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AUTHORIZATION 

l. The work :reported on herein was aut;1orized by Bureau of 
Engineering le t ter, reference (a). Other pertinent correspondence is 
listed as references (b) to (d). 

Reference: (a) 3uEng.ltr. S67/22 (l-7-W8) of 11~ January 193a. 
(b) Specifications for Elect:!."ical Indicating Instru

ments, 17-I-12a. 
(c) Weston Electrical Instrument Corp. ltr. of 21 Decem

ber 1937 to BuEng. 
(d) NRL Report No. R-1120, 11Report of Tests of Weston 

Replacement Voltmeter for Models RAA and RAB 
Receivers. 11 

OBJ:c;CT OF _TES't 

2. The objects of the test were to determine whether the 
3 voluneter multiplier resistors submitted by tne Weston Electrical 
Instrlllilent Corporation comply with specifications, reference (b), and 
are suitable for Naval use. 

ABSTRhCT OF TEST 

3. The multipli er resistors were tested to determine the 
following: 

(a) Temperature coefficient of resistance. 

(b) Tempera ture rise at :naxi;num rated voltage. 

( c) Temperat ure rise at 50% voltage overload. 

(d) Protection rrf~ordod again~t humidity effects. 

(e} Cupubili t.7 of insulation to r;i thstcmd voltage overload. 
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CONCLUSIONS 

(a) The:;e voltmeter multiplier resistors comply with the 
applicable requireme:1ts of specifications, reference (b), Bxcept for 
minor constructional details. 

(b) These units are well protected against the effects of 
excessive humidity. 

( c) T:iese uni ts of both the tubular and the box type of 
mounting are considered suitable for Naval use as volt:neter multipliers 
at the vol tages at v1hich they ar e rated by tne manufacturer. 
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RECOMillEN DA TIONS 

(a) I t is recommended that the 3.5 kilovolt tubular resistor, 
11 applied to Navr-i.l use, be pro·lided with ferrules having a diameter of 
13/1611 instead of 9/16 11 , since the lurger mounting clip will give 
increased spring tens ion for withstanding e:x.ces:;;i ve vibration. 

(b) Si nce these mul ti_pliers arc t otally enclosed in waterproof 
cases for hurniJ i ty protection and since no overheating occurs, it is 
recommended t ha t the construction of these multipliers be considered 
to conform to t he essent ial requirements of reference (b), Paragraph 
5(a}(5}(a) even though no perforated guard is employed. 

(c) It is recommended that the phenolic i nsulution employed 
in the tubes of the tubular resistors be consi d<:ired satisfactory. 
(See paragraph 5(a)(5)(b), reference (b)). 

(d) I t is recommended that these wlre ,101md, wax impregnated, 
totally enclosed voltmeter multipliers of both t he tubular and the ·box 
type be considered suitable for Naval use. 

(e) I t is recommended that the Weston Electrical Instrument 
Corporation be requested to consider the feasibility of app~ying similar 
humidity protection to the self-contained multiplleru for meters, such 
as Type 22124 (250 volt, 2-1/2" diameter), evf.ln if it should be 
necessary to increase tile space required to house the multiplier 
resistor. 
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MATERIAL l!_lmER TEST 

4. The material under test consisted of 3 wire wound resistors 
submitted by the Weston Electrical Instrument Corporation for use as 
voltmeter multipliers in conjunction with indicating instruments drawing 
a current of l ~illiampere at full scale deflection, thus constituting 
a voltmeter of 1,000 ohms per volt at full scale on the meter. Two. of 
the samples ar e of the tubular type; that is, the r0sistance elements 
are m,:mnted i n a bakeli te tube which is filled with Super la wax for 
protection against humidity effects, while in the third sample the 
resistor uni ts are mo1mted in an iron box v,b.ich is also filled 1vi th 
the wax. Plates 1 and 2 show the type of construction and approximate 
size of these lIDits. The several samples shall be identified in thls 
r eport by the following numbers: 

Unit No. 1 is a 750 volt tubular type multiplier (750 kilohms). 
See Plate 1. 

Unit No. 2 i s a 3.5 kilovolt t ubular type multiplier (3.5 
megohms). See Plate 1. 

Unit No. 3 is a 3.5 kilovolt box type multiplier (3.5 megohms). 
See Plate .2. 

METHOD OF TEST 

5. The t emperature effect on the re::;istance of the units 
was determined by measuring the resistance at a number of temperatures 
between -12° and +52° C., in each case after t he t emperature in the 
compartment had been held constant over a period of 2 hours. The 
te:nperature r ise at 1aaximum rated voltage and at 50% voltage overload 
was determined by applying the tnermocouple of a resistance thermometer 
to the surface at t ne mid point, after the proper vol tage had been 
applied for appr oximately 2 hours. The protection afforded against 
excessive humidity v,ms determined by heating the uni ts in salt ;,;ater 
for 4 hours at 75° C., rinsing in fresh water, dryine the surface, 
and measuring the resistance. The ability of the insula tlon to 
withstand a voltage overload .. ms determined by applying two times 
the maximum r a ted voltage plus 1,000 volts bet'i'leen each terminal and 
the case and noting 1vhether breakdown occurred. 

DJ.TA RECORDED DURING. TEST 

6 ~ The data recorded during the tests are given u.'1der 
"Results of Testn and in the appended tables. 

PROBABLE ERROR _()F RESULTS 

7. The er ror in the measurement of the resistance values 
is less than + 0&15%. The error in the measure:nent of the temperature 
of the uni ts is less t::1an 2° C. The error i:1 the mea::mreinent of the 
applied voltage during the voltnge overload tes t s was less than± 2%. 
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RESULTS OF Tl!:ST 

8. Construction. These wire wound resistors for use as voltmeter 
multipliers are mounted in watertight cases f or protection against 
hwnidity. As mentioned in reference (c), the r esistance elements are 
v-101md on insulat ing spools which are mounted in a bake.Lite tube, in the 
case of the tubular style, and in an iron box, in t'.-ie case of the so-c:=i.lled 
box type. The resistors are embedded in Superla wax to pr•oyide protection 
against humidity. At the upper p!lrt of Plate 1 are shown two resistor 
spools connected together by a threaded stud. The spool at the left is 
covered by t he protective cup-shaped metal shield; that at the right has 
had the shield removed (which is shovm above it) and also the layers of 
wax coated tape and a layer of insulated wire from one-half of t he unit. 
The r esis tance of these particular unmounted spools which were furni shed 
to show the coi1s truction of the resistance elements, is l megohm each. 
The size of the wire in these unoounted spools is approximately 0.001" . 
The completed uni ts which were tested 1vere not disassembled for examina
t i on . I t is preswned tha t the short tubul,~r unit No .. .l contains one 
750 kilohm spool and that uni t No. 2 contains 5 spools of 700 kilohms each, 
in seri es . The resistance of the units a t 20° C. was mecJ.sured t:) be as 
follows : 

Unit No. 1 
2 
3 

747 kilohros 
3500 II 

3500 II 

9. Tempe~at~~e Effect on R~sisto.nce. The te~perature coeffici ent 
of resistance (per cent change i n res istance per degree Centigrade change 
in te1:iperature) v;as r.ieasured to be as fol l m'/S: 

Unit Number 

1 
2 
3 

Tempera t ure Coeffici ent 

0.019 per cent 
Q.009 II II 

0.009 II 11 

10. Temoeratur~_Rise. The t emperature rise on t he surface at 
maximum rated voltage and a t 50% voltage over lond were us follov'lS: 

Unit Number 

l 
2 
3 

Temperature Rise 
at_~ated Voltage 

10°c. 
17 
* 

* Tewperatur e rise l ess than 5°c. 

Tem1ieru ture Rise at 
50% Volta..,ge Overload 

Speci f i cations, r eference (b) , paragraph 5(a)(2)(b) stat e that the 
temperature risG shal l not exceed 75° C. in a 750 volt unit at full 
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rated voltage and shall not exceed 75° C. in 3.5 kilovolt units at 80% 
of full ru. ted ·101 tage. The temperature r i se in these uni ts was sa tis
fac t oril:,r lol/'l and far within the specification allowance. 

11. HumiqiJ;Y.: T~st. All three of the resistors were fully 
immersed in salt water and heated to 75° C. After 4 hours the units 
were removed, rinsed in distilled water, the surfa ces wiped rd th a dr-j' 
cloth, and t heir resist ances me~sured two minutes after removal from the 
salt wa ter bath and again af'ter one hour with the fol l owing results: 

Unit No. 

l 
2 
3 

Resistance in Kilohms 
after Salt Water Bath 

Two minutes out of wat~,t One hour-;,-:;;--of water 

736 
3060 
3500 

747 
3480 
3500 

Resistance 
before 

Immersion 

747 
3500 
3500 

I t will be noted that the immersion in salt water had a very slight 
effect on the re;:;ista.nce of the 2 tubular resistors as rneasured after 
one hour's cb.7ing and tb.ut there ;vas no observed effect on uni t No. 3 
in the iron box even imiaediately after removal f rom the buth. These 
resistors of both the tubular and the box type are considered to be 
adequately protected against humidity effects. 

12. Insulati on Voltage Test. The sam;iles were subject ed to a 
dielectric ·1oltage test i n which a po tential of two times the ra ted, or 
norrru:tl maxi mum voltage, plus 1,000 vol ts \'\'US upplied from each termi nal 
of the uni ts to the c&se . This potential vms 2500 vol ts for the 750 
volt unit and 8000 volts f or the 3. 5 kilovolt units. In the test of the 
tubular units a metal band was clamped around the tube and the voltage 
applied be tween the terminal and the band. In t he case of the unit 
mounted in the i ron "box t he potent ial was applied bel'11een a terminal post 
and the box at a point a t which the i nsulating coating had been removed. 

All of the uni t s withstood the insulation test without any 
breakdo'lm. This test is presc!'ibed i n reference (b), ;iaragrn.ph 5(a) (5) (b). 

13. I nsulati on . The insulat ion between the t erminals of the 
tubular resistors---;;-onsi s ts of a bakel i te tube \,;hich the manufacturer 
states ln ref er ence (c) has been sprayed with Glyptol . This insulation 
is considered satlsf a ct orJ on the basis of the resul ts of the salt water 
immersion test and the dielectric vol tage test described above. In 
reference (b) , paragr aph 5(a)(5)(b) it is stated t hat Class B insulation 
(inorganic) shall be used unl ess otherwise specified. Class B insulation 
(ceramic material) is used in the box type unit No. 3. 

14. Power Consurn2ti on. ·since these resistors are intended for 
use with electrical indicating instruments having a full scale current 
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of 1 milliampere, the vol t:neter formed by the use of these multi plier::; 
with such a meter would have a resistance of 1,000 ohms per vol t at full 
scale. Therefore, the power consumed in the multi plier when i ts 
associated instrument indicates full scale would :ie 1 w·iatt per thousand 
volts (1 watt per megohm of multi plier resistance). 

15. Dimensions and Weight. The exact maximum overall dimensions 
of t:ie J units tested are given in Table 2, together with their weights. 
In ?lates 1 and 2 the style of the t erminal construction provided is 
shown. The box type unlt ls offered by the manufacturer as stated in 
reference (c) 11 to r:ieet cert ain space requirements on replacement jobs." 
This unit i s quite heavy; its weight is more than 11 ti:nes that of t he 
tubular unit of the same value of resistance. The v,ei3hts of all the 
sar.iples is given in tne last column of Table 2. The ferrule of the 
J . 5 kilovol t tubul ar resistor has a diameter of 9/16 11 • It is believed 
tho.t the use of a 13/1611 diameter ferrul e with the correGponding 
motmting clip i s deci dedly preferable to guard against dislocation 
of foe units under conditions of excessive vibrationo This proposed 
value is the diametar of the ferrule of the Navy 60 watt resistor. 

CONCLUSI_ONS 

16. These voltmeter multiplier resistors comply with the 
ap!)l icable require!Jlents of specificat ions, reference (b), except for 
minor const ructi onal detail s. 

17 . These units are well protected against t he effects of 
excessive humidi ty. 

18. 'I'hese units of both the tubular mid t he box type of mounting 
are considered sui table for Naval use as voltieter multipliers at the 
volt:iges at 1·1hlch they are rated by t he manuL .. cturer. 

- 5-



Table 1 

Temp.Coeff. 
Rated Resist- % Resist-

Rated Rei:;ist- ance ancc 
Volt age ance at 20°c. Chenge 

Sample Volts Kilohms Kilohms per 0 c. 

1 750 750 747 0.019 

2 3500 3500 3500 0.009 

3 3500 3500 3500 0.009 

Resistance 
after salt 
water test 
Kilohms ------2 min. 1 hr. 

T R" 0
" emp. !_,~e - Li. 

50% 
out of out of Rated Voltage 
water water Voltage Overload 

736 747 10 20 

3060 .3480 17 26 

3500 3500 * * 
* Telllperature rise le::;s than 5°c. 

Table 2 

Dimensions ~nd Weight 

Di mensi ons _- Inches _______ 

Sample Length Dia.r.ie ter Width Height 

1 4-1/4 1-1/ 16 

2 9-1/8 1-1/8 

3 8-7/8 3-9/16 5-3/4 

Diameter 
of Ferrule 

9/16 

Weight -
Pounds 

0.18 

0.55 

6.50 
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