desir-
able modification.

(c) The use of a wire wound potentiometer as a means of
temperature compensation is a new feature of electrical design insofar
as comparison with salinity equipment now in the Service is concerned.
It is not considered that its service life would equal that of the
tapped switch type now used in approved equipment, nor would it be
suitable for repair in service.
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RECOMMENDATIONS

(a) That the subject salinity indicator be approved for
Naval use subject to the Bureau's decision on the desirability of
the use of a wire wound potentiometer and to the following modi-
fications:

(1) The material of the gasket in the cover plate of
the meter enclosure is to be changed from the
processed cord now used to something more suit-
able such as rubber.

(2) The thickness of the gasket in the cover plate
of the meter enclosure is to be approximately
doubled to insure that it is sufficiently com-
pressed when the cover plate is tightened down.

(3) A soft brass washer is to be provided for each
of the four screws securing the cover plate of
the meter enclosure, to eliminate the possibility
of leakage at these points.

(4) The front panel of the indicator case is to be

hinged to the right side of the case instead of
at the bottom.

= =



DESCRIPTION OF MATERIAL

S. The equipment submitted for test consists of one
indicator unit, one conductivity cell and valve assembly, two
spanner wrenches for the cell assembly, and one test resistor.
It is designed to operate from a supply of 115 volts, 60 cycles,
and its purpose is to indicate the saline content in the boiler
feed, condenser, and cther water lines.

6. The indicator unit consists of the fdllowing ma jor
parts:

(a) A transformer, ratio 115/115 - 15.
(b) A power factor type meter with a dial graduated in

grains of sea salt per gallon, from O to 10 grains,
with zones of the scale colored as follows:

Scale Reading Indication
0 to 0.5 gr/gal White
0.5 to 1.0 gr/gal Green
1.0 to 10 gr/gal Red

(¢) - A Navy type JR rotary transfer switch for connecting
any one of seven salinity cells to the indicator
circuit.

(d) 4 wire-wound 5,000 ohm potentiometer with a dial
graduated from S55°F. to 240°F. in steps of 5°, by
vwhich the resistance in the measuring circuit may
be varied to compensate for changes in the resist-
ance of condensate due to temperature.

(e) & fixed resistance unit for checking the indicating
meter accuracy at 1.0 gr/gal with the temperature
compensator set at 110°F.

(f) & single pole double throw push button switch for
checking the meter accuracy, the fixed resistance
unit being substituted for a cell when the button
is depressed.

(g) A pilot light, with a blue glass jewel lens, to
indicate that the secondary circuits of the trans-
former are energized.

(h) 4 pair of G.E. type EL-1 fuse holders provided
with neon blown fuse indicators and 3 amp, 250 vol?l
cartridge type non-renewable fuses.

(i) A terminal block in two parts with connections
for seven salinity cells and the power supply.
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DESCRIPTION OF MATERIAL (Contd.)

T A1l the above parts except the terminal block, which
is mounted on the back wall of the case, are mounted on the front
panel. This front panel is hinged at the bdttom and is secured
in the closed position by two cadmium plated steel “Shakeproof®
panel fasteners, one in each upper corner. Both the panel and
the case are of steel and are finished with gray paint.

8. Four Lord type rubber mountings, assembled into the
four rear corner, are provided for mounting the indicator on a
bulkhead. Further details of design and construction are shown
in photographs, plates 1 and 2, and drawings, references (d),

(e), (£), (g), and (h).

9. The portable test resistor is contained in a 2-1/2%
diameter cylinder, 1 in¢h high. Female receptacles, for
accomodating the cell electrodes are provided in one end. On
the other end is a nameplate furnishing the correct information
regarding temperature compensation sgtting for obtaining a check
on the indicator and cell circuit at 1.0 gr/gal and 110°F.

OPERATION OF THE SYSTEM

10. The principal circuit elements of the salinity
indicating equipment are the conductivity cell, a fixed resistance
unit, the temperature compensating potentiometer (used as a
rheostat), the indicating meter, and the 115 volt and 15 volt
power supplies from the secondary windings of the transformer.

11. The elements of the indicating meter are two fixed
resistance units, three movable coils, and two stationary coils.
An essentially uniform field is set up between the two stationary
coils which are connected in series and continuously energized
from the 15 volt secondary of the transformer. 1In this field,
supported on a common shaft which is firee to rotate, are the three
movable coils, two of which are wound at right angles to the
third. Of these two, one is connected in series with temperature
compensating potentiometer and the external fixed resistance unit,
and the conductivity cell is shunted across this part of the
circuit. This series-parallel combination, the other two
movable coils, and the two internal resistance units are connected
in series with respect to the 115 volt secondary of the transformer.

12. When the system is energized, the deflection of the
pointer is determined by the reaction between the resultant field
of the movable coils and the field of the stationary ceils. Thus
the deflection depends upon the relative magnitudes of the currents
in the movable coils; ise., it is a function of the resistance
of the solution in which the cell is immersed and also of the
resistance value selected on the temperature compensating potentio-
meter.



 OPERATION OF THE SYSTEM (Contd.)

13. For a given temperature, the resistance across the cell
varies inversely as the salinity of the solution, producing a
corresponding variation in the relative magnitudes of the currents
in the movable coils. For a given salinity the resistance across
the cell varies inversely with the temperature, and the compensating
potentiometer can be adjusted to establish the proper relation of
cyrrent values in the movable coils for a correct meter reading.

METHOD OF IEST
14, The following tests were conducted in the order given:

(a) Preliminary Aecuracy - not specified.
(b) Endurance (50 hr.)

(¢) Shock

(d) Vibration

(e) Lecuracy

(£) Endurance (450 hr.)

(g) Inclination

(h)5 Final Accuracy - not specified.

(i) Dielectric and Insulation

() Splashproef - (indicator meter only)
(k) Material, Design, and Workmenship Inspection

Nete: 1,2, and 3 - Accuracy of indication was
checked at salinities of 0.1 gr/gal, 0.3
gr/gal, 0.5 gr/gal, 1.0 gr/gal, 2.0 gr/
gal, and 5.0 gr/gal for each 10°* from
50°F. to 200°F. on the temperature com-
pensator at 115 volts, €0 cycles. The
resistance values chosen were of simulated
solutions at %2.5° of the campensator
settings (the dial being calibrated at 5°
intervals), so that the instrument was
alternately ?2.5° over compensated, correct-
ly compensated, and 2.5° under compensated.
This procedure was repeated at 108 volts,
55 cycles, and 122 volts, 65 cycles.

RESULTS OF TEST

15. The test results were as follows:
Requirements Test Values
hecuracy: Para. F-2k and E-6 Complied. Variations £ 0.5% are
of spec., ref. (b). considered within the limits of

experimental error).

Endurance: Para. F-2f of spec,, Complied.
ref. (b).



RESULTS OF TEST (Contd.)

Requirements (Contd.) Test Values (Contd.)
Shock Integrity: Para. F-?h Complied.,

of spec., ref. (b).

Vibration Integrity: Para, F-Ri Complied.
of spec.,, ref. (b).

Inclination Integrity: Para. F-2g Complied.
of spec., ref. (b).

Indicator Pointer:; Para. E-4c(1l) Complied.
of spec., ref. (b).

Dielectric Strength: Para. F-2n Complied.
- "of spec., ref. (b). :

Insulation Resistance: Para. F-2n Complied.
of spec., ref. (b). -

Splashproof Integrity: Para. F-lb Meter enclosure leaked approxi-
(2), subpara, (b) of spec., ref. mately 2cc.
(e).

Scale Length: Para. E-4c(9) Complied.,
of spec., ref. (b).

Selector Switch: Para., E-4c(13) Complied.
of spec., ref. (b},

Temperature Compensator: Para. Complied.
E~4c(14) of spec., ref, (b).

Pilot Light: Para. E-4c(15) Complied.
of speec., ref. (b).

Checking Resistor: Para. E-4¢(17) Complied.
of spec., ref. (b).

Nameplate: Para. E-4c(19)a Complied.
of spec., ref. (b),

Cell Director Plate: 'Complied.
Para. E-4¢(19)b of spec,, ref.(b). |

Weight and Dimensions: Para. Coﬁplied.
E-4c(26) of spec., ref. (b). Height - 20-1/4%

Width - 13-1/8%
Depth - 7-3/4"
Weight - 36 lbs.

nsﬂ



CONCLUSIONS

. (a) The subject salinity indicator complied with specifi-
cation, reference (b), but did not conform with the splashproof re-
quirement described in paragraph F-1b(2), subparagraph (b), of
specification, reference (c¢), as noted in Results of Test. Exami-
nation and an approximate dimensional cneck of the meter enclosure
and the cover plate brought out the fact that the cover plate was
bottoming on the enclesure mounting flange before its gasket had
been sufficiently compressed to effect a splashproof seal. £
change in the gasket material, from the processed cord now used to
something more suitable, such as rubber, along with an increase in
the thickness of the gasket and the addition of a soft brass washer
under the head of each of the four screws securing the cover plate,
are considered desirable modifications.

(b) The hinging of the front panel at the right of the
indicator case instead of at the bottom is also considered a desirable
- modification.

(e) The use of a wire wound potentiometer as a means of
temperature compensation is a new feature of electrical design
insofar as comparison with salinity equipment now in the service is
concerned., It is not considered that its service life would equal
that of the tapped switch now used in approved equipment, nor would
it Be suitable for repair in service.
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TABLE 6
Errors in percent of full scale linear distance

(122 volts, 65 cycles)

Gal

ACCURACY TEST AFTER SHOCK AND VIBRATION
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Temp. (°F.)
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TABLE 7
FINAL ACCURACY TEST

(115 volts, 60 cycles)

Gal

Errors in percent of full scale linear distance
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TABLE 8
5 6r/ 1.
Gal Gal Gal

FINAL ACCURACY TEST

(108 volts, 55 cycles)
Errors in percent of full scale linear distance
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TABLE 9
Gal

FINAL ACCURACY TEST
Gal

(122 volts, 65 cycles)
Errors in percent of full scale linear distance
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TABLE 10
TABLE OF RESISTANCE OF SOLUTICN IN OHMS

Taken from Resistance - Temperature Curves, Figure 1
of Reference (b).

Solution o.16r/ 0.36r/ 0.56r/ 11.06r/ 2.006Gr/ 5.00r/

Temp. (°F.) Gal Gal Gal Gal Gal Gal
57.5 21800 . 9300 6050 3230 1620 680
60 21000 9000 5850 3120 1560 653
62.5 20300 8700 5700 3030 1510 635
67.5 19010 8250 5350 2850 1430 600
70 18500 8000 5200 2780 1390 578
72.5 18000 7800 5050 2680 1340 560
775 17000 7350 4750 2510 1260 530
80 16500 7150 4620 2480 1230 515
82.5 16000 6300 4500 2400 1200 500
87.5 15200 6600 4250 2280 1180 475
90 14800 6400 4150 2200 1110 460
92.5 14400 6200 4020 2130 1080 450
97.5 13600 5900 3830 2050 1030 430
100 13400 5780 3720 2000 1000 418
102.5 13000 5600 3630 1850 980 408
107.5 12400 5380 3400 1850 935 390
110 12200 5250 3380 1800 910 380
112.5 11800 5100 3300 1750 895 372
117.5 11300 4900 . 3150 1680 855 355
120 11100 4800 3080 1650 840 350
122.5 10800 4700 3020 1620 820 340
127.5 10400 4500 2900 1540 785 328
130 10300 4400 2830 1500 770 320
13245 10000 4300 2780 1470 755 315
137.5 9700 4100 2680 1410 730 302
140 9500 4000 2610 1390 715 298
142.5 9350 3950 2570 1360 700 290
147.5 8850 3780 2480 1310 675 282
150 8780 3720 2420 1280 665 278
1525 8700 3650 2380 1260 650 272
1575 8300 3520 2300 1220 630 263
160 8150 3450 2250 1190 620 260
162.5 8000 3400 2200 1170 610 253
167.5 7700 3280 2120 1140 590 247
170 7600 3200 2100 1120 580 242
172 7450 3150 2050 1090 570 238
177.5 7200 3050 1990 1060 555 232
180 7100 3000 1960 1050 550 228
182.5 7000 2970 1930 1030 540 224
187.5 6800 2880 1870 1000 522 218
190 6700 2820 1840 980 518 214
192.5 6600 2780 1820 985 510 211
197.5 6400 2700 1760 940 495 205
200 6800 2650 1760 BRb 488 R02

202.5 6200 RE00 ino 910 480 1088



w»

1
2
3
4
5
8
7

CHECK |& TEST

SET cowP LTO BC° F

44

1

PLATE



PLATE 2



Scace Loiveqr DisTaANCE

TRLVSNTI IO
! YIONT, S 2

ERRORS v Fer Cewnr oOF FULL

_';_...g,_...‘_ S: ‘g %




g o

| FONBLSIG YUINry FINIS TINA A0 ANTD ¥7d M SYO¥¥F
oZF O O OF O oyt O Op~ 02~ 02+ O7f o/~ o2z-
3 2 y I ™ i @ S s : m £

o

PLATE

ST

ik

¥ 3
(76 ZH0L b 7o 7 L.

8
//0/;.(/77%- QRLY 770/ SO

E.D.C.

BELLEYLD

U. S. NAVAL RESEARCH LABORATORY




£ RCH LABORATORY
« BELLEVUE, D, C,

frH
+ I 44 I N L

AOT YO . 5Z

ERRORS x Per Conyr OF Futl Scaie LiveakR DLISTANCE

©

NOILN7OC OPLFPINNIS 0 () FINLE ¥ TSN T/

FLATE 5




FONVLS)g SVINIT TNy SO LNFD ¥io

oz-

oz QJNM_.. ) o/~

2

L 4

HNDD HIOMT o ST

NI SY0¥YT

0-

o2~

iy
M

gz+ 07

=

domr.

RESEARCH LABORATORYT

BELLEVUE, D.C.

-

o o=

FYILEY IS T [

(=)

NO/LN70¢ OILETIHN(E JO

FLATE 6




7 HLABORATORY
BELLEVLUE, D, C.

RPN TAOD STONTT 5§ 2

—Z.0

O ol n kA

-2.0 D
Errops /v Per CeNr OF Fult SCALE L/INEAR CISTANCE

A/G'/f..{/:’?GKi CILYy 7R&(C =0 /,5 / T 7LV S TTHNT )

Flagre 7




o _.m.._.u\s\khxq XEIN T F7EDC TINS TO ANMTD) Ny N SYoyyz
Oy Quf g, Ok Z7 07+ 0 0Oy 02~ 02+ O~ 0O OF 07~
. m.. . I 17 WA 1 3 ; ! e _

A.,w‘.

A7 &

&
P2 4
5z

ez
0=

/:4 / FINLY Y TSN T/

__.
¥ -

EER
WD YING

4
FLY SN
2

Q
©
/f’?fg‘ CFLy TN SO

L. C.

E.

No/ L

BELLEVU




FONHLS/g Ypamiy FTIHIS 7774 40 <43 ¥Z/ N/ SY0yy 7
A O/ O 0f OZ- gt Wrr: e @i Can

Fhr i 1}.. SRR

[

.”.“m_".”_.

£z
S
NOLLN 700 QILE W[ 0 (o) FIILVY TN T/

™

I PENAIAOD ¥TOM7,58

Q
>~

TN ORIV YT,
£
2 9
N
~ S

o
X
~

N

&

m
5

O
o
N

. 5. NAVAL RESEARCH LABORATORY
BELLEVUE, D. C




LABORATORY
BELLEVUE, D.C.

!JLF

=
bt

aashal

VO YTOMTSZ.

LRRORS N Per Cewr oF FULL Seqze 2 NE4R LISTANCE

i .L_.:..,_.qs.. 3 f il Sl
S 8§ 8 8§

NOLLAFO -~ O2L Vol 7 ’(n oD /4" / FXILbY IS T [

PLATE /O




< e R R L e D M~ S et s - SYOYY 7
024 O/F o O~ 07- QN\ @rr s 2 .Q\..__QNI_

SIS0 40 s 0 A At ) D TR S BT B B R R N R
bf e L ‘ML.. il i i A R e ) bt j
HE R T G A ] T 3 5T
N - T L B 1§ s e e M e e e i i et

S RTE A

sz
&

.52
ST

\ TZEHIIINCO FIINT, ST

N CITHIS D HIOM, 5T
g7 RJW.-.MWJ Y240,

FILISMISIOD YAD

CILHSHIAAOD ITAO

N
3
»
>
N
g
M
ﬂ:W
3
4
N
AN
N
N
>
&
N
3
Q
N

~ESEARCH LABORATORY




by ISHT/
D are /2

e

a=

g
M

0y
) N

3

H LABORATORY

E.Bc.

A/o/_z:,o?czg- o_-;z_zr—,wf-fxf )

BELLEVU




CUEARIP eI, DS (AN E G O LAl

£

e
s

By

e 425
il : ety
S i S e A G ot

iR e B T

PER CENT OF FULL LINEAR DISTANCE




