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AUTHORIZATION 

1. This work was authorized by Bureau of Engineering 
letter, refersnce (a). Other relevant correspondence is 
listed as references (b) and (c). 

Reference: (a) 

OBJECT OF T~ST 

BuEng. ltr. S67/22-15 (5-2-R6) of 
23 June 1938. 
Specifications 17-I-12a. 
NRL Report R-1486, "Report of Test of 
Multiplier Resistor for 250 Volt Volt
meter, Submitted by Weston Electrical 
Instrument Corporation", dated 28 October 
1938. 

2. The object of the test was to determine whether 
the subject meter complies with specifications, ref'?rence (b), 
and is suitable for Naval use, part:i.cularly with resp<?ct to 
the effect of ~xcessive atmospheric humidity on both the meter 
and its multiplisr resistor. 

ABSTRACT OF TEST 

3. The instrument was inspect0d for compliance with 
thf.: dimensional requirem".mts of specifications, reference (b), 
for ~-1/2" flush mounting d-c instrum2nts. Th0 metgr was sub-
j ect<?d to high r'::la ti ve humidity at both 50°c and room tgmp~r
ature for a p8riod of 27 days, and the gff-==;ct notgd on thg d-c 
resistance bstw-:; ,,:_;n the terminals as well as on th<:l accuracy of 
th':? instrument as a voltmet0r. It was heat'3d to a temp~ratur<:: 
of 65°C and chilled to a temperatur~ of -10°c to determine if 
th1:; humidity seal was affected at th2se te;mperaturgs. The in
strument was subjectt:?d to a severe vibration test. Th~ t<?moer-
a ture rise at th8 outside of the case was notgd aft-3r the in
strument had been operated at full scale voltage for sev~ral 
hours, 
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Conclusions 

(a) The instrument under test complies with the ap-
plicable requirements of specifications, ref8rence (b). 

(b) It i s well protected against humidity eff9cts 
and is consider~d suitable for Naval use . 
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;Ri:;cornmenda tions 

(a) It is recommended that this instrum~nt be con-
sider~d suitable for Naval use. 
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DESCRIPTION OF MAT~RIAL UNDER TEST 

4. The instrument subml tted for t'3st was a Vio,ston 
Model 301, 750 volt d.c. voltmeter (0-1/2 inches, flush 
mounting, with case of insulating material) bearing the 
serial number 1,326,630. This instrument vms submitted as 
embodying a wir<; wound mul tipJ.ic)r resistor \•'i th improved 
protsction against the effects of humidity. The s9lf-con
tain'3d multiplier is housed in a compartment 5/8 inch deep 
which forms an '3xtension of the case of the) m'8't-Jr. 

METHOD OF TEST 

5. The humidity t'?st consist8d in subjecting the:; 
instrument to a r'0la ti ve humidity of aporoxima tely 90 p<?-r 
c<::nt at a temperatur'3 of 50°C for ~27 days, during which tirn<:; 
the t .emperature wa s allm·.red to drop to approximat2ly 25°C on 
ten occasions. Th<; r •~s istanc'~ of th':! instrume;nt was measurc_;d 
with a special type Wheatston~ bridge, and the vol tag-~ read
ings of the meter W'Br9 rioted j_n comparison V'i th a standard 
instrum~m t b8for e the beginning of the t':!sts as w9ll as aftqr 
the humidity t8st and again following th.re; vibration t8st. 
Th8 instrument was hsa t8d to a t9mperatur':? of 65°C for 
7 hours and rapidly ch:Lll9d to -10°c to det<;rmine if its 
moistur9-proof s<:.al was aff9ct8d by such op~ration. Thr~ 
met8r was mount9d on a vibration t a.bl") and subj':)cted to in
t·=mse vibration for 24 hours at freauenci 1~s b9bJ8")n 6 and 
20 cycl-=;s per second:, and at ar.iplitud<ss o.f vibration unto 
approximat -~ly 1/8 inch. During th9 vibration t")st, th9 in
strument was mounted vertically for 12 hours and. horizontally 
for 12 hours. The temperatur8 ris-2 at the surfac9 of the 
cas8 was determined by means of a calibrated thermocounls 
nft")r ths met9r had b 101:;n opera t'3d at full seal 9 voltage for 
approximately 7 hours. The cass of the m9ter was op•~ned 
after the completion of th<; tests for the nurnos~ of 9xam
ining th':! type of s<:al provided at the jun~tions of th'3 S'3C

tions of ths cas9, and the manner of prot·~ction n.ffordecJ. th:c:' 
fin9 wir~ of the 750,000 ohm m1ltipli0r r'?sistor coil. 

DATA R8COHD8D DURING TEST 

6. The dq ta recorded during the t9st Ar~ gi V8n 

under Results of Test. 

DISCUSSION OF PROBABL~ 8RRORS 

7. The errors lnvolv<?d in th9 m'?nsur":!ments arc:: 
not greater than thi:; follov'ing: 

Relative error in voltag~ d~t9rminations 
Relative humidity 
T9mp'8ra ture 
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± 10% 
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RESULTS OF' TEST 

8. The results of the tr:lsts ar'":l given below: 

Dimensions. The dimensions of the instrum<?nt lie 
v-ri thin the limits of Table 3 of specifications, reference 
( b), for 0-1/2 inch flush rnoun ting meters and are as fol--
10,NS: 

Diameter of flange 
DiamBter of body 
Depth of case 
Radius of mounting 

screw circle 
Stud length beyond 

meter case 

3-1/2 inches 
2-11/16 inches 
1-5/8 inches 

1.58 inches 

11/ 16 inch 

Hurni di ty Test. Tl18 instrument was subjected to a 
relative humidity of approximately 90 per cent at a temper
ature of 50°c for 12 days, during which time the tempt~ra-• 
ture was allowed to drop to approximately 25° on six occa
sions, thus raising the relative humidity to the dew-point. 
The accuracy of the instrument as a vol tmet<:r was nm•· prac
tically the same as before this test (see Table 1). Aftqr 
the meter was hea te;d to 65°c and chilled to -lo0 c, th.:: 
humid:L ty test was continued for 15 morr.; days, ,~,i th four 
cooling po.riods to room ternpera,ture. Th~ voltage readings 
of the voltmet8r after the 27-day test did not diff9r from 
those; taken befor r1 the beginning of the tests by as much as 
1/2 p~r cent of tnc.) full scale value of the meter, as shown 
in Ta.bl~ 1 (th9 rated accuracy of this type of instrum~.:mt 
is 2 pe:r cent of the full scale valu<.;). There was no visibl'? 
accumulation of moisture inside th<J glass, or otho.r 9Vi.d8nc'? 
of the penetration of water into the case of the meter. No 
measur2ble change was noted in the resistance of th<:? :3/4 
megohm multipliqr resistor. Therefore, the protection 
against humidity applied to this meter appears to be qui tc:; 
~ffective. 

Heat 8ffect at 65°c. Aftgr thg m~ter had been heRt~d 
t0 3. tempo.ra turs of 65°C for 1-1/2 hours 11:hile m0un ted in 
a horizontal pos:i.tinn, it was found that one:; of th~ insu
lating ~lugs, used to elose thl-3 holes in the back of thq 
multiplier compartment aft8r the wax had been p0ured int') 
it, had fall~n ~1t and apnr0ximat0ly nne t8aspo~nful ~f 
wax had flr:nv<":;d '")Ut 0f th:: multiplier c0mpartm'=nt. This 
plug was pr<?ssed into place and the rnetc:?r irnm<?diat~ly sub
j.:_;ct<:d t0 a tr;mp': rature of --1O°c for 4 hriurs. No oth'=!r 
eff8ct was ll""ted du~ to thes~ '=xtrem '; chang~s j_n t':!mpqra
tur<3. The last check of the accuracy of the 111-3t~r was mad.8 
aft~r these temp9rature tests, and foll01,"ing 15 m0re; days 
of humidity tests as prsvi0usly stated. 
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Temperature Rise at Full Scale Voltage. After the 
rated maximum voltage of 750 volts had be,=;n appli~d to 
the met9r terminals for a period of '7 hours, no d~tectable 
rise in surface t8mperature had occurrr~d. The powsr dissi
pated in the met<?r was only 3/4 watt. (1 ma through 3/4 mo,g.) 

Vibration Test. Aft9r the 24-hour vibration test, 
th<? m~t~;r function8d with no loss of accuracy, and th'3r'0 
was no evidence of any damage. 

Means Provided for Protection Against Humidity Effects. 
The mul tiplic~r rssistor is i.mpregnat9d with a water-proofing 
wo.x &'1.d mounted in a sealed comp8.rtm2nt on th8 back or ths 
mster. The cov:?r of this compaJ'.'trri·~nt is provid<?d with two 
hol9s in addition to those for t h '::: t~rmj.nal studs, and after 
the cov"Jr j_s clamp~d in plac rC?, liquefied wax is pour<::d into 
on9 of ths hol <~s while th9 other is uso.d as a..'1 air V'';nt. 
Th <; multipli9r is thus wholly ~mb<)dd 2d in wax, as shown in 
Plate 1, where a portion of th'3 annular mul tipli·jr co:i.l may 
bs seen in the upp2r portion of th~~ r9ar vi 0-:: w of the: m<Jt0r. 
After the multi r,li·J r compartm9nt is fil18d with th'.➔ 1r-mx, 
tight fi ttin-g plugs arr-; press ,~d into th ,3s9 holes as shown 
in th9 right vj_ew of Pla.t2 1. Th0 manufactur'3r 1 s r"~pr<:i
sentati ve sta t9s that th ,3 S8aling compound used at th9 ,junc
tion of the met8r cas1~ and th~ multiplier compartrnfmt and 
that used around the terminal studs is Glyptal; also that 
a non-hardening wax--like substanc•➔ is employed to s<:ml th<; 
glass to th8 m~t9r cas8, and around th~ zc.;rn adjust8r scr9w. 

CONCLUSIONS 

9. 
applicabl":! 

The instrum<Jnt under tr?-st cnmpli0s with the 
r 1~quir~m<?n ts :Jf sp<:cif'ica tions, r9f er<:>ncs (b) • 

10. It :Ls w?.11 prot~ct,:;d against hurnidi ty ~ff ,~cts 
,'3nd is consider<;d sui tab19 for N ava.l us:?. 

- 4 -



TABLE l 

Comparison of Test Met'?r wi th Standard Voltmeter 
Before and After Hurd.di ty Test 

VOLTAGE READINGS 

Standard 
Meter 

11?1 . 0 
225.0 
5 ESO. CJ 

Met~r Under Test 
After After 

BBfore 12 27 
Tsst Da.:y.§_ Days 

111 113 111 
')"')''Z 
1- .~t .,1~ ) 225 223 
548 552 550 

R2Rdtngs in colu!nn 4 were tG.ken after compl0tion of 
both thr:? humidity and vi bra t:Lon tests. 

Du1; to scale of rn0ter und8r t~ ~5 t a toleranc2 of onp 
volt should bCJ appli~d to valu:_;s in columns 2, 0 and 
4. 



Pls.t 1 


