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1. The tests herein reported were authorized by reference (a). Other

pertinent data are listed by references (b) and (c).

Reference: (a) BuBng let.867/24(1-8-W8) of 9 January 1937. :
(b) BuBng conf.let.C-N08-43256(10-18-W8) of 9 November 1936
to INM, Schenectady, N.Y. s - |
(c) NAL Report No. R41307(15-21) of ‘21-Sept.1936. -

QBJECT OF TEST
2. The object of the tests was to determines

(a) The suitability of this design for Naval use.

{b) Whether the- silver plated contacts will adequately
withstand service usage. =~ :

(¢) 1If the plating wears off and exposes the base

¢ metal, whether there would be sufficient contact hs

pressure to maintain a low and wniform contact o
resistance, AN ' : : :

{(a) mmm wear involved during the test

ABSTRACT OF TEST
L3
3. In accordance with par.7 of reference (a), a high frequency:regene-

rative circuit was constructed (see schematic diagrsm). This circuit wes
tuned to approximately 18.2 megacycles, the regeneration being controlled

by the potentiometer "R™ which has a dial calibrated in units of two degrees.

The subject switch'was comnected into the grid circuit as shown. The short
test jumper was connected as shown ly the dotted line and the dial setting
at which the oscillation click ocourred was noted. The circuit was: always
checked in this condition before making any tests to assure a constant
reference point. The jumper was then removed and the point at whieh oscil-
lation started was noted for each of the several combinations. In order to
facilitate the recording of data, the switch sectioms were desigmated by

A, B, C, D, the D section being closest to the mounting end and the A sectiom
being at the rear of the switch. The individual comtacts were sumbered in
a clockwise direction, looking at the rear of the switchj i.e. 1, 2, 3.
Therefore the complete roster of gontacts is Al, A2, A3; Bl, B2,-B3; C1,
€2, €3; D1, D2, D3. The circular contact rings on the movable shaft are
designated by ring "A", ring "B", ring "C%, and ring "D".

4. When the switch was ready for the test, the shaft was rotated by .
hand § few times to assure clean contacts and normal conditions to start.
The reading on the oscillator control dial at which oacillatiomns started
 was recorded for each contact and these values used as a standard of refer-
ence throughout the tests. These values have begn placed in brackets along-
aide each measurement for ease of comparisom. -'
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5, After the reference values were obtained, the switch was put
through various cycles of tests making measurements after each cycle. This
test procedurs consisted of rotating the shaft at 20 r.p.s., and during each
run the direction #f rotation was changed so that half of the time contacts
were made from & clockwise directiom and the other half froéa counterclock-
o o Bl paithon. ol i e il il i
swi

6. Run No.l was maede by hand rotation of the teh in doth dirpctions
to assure clean contacts. Ths observed valugs taken aftar this run wers
used as standard refersnce values thréomghout the teats. Rum No.2 consisted
of a total of 2400 revolutions. Run No.3 comsisted of a total of 4800 revd-
luticns. The switch riow hawving had 3600 revelutions in each direoticn was
removed from the circuit and given s thorough mechanical in
disclosed definite wear on the rotating contsets; also that the spring
clicker washer was being badly worn by ‘the looped end of the oottir”sh.
After this inspectidn the switch was placed in a humidity bath at .
and averaging 90% humidity for 44 hours. "These conditions were sccomplished
by use .f & temperature controlled chamber’ in which was placed a pan of
saturated salt sglution. By applying heat to the soluticn, the hpmidity
and temperature were maintained at the approximate values given. The switch
was not given a spray or immersion t&st nor did there ccocur any direct con-
densation. Upon removal from the bath the switch was rotated by hand a faw
times and then the measurements made @8 given in Test No. 4. )

7. 1t was replaced in the circuit and a total of 2600 more revolutiocns
sere mide with results as shown by Test No. 5. The switch was then replaced
in tne bath for 0 hours. Upon removal the was rotated by hand five

times each way with the results as listed for Test No. 6. ;

8 It was then revolved 4800 times more, removed from the circuit and
photographed to show the broken clicker washer, and measured, with the re-
sults as shown by Test No, 7. It was replaced in the teat circuil and ro-
tated 8400 times more when the result of wear was definitely evident aa
" shom 5y the results of Test No. 8. The switch was then replaced in the
batn for an additional 34 days after which it was removed, placed in the
test circuit and rotated by power for 20 revelutions with the redults as

given for Test Ne. G. .

9  Inspection after this test showed that coe of the movable amms of
group "A" had worn off sufficiently so that it did not make contact with
43, The switch was rotated by power without correcting this trouble for
760 rotations more and measured again as in Test Ho. 10,

10. It will be noted in Test No. 10 that some of thes contacis are
still in very good condition. The switch was then removed from the cir-
cuit, all contacts cleaned and the fixed contacts were bemt to provide a
reasonable contact pressure. JThe results then taken are liated under
Test No. 11. The values thus obtained indicated that the contact resls-
tances were in close agreement with the original values. After an addi-
tional 140 revolutions without change from normal values, the tegt was
diseontinued. The switch was removed from the test circult, washed in
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carbon tetrachloride and given a very cereful mechanical inspection. This
inspection disclosed that the silver surface of ring "A" was worn completely
through on the contact area, ring "B" partially worn through aad rings °C®
and D" just appear polished. The clicker spring washer was fractured in
three places and is badly discolored, Data were taken at frequent intervals
tc deteraine when any appreciadle change resulted but only a few of the
measurementis are submitted as the remaining data cover periods when thare
W&s no appreciabls change and would add nothing to the value of this report.
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(a) This band switch is ome of sturdy construction having excellent
insulating properties, unusually great contact pressure, and a reliable
clicker or positioning device. It has a positive limiting stop cperating
on an integral part of the control shaft which does not place any strain
on the rotor contacts or their ceramic drive shaft. Although the switch
was operated around 20,000 complete revolutions, the probable equivalent
of ten years®' service, there was no sign of loosening of any of the many
parts required for its fabrication.

(b) The fact that the contact area is plated, and does in the case of
the brass rotor contacts wear off with relatively little use, constitutes
its principal weskness. The silver plating was slready worn off the ends
of the rotating contact studs upom receipt of the switch at this Laboratery.
This fact would in any bend switch used in radio frequency circuits pre-
viously tested, prevent a recommendation for service use. In this case
it was found that the silver plating on the beryllium copper contacts
wore away at a surprisingly alow rate and that although the rotor or silver
plated brass contacts did wear away very rapidly, the unusually great con-
tact pressure was sufficient to clean the surfaces to permit satisfactory
and normal operation continuously until the pressure was reduced by a
wearing away of the brass Although it is known that brass will corrode
when exposed to saline atmospheres, it is beliaved that the contact pres-
sure is great enough to assure that the cantacts will be self cleaned with
2 few operations of the switch. The switch could be improved 1f the rotor
contacts were made of a non-corrosive materisl, provided that ome can be
found that will not wear away excessively with the relatively great con-
tact pressure provided.
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fpconmendations
It is recommended thats

(a) The clicker spring washer be silver plated or plated with
some material that will retard corrosiocnm. i ; '

(b) The rotor contacts be made of some material that will better
resist wear and that this material be non-corrosive.

(c) The subject switch be considered as satisfactory for use in
the Model TBO equipments, preferably with the modifications as given above
and in case a suitably non-corsosive and wear reasisting material camnot be
found for the rotor contacts, that the instructicm doocks advise that when
the equipment has been out of use for long periods that the switch be
operated a few times to assure clean contacts.

(@) The ring contact springs be soldered to their terminal lugs.
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MATERIAL UNDER TEST |

11. The subject switch is & three position four pole rotary type having
ceramic insulation. The switch is assembled on 2 1-7/8 inches diameter
3/32 inch thick circular aluminum alloy mounting plate. This plate is
drilled and tapped for three 6-32 mowumting screws arranged in triangular
form. This plate is drilled in ths center to become the front bearing for
the rotor assembly and at the edges to receive the acrews wmhich hold the
spacer insulators supporting the stator assemblies,

12. The rotor assemdly consists of & 1/4 inch brass shaft 3/8 inch lomg
which has its bearing in the mounting plate, & 9/32 inch long by 3/16 inch
diazeter oxteansion on this shaft drilled for a securing pin and furnished
with a "V" shaped keyway to receive the-point of a sst sorew from a control
knob, The shaft 15 also fitted with a coupling arrangement and clicker
disc back of the mounting plate which is an integral shaft of the ahaft.

The clicker disc 13 1-7/16 inches in diameter and is drilled with six holes,
one on each aide of the center aligning with the ateel balls located in
holes in the mounting plate, for cach switoh pesition. 2Ihe clicker balls
are retuined in the holes in the mounting plate by a circular wasbher of
what eppenra to be spring bronize, held ia place by & washer, and a cotter
pin through the shaft, Thers are fowr jaws on the back of the clicker

ddac that £4t over the four sides of a 3/8 inah squars ceramic shaft, This
shaft 1o supported at the rear of the switsh by a single steel dall mounted
botwean the cqnical hole ia the ond of-~the shaft and a round hole in the
center of a "Y" ghaped 1/64 inch thick spring rs, This support is
pecured to the rear ends of the three spacer insulator ocolumns, The four
sotor switch contacts oonsist of 3/16 inoh diemeter silver plated brass
rods with spherical sontact ends. Thess rods ars of full diameter for adout
5/1% ineh and are turned dowm to suitable sise to have about a 6-32 thread
for the rest of their 7/8 ianch of length. The threaded porticn f£its in a
lateral through hold' in ¢the 3/8 inch shaft and is ucurog % a round nut

of the 3/15 inch body aside of contact rod. The contast stud and nut are
further senured by scldering a silver plated broase ring to the side of
both stud and nut. This ring enciroles the square shaft and provides a
contaot surface for comneotion to the rotor when contactsd to a flat spring
bush secured o the stator assembly. '

13. The stator assemdly between the mounting plate and rear end dall
support, previously descrided, censists of two ceramio rings mounted in sush
position that the stator contacts mewmted therecn will be promlrlfouum-
od to contaot the rical endas of the rotor contasts, This positioning
is aooonplished by 1/4 imch diameter ceramic rods drilled and threaded at
the ends for 6-32 screws. Thers are three colums of insulators ged ia
triaagular form near the outer dismeter of the switol assembly, are
three insulators in each column, one betwesn the mounting plate and the
first stator sontact moumting cerasic ring, the second between the two rings
and the third dotween the rear ring and the rear dall support. JFlat bead
sorews securs the spacer iamilators to the ends and threaded studs passing
through the ceramic contast supporting rings perait the mnﬁm-
to be screwed tightly ia place. Fiber washers have besn between
all ceramic to metal and ceramic to osramis abutments. The stafer contaots



appear to be made of asilver plated beryllium copper .02 iach thick. Those
contacting on the rings leading to the rotor contacts have a spring length
of approximately 1/2 inch are 7/32 inch wide asnd are so formed as to provide
contact at the end of the cross section area of the spring with an angular
displacement to provide a self-wiping contact. Circuit connection to these
springs is through a2 terminal lug bolted to the spring by a screw passing
through the ceramic ring, the terminal, and the spring. The nut is soldered
to the spring but the spring is not soldered to the termipal thus providing
only pressure contact. The lug is sc bent as to prevent accidental rotation
but this does not prevent possible accidental rotation of the fixed contact
should the clamping pressure of the through bolt be insufficient to hold

the assembly in place. The stator contacts which make contact with the
spherical ended studs are "U" shaped having a maximum spring length of closze
to 1/2 inch. One side of the "U" forms the contact and the other the terai-
nal connection, while the bottom of the "U" is bolted to the ceramiec sup-
perting ring. Its shape and method of mountling prevent rotation. The
clemping screw and nut are soldered to the spring. The contact end of the
cpring is so bent as to give a turned back edge as the contact comes into
the mnke or break position with a slight recess at the center position thus
a3sisting in clicker action or switch positioning.

14. Plates 1 and 2 are photographs and schematic diagram respectively.

15. Cliose inspsction of the switsh prior to the start of tests re-
veeled thnt the silver plating on the tip ends of the spherical rotor con-
tacts had 2lready been worn through exposing the brass. Considering the
pregsure on the contacts and the thickness of the plating, it is probabdle
that this could have been the result of a relatively few switch operations.

METHOD OF TEST

16. For purposes of reference each switch section has been lettered
"a" to "D" inclusive, the "A"™ section being the section farthest from the
auantles end, while the "D" section is next to the mounting end. This was
fourd to be most convenient for test procedure. Each contact could then
.% given &« nunbery viz., AL, A2, A3, Bl, B2, B3, C1, C2, C3, D1, D2, D3.
Looking .t the rear of the switch assembly and assuming & clockwise rota-
tion the notation would run Section "A"™ Contact #1, #2, #3, or Al, A2,
A3, etc. Section ™A" 13 contacted by a double movable ccntact arm so that
when the switeh is set om the #1 contacts, #2 contact of "A" section is
also engaged. Similarly when the switch is on #2 contacts, AZ and A3 are
engazed. When the switch is in position #3 each group has a single con-
tact enguzed. By reference to the schematic diagram it will be noted that
the switch has a total of 16 contact surfaces which were all connected in
series to facilitate the detection of any change from normal by a single
check. -

17. The test circuit in which the switch was connected consisted of
& single tube regemerative oscillator, using the potentiometer "R" for the
oscillution control, The tuned grid circuit was opened and the subject
switch connected in circuit as shown. An sudio amplifier and speaker were
used to amplify the click or howl, whichever occurred, when the circuit
went into oscillation. If the circuit was normal a sharp click was heard.
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If there was resistance in the circuit, the oscillation click moved up the
scale or & howl resulted., With the hook-up shown, it was a simple matter
determine just which contact was causing trouble. The contacts being all
in series, a defective one would show up at once either by the point of os-
eillation moving up the scale or by a howl. “ S

18, The oscillator circuit frequency was 18.2 megacycles.

19, The jumper "S®" was used to short circuit the switch so that the
reference point of opcillation coiild be set prior to taking any measuremsnts
on the switch proper. After this neférence point was '
of potentiometer "R", the jumper was removed and the test prod "I% was
clipped on to contact Al and the setting for the point of oscillation noted
on "R", This procedure was repeated for each contact separstely. The refer-
ence points used ih the test were as followss '

Short Test Point of Oscillation 39°

11-39.5° n-mtf ‘3"?
Bl - 50.5 B2 - 5.5 B3 - 53
a-s C2 - 52 -4
n- 7% Q.- 69 D3 - 66

This means that in Group "A® comtact #1 oscillatioms started at 39.5° ete.
Should no change in contact resistance take place, these readings should

repeat. ; :

20. The switch assembly was coupled to a synchronous motor baving a re-
duction gear which rotated the switch arm at 20 r.p.m.

+ DATA RECORDED DURING IEST

21. The first test conaisted of obtaining the reference point with the
switeh shorted out of circuit. This was noted at 39° on the dial “R". Prior
to every test this adjustment was made, The oscillation point under normel
circuit conditions was indicated by a sharp click from the speakar.

22. Test #1. Contact data after the switch was rotated a few times
to issure clean comtacts.’

Contagt 09c.Phs Copt. Opg.Ph.  Combs O80.Phe

to

a 39.5 A2 40.5 A3 420
B 5045 ‘B2 5.5 B3  53.0
a 52,0 2 € 520 c3 5.0
m 7.0 2 69.0 D3  66.0

The points, as listed above, are standard reference points.



23. Test #2. The following data obtained after 600 revolutions in
each direction at 20 r.p.m.

Al - 39 A2 - 39 A3 - 41 Bote the changs in A2,
Bl - 51 B2 - 52 B3 - 54 43, and C2 which bave
cl - 53 €2 - 50 c3 - 51 improved.

DL - 76 @R-71 D3 - 66

24. Test #3. After 2400 additional revolutions in each dirsction.

Al-&D ‘2"4105 ‘3""42‘5
B].-% 32-5205 BB"%
Gl - 53 c2 - 52 C3 - 54.5
n - 79 D2 - 7.5 D3 - 68

25. The switch now having had a total of 3600 revolutions, 1800 in
each direction, was removed from the circuit and given a thorough mechani-
cal inspection which disclosed the following defectss

() The ends of the double movable contacts of Group A
were now very much flatter having lost considerable
material., A very perceptible amount of ground metal
was deposited upon the mounting base. The fixed con-
tacts had the silver removed but there was no visible
evidence of any of the base metal baving been remsoved.

(b) All contacts of Groups B, C, D still appeared normal,
although there was a black deposit oan the fixed con-
tacts of 4, C, D.

(¢) The spring washer over the clicker balls was caused
to bind twice every revolution by the cotter pin which
holds it in place.

26. The switch was then placed in a saline bumidity bath. The tempera-
ture was maintained at 50° C while the humidity ranged around 90°, All
contacts while in the bath were in the open positlom. After 44 hours in the
bath the switch was removed, allowed to dry and them put lato the test cir-
cuit again.

27. Tes . The switch contacts were engaged successively by hand
through the various positioms with results as follows:

Al - 40.5 (39.5) A2 - 43 (40.5) A3 - 44.0 (42)
Bl - 54.0 (50.5) B2 - 64.0 (51.5) B3 - %.5 &53
Cl - 54.5 (51.0) €2 - 59.5 (52.0;* ¢3 - 53.0 (51
Dl - 82.5 (76) p2 -112 (%9.0 D3 - 70.5 (66)

# means a howl, i.e. high res. cont.

The figures in the parenthesis are the reference figures of normal operating
conditions, Test #1, and are given for ease of comparison.

G fﬁfﬁ



28. Test #5. The switch was next revolved by power for a total of
2600 revolutions and the following measurements made.

Al - 42.0 (39.5) A2 - 43.0 (40.5) A3 - 24.0 (42)
Bl - 54.5 (50.5) B2 - 55.0 (51.5) B3 - %6.5 (53
€l - 57.0 (51.0) €2 - 53.0 (52.0) C3 - 54.0 (51
Dl - 82.5 (76.0) D2 - 74.0 (69.0) D3 - 69.0 (66)

29, Test #6. The switch was replaced in the humidity bath for 60
hours, removed and placed in the test circuit. The switch was rotated
by hand for 10 revolutions, 5 each way, then measured.

Al - 42.0 (39.5; A2 - 43.0 540-5) A3 - 47.0 (42)
BL - 56.5 {50.5 B2 - 54.0 (52.5) B3 - 56.0 (53)
Cl - 56.0 (51; g2 - 5.5 (52; C3 - 53.0 (51)
D1 - B4.0 (76 D2 - 72.0 (6% D3 - 68.0 (66)

Data taken after 4800 additional revolutions by power were made.

30. IQBt. ﬂ- _
Al - 40.5 u e 43'0 53 i 1#3
Bl - 52.0 B2 -~ 51.5 B3 ~ 54.5
Cl - 54.0 CR - 49.5 C3 - 50.5
Dl - 32.0 D2 - 68-5 D3 = 6890

Photographs wers then taken to show that the spring washer previously
mentioned as binding on the cotter pin was broken in three places.

31, Test #8. The following dats were taken after 8400 more revolu-
tions by power.

Al - 140 A2 - 20% A3 - 19*%
Bl - 19® B2 - 20% B3 - 19*
cl - 203 g2 - 20% C3 - 19#
m - 210 DR -~ 20% D3 - 19%

An investigation disclosed that the reason for the howl (*) was high re-
sistance between the rotating contzets of the "A® section. This poor
contact in the "A" section naturally affected all of the other readings
dus to the series method of test employed. The switch was replaced in
the bath for 34 more days after which it was removed, placed in the test
circuit under power egain for 20 revolutions with the following results.

32. ZTest #9.
£ - 43 A2 ~ 45 A3 -~ 21% Howl
Bl - 53 B2 - 51 B3 - 21*
Cl - 54 c2 - 68 C3 - 21»
DL - 74 DR - 68 D3 - 21»



33. Inspection was made after this test to determine the reason for the
howl {a No.3 contact positions. It was found that one of the double amovshle
arms of the "A" group had worn domm so that it did not make contact with the
No. 3 fixed contact but did with fixed contacts No.l and 2. No attempt was
made to correct this trouble, but the test was continued to determine the
effect on the other contacts.

34. ZTgst #10. The switch was rotated for 760 rotations ty power and
the following notations mades
AL - 42 (39.5)° A2 - 45 (40.5) A3 - 20 52;* Howl, caused
Bl - 52 (50.5)° B2 - 51 {51.5)" B3 - 20 (53)* by poor con-
cl - 55 (1) c2 - 52 (52)* €3 - 20 (54)* tact of A
Dl - 78 {76)% D2 - 68 (69)° D3 - 20 (66)» section

rotating arm.

Note that the contacts marked (') are still practically perfact after the
demonstration of poor contect showm in Test #8. The swiftch was removed from
the circuit, all contacts except the ring contacts were thoroughly cleaned
and the fixed contacts were sprung as necessary to assure reasonable contact
pressure,

35. Tast #Al.
AL - 42 (39.5) A2 - 44 (w.'sg A3 - 44.5 :.2;
Bl - 51.5 Eso.s) B2 - 52 (51.5 B3 - 52 53
- 52 (51) 62 - 52 (52 c3 - 52 (54)
L -77 (7) D2 - 89 (69 D3 - 65 (66)

This shows very close agreement with the reference figures given above except
for A2 mhich is not grestly different. 140 more revolutions under power fail-
#d to change the ebove figures and &8s irspection showed that the switch could
be expected %o continue to function aimilarly for a conaiderable period of
time, the teast wes discontinued. The switch was removed from the cdrouit,
pached in carbon tetrachloride and examined very carefully. The silver sur-
fuces of rings "A" and "B" were worn completely through and rings "C" and npw
appeored to have retained the plating but in & polished condition. The click-
er spring washer was bedly brokem in twe places, while a third crack hed al-
resdy sturted. This washer was badly discolored from saline atmogpheric ex-
posure.

EFCBABLE ERROR IN RESULTS
%. The errors involved in ‘he test of this switch consiitute primsrily

these due to the reading of the regeneration control dial "R". These read-
ings can be considered accurate to + 0.5%,
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ARSULIS OF TESTS
37. This test bas demonctrated that the subject switch after having

been through the equivalent of epproximately ten years of service, shows very
nttlo__lun_ot deterioration.

38. If, during the tests, tlm degree of rotation had been limited to
that allowed by the stops provided, the clicker washer would not have been
cracked. The principal defects are that of the silver plating wearing off
the rotor contacts and the excessive wear of these contacts themselves..

39, Despite this excessive wear, it required only a slight springing
of the fixed contacts (after washing the switch) to bring all contact re-
sistances back to a normal condition. ' '

SRR OF. DEFECTS

40. The breakage of the spring washer can not de considered as a de-
fect ss it was the result of rotatien greater than the normal 90° rotatiom
required for the three positions provided. It was caused by abngrmal strein
as the cotter pin head pacsed the clicker ball positions when 360° rotation
was effected as in these tests. It is probable, however, that thia would
become a defect should this switch be employed for a greater number of steps
requiring greater than 90° rotation unless the present cotter pin is replaced
with some form of securing pin that does mot contact the washer in rotation.

4l. The silver plating on the spherical tips of the rotor comtacts
definitely wears off witk relatively few switch operatioms.

SONCLUSIONS

42. This dand switch is one of sturdy constructionm having excellent in-
suleting properties, unusually great contact pressure, and a reliadle clicker
or positioning device. It has & positive limiting stop opersting on an integral
part of the control shaft which does not place any strain on ths rotor com-
tacts or their ceramic drive shaft. Although the swiich was operated arownd
20,000 complete revolutions, the prodebdle equivaleat of ten years' service,
there was no sign of loosening of amy of the many parts required for its
fabrication.

43, The fact that the comtact area is plated, and does in the case of
the brass rotor contacts wear off with relatively little use, constitutes
its principsl weakness. The was already worn off the 'ends
of the rotating contact studs upon receipt of the switch at this Labore
Thiag fact would in any band switch used in
1y tested, prevent & recommendation for service use. In this case it was
found that the silver plating om um
a surprisingly slow rate end that although the rotor or silver plated bress
contacts did wear sway very rapidly, the wnusually great contact pressure
was sufficient to clean the surfaces to
raticn continuously wntil the pressure was reduced by a wearing away of the
brass. nthonghitisho'uthntmﬂncmodothmexpoudtoulm

;
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atmoapheres, it is delieved that the contact pressure is great emough to
assure that the contacts will be self cleansd with s few operations of the
switch, The switch could be improved if the rotor contacts mede of a

were
non-corrosive material, provided that ome can be found that will not wear
away excessively with the relatively great contact pressure provided.
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