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This Final Techpical Engineering Report eovers all work
done under Conmtract AF33(600)-37951 from October 18, 1958 to
March 6, 1962, The memuseript was relessed by the author in
August 1962 for publication as an ASD Technicel Report

This contract with the P, R. Mallory & Company, Incorporated,
Indianapolis, Indiana, was initiated under ASD Manufactwring
Methods Project 7-510, “Develomment of a High Temperature Sealed
Wire Wound Variable Resistor", It was accomplished under the
techr;ical direction of Hx;. Harold K. Trinkle of the Klectroaics
Branch (ASRCTE), Manufacturing Technology Laboratory,
Aeronautical Systems Division, Wright-Patterson Air r?m Bage,
Ohio.

Mr, David G, Willisms, Project Engineer, and Mr, Jemes A,
Fred, Development Engineer, were the engineers in charge. Others
contributing to the work performed during the progrem were
Mr. James Ayres, Prooess Engineer, and Mr. Robert L, Frey,
Devolopment Enginser, . ‘

This project has been carried out as a part of the Air Foroe
Manufacturing Nethods.Program. The primary objective of the AMr
Pores Memufacturing Methods Progres 18 to develop on a timely
basis mamufacturing proousses, techaniques, and oquipntm we
in econonical producti'on of uwr materials and conpomente, The
PrOgren SnOSMPASes tb‘f!;m technical areass -
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Abstract-Sunmry ASD Technical Report 62-7-510
Final Technical Engineering Report  August 1962

Variable Wirewound, High Temperature, Sealed Resistor
James A. Fred
. Mallory Controls Company
Div. P. R. Mallory & Co., Inc.

Hermetically seaied variable wirewound resistors can be
manufactured using the equipment and processes described in the
N\

complete report,

The design of the sealed variable wound resistor provides
that the completed r.eaistor will be inuensitive to most

environments,

Finished units dre able to withstand such tests as torque,
temperature cycling, high temperature exposure, load life, salt
spray corrosion, moisture resistance, insulation resistance, low
temperature storage, acceleration, shock, and vibration. The
only unsatisfactory feature of this variable resistor was its
inobility to pass the rotational life test in the higher
resistance values wound. with 001 inch diameter wire, A

satisfactory solution was never found to this difficulty.

Most of the equipment ysed to meke these sealed variable
resistors was of standard commercial design with special jigs
and fixtureg attached where needed.
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Detailed drawings, processing dat@, descriptions, and
drawings (where pucecsary) of all production equipment, floor
spece requirements, and a recommended layout of all equipment
will be specified in the complete report to AFSC-ASD (ASRCIE)

Wright-Patterson Air Force Base, Ohio,
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INTRCDUGTION

The following report represents the results of work done
to develop a high temperature, aeaied, wirewound, variable

resistar,
Thig contract was divided into four distinc* phases,

PHASE I provided fort a study of the state-of-the-art, an
evaluation of materiala, design techniques, and processes
outlined in various government publicat cns, production processes
and ’oechniques,'and an approximate cost per resistoer.“ This

phase was succegsfully completed,

PHASE II providéd for: establishment of pilot lines, pre-
production samples to be built and tested and for copiles of test
results to be published and distributed. This phase was

partially succesgsful,

PHASE III provided for: a.quantita of resistors to be produced
on tools #nd fixtures provided by the contractor; also for
inspection and testing procedures to assure adequate quality

productfon. No action was taken on this phase,
PHASE IV provided for: the final technical engineering report.

The following report describes this effort in detail and
includes both ocur successes and failures while working on this

contract,

A
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I.

A,

1.

THE DESIGN AND DEVELOPMENT OF A HIGH TEMPERATURE SEALED
WIREWOUND VARIABLZ RLSISTCR !

Design Philosophy

The contract which this report is concerned with provided
for the development of a wirewound, high temperature,
sealed variable resistor, The final version was to consist
of a cast brass outer case, a 3/L4 inch diameter wirewound
variable resistor inserted into the outer case, and a heavy
brass cover was to be scldered in place. Hermetic sealing
would be aided by the use of a high temperature "O" ring

shaft seals and glass sealed terminals,

The reason for chcosing the indicated materials for use in
fabricating the internal parts of the variable resistor are ~

detailed as follows:

Wire ,
Previous expsrience in the manufacture of wirewound variable
resistors indicated that either Evanohm or Cupron or their
equivalents would be the most desirable in a resistor of
this type. It was felt that these wires were desirable
because of their low temperature coefficient and its high
resistance of 800 ohms per circular mil foot. However,

it was necessary to use an Alloy wire on resistance values

under 50 ohms because the wire size would have been too

big to be practical with Evanohm or Cupron,



2,

3.

Insulating Materials

An investigstion of high tumperature insulating materials
included asbestos, Quinterra board, anodized aluminum,
fiberglass, Teflon, and silicone glass laminates. The
silicone glass laminates were found to be satisfactory in
all respects, Manufacturers were found who would guarantee
that their asilicone glass laminates would operaste
continuously at 250n°C, The care strip has to be made of
material sheared at a L5° angle to provide the necessary
flexibility to enable it tc be formed inside the small

diameter cup used,

Contact Devices

Various materials such as carbon sieel, spring brass,
beryllium copper, wlkaloy, and nickel silver -rere considered
for use as contact arms., Nickel silver alloy, number "2"
hard temper, showsi the least amount of relaxation after
exposure to a temperature of 200°C for 1,000 hours. A

later investigation shcved that this material could be
inproved even more by a twelve (12) hour heat treatment at

25n°C,

Shafts
Three materials, stainless steel, cold rolled steel, and
brass were considered for shafts. Two of the materials were

suitably plated to withstand the salt spray test.
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Shafts

Pagssivated stainless stesl proved to be ontstanding in
this application. Another consideration hesides the salt
gpray test was the stop torjue test, With three turn-
downs in the shaft for "7" rings, all materials except
stainless steel twisted apart before the desired stop éznxue

was reached,

4

Hermetic Shaft 3eals

Several types of hermetic shaft seals were discussed,
Eyperiments were conduecied using beryllium copper hellows,
Teflon shaft scals, metal to metal reals, graphitar seals,
and silastic rubber "O" rings, The."0" rimgs ﬁroved out
to be the gimplest and easiest to use in manufacturing and

gave satis{actory results in testing.

Inner Casey “owir, and Terminals

It was decided to make the inner case a zinc diecasting,
This design would provide a cuse, locating lug, sealing
gland, and threaded mounting bushiny in one unit., It was
felt that the intricacies of the case 4id not make it
feasible to use 2 machined or stamp-3 part, The cover was
to be madevof brass while the terminals were 1o be made of
cartridge brass, These parts will have a final gold

plating over nickel.

llo



7. Outer Case and Cover
The outer case and cover will be of brasgs, made by Investment
Casting, buffed, nickel, and gold plated. It was felt that
since titia resistor could be exposed to a corrusive

atmospire, rold would give the test vrotection,

l:')
du

B, nalised .aesign

The materi:ls .nd {inishes proposed in the previcus gection
were used 1o ouildd 4 wtal of 140 variable resistors fer
the Prasg. [0 prenroductlon test prcgraﬁ. Eany of ine
Jrorosel desiprns wroved to be gquite satigfactory Wnile

geveral cther problem arcas were never succes;fully over-
e

come:,  sreas woore savlsfaciwory eelta were tartiaile

e The fnner ¢ case £28& W13 & source ¢of censtant irritation,
The case way uriginally tooled un s2 3 chort run :ie, The
history of this rart indicutes that the die casting started
off witr al1 the ~vitical dimensicons within T
many “imensiona began 4o fall out of the print tolerance,
After sevargl discussions with tiie vender, 1hv Qi wa5
returned and afier examination it was decided that it
snould be re-tooled, Subseguently, it was tooled with the
Towst Manufacturin- Compary, Chicags, Illincis, Thils vendor
scen Was in trcuble,  First witn che depth of the case,
waich he corrected by building a trinm die: Next excessive

“last was found in the window that the verminals extended through,

Best Available Copy -
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Conttc -

A£1s0 troublesome were pits; blow ho;es, and cold flow in thé
die cast matefial. Espeeially bad were pits and blow holes
in the threaded area of the bushing., This resulted in two
faults which could not be corrected without scrapping the
cases, Thelholes in the bushing prevented hemmetic sealing,
becaise since the threaded portion extended through the
outer cover air or liquid could enter into the inside of

the contrel, In addition pits and blow holes in the ID

of the bushing left a rough surface for the "u" rings to
rct=te against, The nexi result was that the "°" ring

would be chewed up after only a few shaft rotations, The
vendor was nover sble to comrli:tely eliminate pits and

blow holrs 4n the tushings. whst good parts we had io use

woere detailed from 2 large n.mber of raris.

Another scur-ce of early trouble in the program was the gold
rlating. The gold plating wculd flake off when the variable
resistor was subjected tn an elev:ict tempe rature of 200°C
or higher, A test was deveicped that allowed the sorting
out of the good plating from the bsd, ihis test consisted
of subjecting the plated cases to a temperature of 300°C

for one hour, If the cases came through this test without
the plating blistering, pitting, er flaking, then the case
sould ve sstisfactory for moduction use, Pursuing this
matter further, the plating process waa exsmined; and while

no particular flaw could bs found causing this tyvpe reject,

~bm
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Con:‘ld e e
it was :ecidel & have the plating done bv a different
venicre The new vendcr, PRECTSION LLECTRC-PLAIIRG CIMPANY,
Chicapo, Illinsis was able to pass the 30D test

satisfactorily without rejocts,

Anctner difficulty was the improper ~linching of the cars
on thne tover onn y.e f:_-llure‘ of the clinching ears to hoeld
the cover engnged e tre inner case. While it was felt
Ny the rrizinal Jdesipn work that saflicicnt mutarial
W8 puvited, it was cund that mere mnterisl hod to te

revided, . The tools were rewcrked to increasze the lengwn

R

of the Clinching errs which sclived the prblen,

Adann sclderins ¢f the nover to the outer Tase was Very o

2

Adffiec 1 80 i was 2clded v use a newly rurchoesed
intweston heater witn the proper .xrk coil w de tae
goldering., & 5°13stis " " rinz unler tn2 cuter cover is
.sei t ;rovite {or release of reoated exranded alr 1uring

v soliaring,  After the cose ig eccled, a nut iy drawn

dzwr on tne 0 Uer wnich completes the seal between the

.
Several lilricarnis were tested for lubriqating the shafe,
7 ring, ground ring, coil, ant rear bearing. Because of
tne extreme oov.rating temperatare range, -55°C to 250°7, it
compound 57~-11 would be the

was Jcunt tnat o Low Cowming

-

most satis’actery.

Best Availzble Copy



G, The insulator strip that is used to insulate the wound core
strip from the die cast case gave some trouble, The .01
ineh thick silicone glass material had an advertised
viltage Yrvakdown of LD0 volts U4 per mil thickness, This
would inc:ieste that o strir ,013 inches thizck wouli withe
stantt LDv - volts %, The strips we were receiving were
breaking Jdowi between 180U and 2600 volts UC. After
L7710 several vendors, we Were able %o find one,

YO0 INGCLASC TOMPANY, who3e gilicone glass material

wousd nasyg snis tesd,

%

? veveral protlama uwere ercountered with the winding and

e 4 e . . . B bE P
agcertline of e resistarce dnilao,

7.1 Troblem rumber one concerned the core sirip upen which
we wire was weunds This is o strip of sllicone glass
amiroilastely o0 incneg thizk by two inches leng, by
0o incied 4ide with a radius on the tcp and bettom of

the atriz, To focilitste furming *nic steio the material

mist be cut ¢n a 45° 2ngle from the direction of the wsave,

The ctrigs Whus cut varied in lzogth from over four feet

to one fiot afiter which they are again cut to varlous

length a2t cur plant, depending on the wire diameter to be

wound on t..e strips, to fit the die cast case, The silicone
7lass 13 very abrasive so that the cutting tool must be
kept sharp at all times, Anotner dirficulty is the cutting

¢ o noveh at each end of the core strip tw anchor the cnd

Best Available Copy "



7.1

7.2

Te3

Tok

Cont'd
turns of the winding. The notch needs to be a tight fit
for ,001 inch diameter wire but must also permit larger wire

sizes to be inserted into the notch as well,

Anotler problem was that of silvering t.hé ends of the winding.
Due to the small size of the assembly, it was found necessary
to apply the silver short out under a strong magnifying
glass., The silver must cover the ends of the wire completely
but still not be spattered on the 1/16 inch barrier left ~
between the end of the wire and the end of the core strip.
The desired effect was rinally achieved by careful

workmanship,

It was thought that an improvement could be made if the
wire was cemented down tc the core strip on the back side,
A Dow Corning composition called Silastic 1.0 adhesive was
tried but was not satisfactory. Several silicone campounds
were also tried but with limited success, This is more

fully explained in the section under pre-production
testing.

Another area investigated was the use of gruoved core
strip and a thinner, ,020, core strip. The grooved core '
strip formed much better in the registor case but proved
% have other drawbatks. Many experimental wound strips

were made with the grooved strips. Kxtreme difficulty was



T.4 Conttd
experienced in grooving the silicone glass so a thinner
strip vas t.ried. It was quite difficult to get a
satisfactory radius on the edges of this strip. The
result was that whensver ,001 diameter wire was used it
always broke when it went over the edges, Precoating the
020 ﬁick silicone glass core strip was tried but was
never perfected, There will be a further discussion on
this problem in the section relating to preproiuction

testing,

«10=-



RESULTS OF FIRST PRE~PRODUCTION TEST

Forty variable resistors each of three ohms and 25,000 ohms were

agsembled and subjected to the tests specifisd by Exhibit

WCRE 54=71. A copy of the exhibit appesrs in the appendix.

The resistors passed the following tests:

1,

3e

ho

9.

12,

Mechanical and visual inspection (i..3),
Resistance (L.L).

Insulation resistance (L.8).

Dielectric test at atmospheric pressure (L,5,1).
Hi,h temperature exposure (L.12),

Stop tarque (L.10,2),

Low temperature storage (L.13),

Acceleration (i..27),

Shock (u.21),

Vibration (high frequency) (L.19),

The resistors failed the following tests:

1.

Dielectric test at reduced atmospheric pressure (L.5.2).

lel All of eighty resistors falled to pass this test
because t‘he.voltage arced over ths hermetic
terminals,

1,2 After checkdng with the manufacturer of the hemetic
t.efminals, it was determined that the terminals were
not meant to withstand a sine wave potential of 550
volts FMS at a reduced pressure of 2,1 inches of

mercury (absolute),

11~



2.

L.

wm
.

1.3 4 change in specifications was requested for this
requirement,

Rotaticnal torque (L.1C,1)

2,1 Forty out of eighty variable resistors failed tc pass

the 1,5 inch ounce minimum torque specified,

2,2 A change in specifications wae requested for this
requirement,

Tenmperature cycling {L.11),

3.1 Thirty-four out of eighty variable resistors
excecded the 1 per cont pe.manent change in

resistance allowed by the specification. A chenge

in the type resistunce wire used was to be considered

as well ae asking for a change in the gpecification
for this requirement,

Low temperature eiposure (4.13)

L.l Right out cf eighty resistors exceeded the 15 inch
ounce limii{ on torque specified after one hour at
-65°C,

4.2 Thirteen out of eighty resistors were open or

intermittent at the end of the low temperature cycie.

Le3 Since the torque at room temperature was tco low and

the grease used to lubricate the shaft was the best

known available lubricant, it was decided to ask for
\

a change 4n specificationse.

1000 hour losd life (L.1k)

¢

-12-



6.

Te

5¢1 Seventeen out of twenty resistcrs tested exceeded the
1 per cent change in resistance allowed by the
specification,

5.2 It was decided that different types of wire ‘should be
investigated to see whether cr not this condition
could be improved.

Salt spray corrcsion {4,157,

6.1 All twenty resistcrs tested showel signs of corrosion,

€.2 This ccrrosion was not considered deirimentel to the
overation ¢f the variable resistcrs,

Moisture resistance (Lol€)

T+l Sixteen of the twenty resistors exceeded the 1 per
cent change in resistance allowed by the fspecific.ation.

7.l A chenge ir wire type was to be investigated,

Rotational life (L,17)

8.1 Seventeen out of twenty varisble resistors failed
during this test,

8,2 Since these resistors were hermetically sealed, it
was not possible to accurately determine what caused
the failure, It was assuped that the wire had worn
through and that less contact pressure would affect

an improvement.



RESULTS OF SECOND FRE-PRODUCTION TkST

As a result of so many fallures during the first pre-production
test a conference was 5e1d between Mallory and government
representatives, It was decided that Mallory would re-write

the specification using the best available informatjon that would
provide for good variable resistors, . cepy of this specification

is found in the appendix,

After the specification was accepted by both interested parties,
fofty samples each of 17 ohm and 29,007 ohm variable resistors
wvere assembled and subjected to pre-production testing, The
resistors passed the following testss

1. Mechenical and visual inspection (i.3)
2. Total resistance (L.L)

3¢ Minimum resistarce (L.6) .

ke Insulation resistance (L,7)

S5e Dielectric strength (L.&)

€6, Rotational torgque (L,9,1)

7. Temperature cycling (14,1C)

8. Salt spray corrosion {(L.1L)

9o Moisture resistance (4,15)

1¢, Low temperature storage (L,17)

11, Vibration (hiéﬁ frequency) ((.18)

12, Acceleration (L.19)

13, Shock (L.20)



As you can see, a change in same of the specifications allowed
the variable resistors to pass more of the tests than had passed
during the previous test program. There were still many ’
categories of fajilures that were either the same as befcre or in
different tests, The variable resistors failed during the
following testss
1. Resistance Taper (L.5) i
1.1 Three out of forty of the ten ohm resistors failed
to pass at the 30 per cent rotaiion point,
1,2 Twenty-nine out of forty of the 20,000 ohm resistors
falled to pass at the 30 per cent rotation point,
1.3 Cne out of forty 20,700 ohm resistors failed to pass
at the 50 per cent rotation point,
1.4 Eight out of forty 2C,C00 ohm resistors failed to
pass at the 100 per cent rotation point,
2., High temperature exposure (L.1l)
2¢1 Two out of fort; 20,700 ohm resistcrs exceeded the
S per cent change allowed in overall resistance,
3. Stop torque (L.9.2) '
3e1 Three resistors out of eighty failed to pass the six
inch pound stop torque test.
ke Low temperature exposure (i.12)
L.l Seven resistors out of eighty exceeded the eighteen
inch ounce 1limit, -
5¢ Load life (L,13)

5.1 Two resistors out of ten 2,000 ohm resistors exceeded



the 5 per cent change allowed in overall resistance,

6, I[delsctric strength after rotaticnal life (' ,16,2) ,
6.1 One 10 ohm resistor failed to pass this test.
7. Rotational life (L,1¢)
7.1 Four out of ten 10 ohm resistcrs failed toc pass this
test, .
7.2 Ten out of ten 20,7 olm resistors falled to pass
this test.
Most of the failures could be easily explaired and more care in
manufacturing would result in getting all good resistors,
Heowever, the retaticnal 1:ife test was so dismal that a
development program was started tc sec vhether or not resis‘crs
coult be made tha' would pags the rctational life test, Ttems
tc be investirated were as follews:
1, Varicus tvpes of lubricants were ¢ be tried on the wire,
7« The lergth of the core strin was to be adjusted so that the
ccil would be fomr.d intc a true radius when pushed into the
CUpDe
2, The cptimum contact pressure was to be determined,
ue An attempt would be made t¢ reduce the wear on the grcound
ring.
Se An attempt would be made to apply a silicone resin to the
wire after it was wound on the core strip. The reason
that this was done was because it is common practice in
the variable wirewound industry to cement the wires to the

core strip, It was felt that this was one reason why the

-16‘



wires broke during the rotational life test,

The use of thinner core strip material was to be investigaged.
It should be pointed out that the rotational life problem
primarily concerned the 20,707 ohm variable resistor which

is wound with ,"01 inch diameter nichrome wire. The

following discussion relates only to this resistance value,

A discussicn of the work dene on each of these itens

follows:

1., Some lubricants obtained were Cosmolube 615, Dow
Corrning DCS, DC6, and DM1l, After several tests, it
wag decided that D(1ll had the best all around
characteristies for this purpoee, Uses for this
lutricant include rear bearing, shaft, "0" rings, and
bushing, and wire, It has excellent high and low
temperature characteristics,

2. Much work was done on getting the coil to fii imto
the cur in a true radivs, It was fiually determined
that the tolerance on the cup would make it difficult
to always get a good fit, Since we were already in
trouble with the cup vendor, we decided to do all our
work on the length of the core strip, A satisfactory
comprorise was then made, o

3. The optimum contact pressure was experimentally .
detormined to be 25 grams, 8o & limit of 20 to 30 grams
was decided on for production use,

Ls The pressure on the ground ring was redhced by moving

-17-



the "C" ring out ,005 inches on the shaft, This

seered to give a satisfectory wear pattern to the

grouni ring. s

5« Work was carried on intermittently for two months to
try and find a satisfactory way to coat the wirewound
core with a silicone resiﬁ. At least five different
silicone formulations were tried, Three different
meth.ods of applization were tried.

These were painting it on with a paint brush,

dipping t-e strip, and spraving the silicone resin,

A satisfactory coating was obtained, and it was
determined that a two mil coating on the back of the
winding and on the lower half of the front of the
winding would best hcld the wire in place., The strip
was sprayed on one side and air dried, The area where
the cortact arm ran wss masked off and the coating
sprayed on and air dried, 7The wire was then wound on
the strip and baked to completely cure the resin,

This prcocess was Jdifficult to control and a satisfactory
coil was obtained only part of the tﬁne. The few good
coils that were run on rotstional life were completely
successful,

€. The use of thinner core strip material was investigated,
The only advantage was the ease with which it could be
formed into the cup, The drawbacks to the thinner

core strip made it difficult to use, Being only ,020

-16-



inches thick, it was hard to get a smooth radius on the
edges, A fiberglass wheel was used to polish this

edge but still the wire would break on many coils where
it went over the edges. During this period of
experimentation, the thjn core strip could show no

advantage over the grcoved thicker core strip,

Even with the imorcvemenis outlined above, 100 per
cent relisbility could never be attained, On one
trial run ~cmplete success might be attained while on
the next trial run all the resisters misht turn cut to

be failures,

It was felt that our process could not be ronsidered a
success 1f we could not get repcatable resultsg, For
this reascn we never completely solved the rctatiovnal

life problem on the 27,700 onm variatle resistors,

-19-
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1, SCOFE
1.1

EXHIBIT WCRE 56<71

18 OCTOBER 1958 ,
AS AMENDED 10 DECEMBER 1956
PR NR PB-8-MMP-6015

\

Ceneral « These requirements cover a variable ﬂre-
wound sealed resistor of the high temperature type,
for use in electronic equipment, These requirements
relate to a 2 watt, 3 to 25,900 olms with a
tolerance of 10 per cent suitable for continuous
operation at temperatures fram 65° to +225°C hot
spot, [Except for the shaft mechanical drive, all
ﬁerminat.’ions to the variable resistors shall be
hermetically sealed, The shaft seal shall be
adequate for the resistor to satisfy ail

requirements of this exnibit,

2. APPLICABLE PUBLICATIONS

2.1

The following publications of the issue in effect
on date-of the invitfation for biis shall form a
part of this exhibit to the extent specified
herein,
STANDARDS
MILITARY
MIL-STD=202 Test Methods for
Eleotronic and Rlectric

Componsnt Parts

- l—



3.

REQUIREMENTS

3.1

3.2

3.3

The requirements of this exhibit are detalled only
to the extent considered necessary to obtain the
desired objectives, The design, construction and
assembly techniques of the variable wirewound sealed
resistcrg shall be such as to facilitate quantit:ar .
production reproducibility at reasonable cost, The
material apd mechanical assembly used in the
construction of the resistors but not specified in
detail shall be of the quality consistent with the
proposed andi specified perfcrmance of the article,
Resistors shall be manufactured and processed in a
careful and workmanlike manper in accordance with
good design and practice.

Preproduction Samples = Forty (LO) of the three

ohm resistors and forty (L0) of the 25,000 ohm
resistors shall be subjccted to the tests outlined
in Table I by the manufacturer and chall have
satisfactcrily met the requirements of this e xhibit
prior to delivery of the resistors qalled for in

the contract,

Teat Nata - Test data covering the preproiuction

samples submitted to the tesis of Table I shall be
approved by the Government prior to delivery of

the resistors called for in the contract.

-2-
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3.k

AFY ]
.
(e 8

3.7

3.8

3.9

Total Resistance - The total reaistance shall be

within the specified tolerance of the nominal
resistance, which shall be available from 3 to

25,000 ohma, The mechanical rotation in degrees

'for the resistence element shall be fram 280° to

305°, The total effective electrical rotation
shall be at least 280°,

Mechanical and Visual Ipspection -~ Resistory shall

be of the design, construction, and physical
dimensions specified, See Figure 1,

Resistance Taper - The angle at which any percentage

of total resistance is effective shall be within

t S per cent of the total mechanical rotation of

the specified poasition.

Minimm Resistance - The minimum resistance shall not

exceed 0,3 ohms for resistors of 3 to 50 ohms nominal
resistance, 0.5 ohms for resistors 51 to 250 ohms
nomim.]: resistance, and 0.2 per cent of nominal re-
sisvance for nominal resistance values of more than
250 ohms,

Insulation Resistance - The initial insulation re-

sistance gshall not be less than 100 megolms (See L.8).

Dielectric Strength - The resistors shall be capable
of withstanding the application of the test potential
without damage, arcing, or breakdown.

3.10 TO!BU‘
»



3.10.1

3.10.2

3.11

3.12

313

3.1

3015

\

Rotational - The torque required to rotate the contact
,arm at any position shall be not less than 1,5 ounces-
inches nor more than 6 ounge-inches, .
Stop - The resistors shall withstand the six pound-
inch stop torque without damege.

]
Temperature Cycling - The resistors shall be capable’

of withstending th® tempcrature cycling without
mechanical injury, and the peirwanent change in total
resistance shall not exceed 1 per cent as a result
of the cycling (See L.11).

Low Temperature Exposure - The torque required to

effect rotation of the contact am during the low
temperature exposure test shall not exceed 15 ounce
inches. The permanent change in resistance shall
not exceed one (1) per cent. Electrical conrcctions
shell not be adversely affected and rivets shall
not loosen. The movable contact arm shall make
uniform electrical connections with the winding,
Load Life « The c.arge in total resistance of the
resistors shall not exceo'd 1l per cent as a result
of the life test specified in L.lL.

Salt Spray Corrosion - Resistors shall show no

marked corrosion; and shall show no disturbance of
the ground connection to the mounting panel as a

result of the corrosion test specified in L.)5.

Moisture Resistance - The total resistance shall

=5



3.16

3417

3.18

3.19

3420

not change more than 1 per cent and insulation re-
sistance zhall not be less than ten (10) megohns,
when tested during the moisture resistance test,
Rotational Life - Resistors shall not have a

permanent change in resistance in excess of 2 per
cent nor shall proper contact between resistance
elements and rotating arm be broken as the result of
25,000 cyclee of rotation,

Low Temperature Storage - After being subjected to

the low temperature storage test specified in
paragraph L,18, the resistors shall meet the re-
quirements of paragraph 3l.L.

Vibration - After subjection to conditicns of
vibration as outlined in paragraph L.19, the total
resistance shall have changed not more than 2 per
cent, There shall be no intermittent contact during
the test and no mechanical injury as a result of the
vibration test,

Acceleration - When resistors are tested as specified
in 4.20, the change in resistance shall not exceed 2
per cent nor shall there. be any evidence of mechanical
or elsctrical damage.

Shock - When resistors are tested es specified in k.21
the change in resistance shall not 'uc“d 2 per cent
nor shall thare be any evidence of mechanical or
electrical damage.



TABLE 1

N
Preproduction Approval Test
Test No, of Failures
Test Paragraph Allowed
Test Group I - All Sgmples (L0)
Mechanical and Visual Inspection L3
Resistance kb
Insulation Resistance L.8
Dielectric Test L9 0
Torque L0
Temperature Cycling L1
High Temperature Exposura (225°C) Le12
Low Temperature Expcsure Lel3
Test Group IT (10 Samples)
Load Life Lo
Salt Spray Corrosion Le15
Stop Torque L,20 3=

Test Group III (10 Samples)

Moisture Resistance L.1€

Test Group IV (10 Samples)

Rotational Life Lo17
Insulation Resistance L8
Dielectric Test LS
Low Temperature Storage Le18

Test Group V (19 Samples)

Acceleration Le20
Shock L.22
Vibration (high frequency) L.19

# Opne (1) failure is permissible in each of Test Group II, III,
IV, and V with no more than a total of thres (3) failures for
all test groups combined,

-7a
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\
INSPECTION AND TEST PROCEDURES

kol

Le2

L.3

Lol

Le5

be?

Gensral - The resistors shall be subjected to the tests
specified herein in the order shown to determine
compliance with requirements of this exhibit.

Standard lest Conditions - Unless otherwise specified

herein, all measurements and tests shall be performed
at 25 ¢+ 5°C and at room ambient gressure, and humidity,

Mechanical and Visual Insp:ction - The resistors shall

be inspected to verify that their physical dimensions
are as specified and workmanship is satisfactory.
(See Figure 1),

Total Resistance - Total resistance cf the resistors shall

be measured with the contact arm set at the extreme
counterclockwise position. The instrument used to
perform the total resistance measurement shall be
accurate to within + 9.5 per cent,

Registance Taper - Following the measurement of total

resistance, resistance measurement shall be made at

ten (10) per cent intervals of €ffective rotation,

-Resistance values versus per cent effective rotation

shall be plotted from the values obtained. The -
resistance tapers derived shall conform in general
shape to nominal curves shown on Figure 1l; both for
tapers "A" and "C",

Minimm Resistance - The contact arm shall be rotsted

to its extrems counterclockwise limit of rotation,

B



L.

L.9
L.%1

Le9e2

With the arm in this positicn, the resistance between

the counterclockwise terminsl and the rotating con- ,
tact terminals shall be measured, The contact arm

shall then be rotated t¢ its extreme clockwise limit

of rotation, With the arm in this position, the

resistance between the clockwise terminal and the

rotating contact terminal shall be measured,

Insulation Resistance - The insulation resistance from

the contacl-arm terminal to the mounting bushing, and
fron the resistence element terminals connected
together to the mountirg bushing shall be Qeasured.
All measurements shall be made using s direct current
potential of approximately 100 volts,

Dieleetric Strength

Atmospheric Pressure - A gine~wave test potential of

900 volts ms from an alternating cwrrent supply at
commeréial line frequency of not more than 100 cycles .
per second shall be applied from all terminals to the |
bushing for one (1) minu.te with the contact arm set at

the extreme oountérclockwise position.

Reduced Pressure « A sine-wave test potential of 550

volts RMS from an alternating current supply at
commercial line frequency of not more than 100 cycles
per second shall be applied as in paragraph %9a for s
period of one (1) minute at a pressure of 2,1 inches
of mercury (:';bsoluta), vith the cox;xtact arm set at the

extreme counterclockwise position,

-9-



L.10
k12,1

Le1042

L.11

Torque
Rotational - The tarque required to rotate the contact

arm on the resistance element shall be determined
throughout the entire range under standard conditions
of temperature and humidity., (Paragraph 4.2)

Stop - Upon ocompletion of the tests in Test Grouwp II,
the contact arm shall be rotated to both extremes and
the samplos shall withstand a torque of not less than
six (6) pound-inches applied to the control shaft,

Temperature Cycling - Resistors shall be subjected to

the temperature cycle shown belew for a total of 5
cycles performed continuously, 1 cycle following the
other, Resistars shall be held at the minimum and
maximum temperature for 30 minuteg except that they
shall be held at the minimum temperature on the fifth )
cycle for one hour in order to permit the test of
paragraph L.13 to be conducted, The rate of temperature
changs within the climatic chamber aha]?l be not less
than 2°C (3.,6°F) per minute, The resistors may be
fransferred from one chamber to another in which case
they shall be kept at room temperature for not less ‘
than 10 minutes and not more than 15 mimutes between
exposure to the extreme temperaturss, The total
resistance shall be measwred (Paragraph L.L) before
cycling and after the fifth cycle. After each measure-

ment of total resistanoce, the resistance betwesn

the contact arm at the low resistance end

w10



of the taper and both element tetminals shall also
be ascertained,
TEMPLRATURE CYCLE

-

Degrees Degrees
non npn
Start at - 25 77
Reduce to -85 -67
Retum to 25 17
Rise to 85 165
Return to 25 77

o612 High Temperature Exposure - Resistors shall be placed

in an oven at room tempsrature, The temperatire of
the oven‘shall then be elevated gradually to 225°C,
The period of the transition from roam temperature

to the 225°C temperature shall be accomplished in
not more than forty-five minutes. The resistors
shall then be conditiomed at 225°C for a period of
two (2) hours. They shall then be allowed to cool
gradually to room temperature., The resistors shéll
be measured for total resistance (see L..) before and
at the conclusion of this test,

Lel3 * Low Temperature Exposure - Resistors shall be maintained

for one hour at the minimum temperzture of -65°C of

the last cycls cf p;ra;;raph L.11. At the end of one
hour, the torque necessary to effect rotation df the
contact am shall be determined by a method satisfactory
to the agency conoemed., All electrical connections
shall be checked. The electridal connection between

the otating contact arm and the winding shall be |

[ '-‘llﬁ



Lol
Lelke2

Lelk,2

belS

L4e16
Lo16.1

kel6e2

checked by connecting an olmmeter \to the am and one
end terminal and slowly rotating the contact arm,

Load Life

Mounting - During this test resistors shall be mounted
on a l4 inch square, 0,050 inch thick, steel panel in
still atr with their terminels downward, No shielding
shall be loc~ted closer than 12 inches from the papel.
Test Procedure - Rated nominal wattage shall be ap.plied

to resistors at an ambient temperature of 85°C, Power

shall be applied intermittently 1-1/2 hours on and
1/2 hour off for a total of 1,M00 hours between one
of the terminals and the contact am with the contact
arm set 80 as to introduce the total resistance,
Resistence measuremerts shall be made before the start
of this test and pericdically at the end of the 1/2
hour off pericd until 1,000 hours have elapsed,

Salt-Spray Corrosion - Resistcrs shall be mounted on

an aluminum panel and subjected for 100 hours to the
salt-spray corrosion test of MIL-STD-202 (Method 101).
At the conclusion of this test the resistors shall be
rinsed thoroughly in clean tap water and then penﬁitted
to dry for 24 hours at LO°C,

Moisture Resistance

Initis)l Measurements - HResistance shall be measured at

‘room eonditions (See L.7).

ExEluro - Registors shall be tested in accordance with
Method 106 of MIL-STD202, Mo polarising voltage shall

i

be applied, 12



4.16.3 Final Measurements - With the samples maintained at
the high humidity condition during step seven at the

end of the tenth cycle, resistance and insulation
resistance shall be measured,

L.16.k MNessurements Following Moisture Resistance - The

following measurements shall be Perfomed at room

conditions af ter completion of the moisture

resistance test, total resistamnce, tarque, insulation

resistance, and dioiectric strength, .

L.17 Rotational Life

Le17.1 Mount - Resistors shall be mounted by their bushings
and shall be ganged in pairs, The resistors in e‘ach
pair shall be connected in series so that nominally
constant current flows through the resistors
irrespective of the contact arm position during the
oscillation of the shafts, The shafts shall be so
-connected mechanically 'that they shall turn

simultaneocusly in the same direction,

ROTATI5wAL LIFE TEST Crila) ™

AL AP s e BAAAAA S
LEFT RIGHT LEFT ’ RIGHT
TERNM. ! TESN. TER TERM.

DIRECTICN OF ROTAT/ON ‘{

D.C. SUPPLY
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Lel7.2

L.18

L.19

Rotation - A direct current potential equivalent tw
that required to dissipate rated wattage across the
entire registive element of resistors having the

same nominal total resistance shall then be applied
as shown in the Rotational Life Test Circuit.,

Resistor shafts shall then be continuously oscillated
through not less than 98 per cent of the total
machanical rotation at a rate of approximately 20
oscillations per minute for a total of 25,000
oscillations ( an oscillation is defined as the
corplete traverse from minimm to maximum and return).
The total resistance of resistors shall be ascertained
at the end of every 5,770 oscillations.

Low Temperature Storage - Immediately following the

tests specified in paragraph L.9, the resistors shall
be placed in a cold chamber maintained at a umperat\;re
of =65 t 2°C for twenty-four (2L) hours, after which
they shall be removed and mrintained at a temperature
of 25 + 5°C for a period of twenty-fsur (24) hours.
Vibration - The resistors shall be subjected to
vibration frequency cycling between 10 and 2000 cps at
an applied double amplitude of 0,060 inch or an applied
acceleration of 15g, whichever is the limiting value,

The frequency shall be varied logarithmically, and

‘the entire range of frequencies from 10 to 2000 cps ,

shall be traversed in aporoximately 20 minutes,

-u-



Le20

L2061

Lo20,2

L.21
L.21,1

The vibration shall be for a period of four hours in
each of three mutually perpendicular directions, The
vibration cycling may be accomplished in two discrete
steps, namely 10 to 500 cps for three hours in each
direction, and 507 to 2000 cps for one hour in cach
direction. |

Accolerat;ion

Mounting - Resistors shall be mounted by their normal
means on plates affixed to a mounting fixture which

is constructed in such a manner as tc insure that the
mounting sunports remain in a stati~ condition with
reference to the acceleration table.

:rrocedure - After mounting, total resistznce shall be
meagured, Resistors shall be subjected to a constant
acceleration of 50 gravity units (g) for a period of
a minute in each of two mutually perpencicular planes,
one perpendicular and the other parallel to the
longitudinal axis of the resistor shaft. Any physical
defects occurring during the acceleration may be noted
through an appropriate optical system. After this
test, total resistance shall be measured,

Shock

Mounting - Resistors shall be mounted by their normal
nounting means, and affixed to a mounting fixture which
is comtxfucted in such a manner as to insure that the
mounting supports remain in a static condition with

reforence tc the shock table,

.15-
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L2142 Procedure - After mounting, total resistance shall be

measured, Resistors shall be subjected to a constant
accelerating shock force of 50 g for 11 ¢+ 1 milli-
seconds in each of two mutually perpendicular planes,
one perpendicular and the other parallel to the
longitudinal axis of the resistor shaft. A shock test
machine in accordance with that described in Specification
MIL-S-iLS6 (USAF) may be used. After this test, total
resistance shall be measared.
PREPARATION FCR DELIV..RY
5e1 Delivery shall be as specified in contract.,
NOTHS
NOTICL: When Government drawinys, specifications, or other
data are used for ary purpese other than in connection with a
definitely related Govvrmenﬁ Prccurement Cperation, - the
United States Govermment there¢by incurs no responsibility ner
any obligation whatsoevery and the fact that the Government
may have formulated, furnished, or in anyway supplied the said
dr-wings, specifications, or other data, is not to be regarded
by implication or otherwise &s in any manrer licensing ths
holder or any other person or corporation, or conveying any
rights or permission to manufacture, use, or sell any patented

invention that may in anywsy be related thereto.

Robert E, Conklin/V. G, Nelson/mfh
WCRECw1 WCREO=1
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SPECIF ICATION

Resistors, Variable, Wirewound

High Temperature, Sealed

l. SCOPFE

1.1 General - These requiremania cover a variable
wirewound sealed resistor of the high temperature
type for use in electronic equipments. These
requirements relate to a 5 watt sigze, 10 to
20,900 ohms with a tolerance of 10 per cent
suitable for" continuoun operation a% a temy-
arature [rom -€5°C to +225°C hot spot. All
electrical terminations to the variable resistors
shall be hemetically sealed. The shaft seal
and bushing seal shall be adequate for the
‘resistor to satisfy all requirements of this
specification,

2o APPLICABLE PUBLICATICN

2¢1 The following publications of the issue in effect
on date of the invitation for tids shall form a part
of this specification to the extet;t 'specified herein.

STANDARDS
MILITARY
MIL=8TD-202 Test Methods for
Electronic and Electric

Component Parts,

.11-



3

REQUIREMINTS -

3.1

3.2

3.3

Dosign and Construction - The requirements of this

specification are detailed only to‘the extent considered
necessary to cbtain the desired objectives, 'I‘he-
deaign, construction, and assémbly techniques of
the variable wirewound sealed reai;stdrs shall bte
such as to facilitate quantity production repro-

‘
ducibility at reésonable cost. The msterial and
mechanical assembly used in the constructicn of the
resistors, but not specified in detail, shall be of
the quality consistent with the proposed and
gpecified performance of the article. Resistors
shall be manufactured and processed. in a careful
and wo;'kmanlike manner in accordance with good
design and practice,

Preproduction Samples = Forty (L0) of the 10 ohm

resistora and forty (LO) of the Zd,OOO ohm resistors
shall be subjected to the tests outlined in Table 1
by the manufecturer and shall have satisfactarily

met the requirements of this specii‘icétion prior to

delivery of the resistors called for in the Contract.

Test Data - Test data covering the preproduction

samples submitted to the tests of Table I shall be
approved by the Covernment prior to delivery of the

resistors called for in the Contract,

=18~
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TABLE I .

Preproduction Approval Test

Test
Test Paragraph

Test Group I - All Samples (LO)
Mechanical & Visual Inapection L.3
Total Resistance Lel:
Resistance Taper LS
Minimum Resistance Leb
Insulation Resistance Le?
Dielectric Strength ‘ Le€
Torque (Rotationall Le91
Temperature Cycling La10
High Temperature Exposure Lo11
Low Temperature Exposure Lel12
Test Group II - 10 Samples
Load Life Lo23
Salt Spray Corrosion Lol
Stop Torque be9.2
Test Group II1I - 10 Samples
Moisture Resistance LelS
Test Group IV - 10 Samples
Rotational Life L6
Insulation Resistance Le7
Dielectric Strength “heB
Low Temperature Storage Lo17
Test Group V « 10 Sarples
Acceleration Lel9
Shock Le20
Vibration ’ bhe18

No, of Failures
Allowed

#0ne (1) failure is permissible in each of Test Groups II, III,
IV, and V with no more than total of three (3) failures for all.

test groups combined,
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3.4

3.5

3.6

367

3.8

3.9

Total Resistance - The toial resistance shall be

within a 10 per cent tolerance of the nominal ,
resistance, which shall be available from 10 to 20,000
ohmg, The meehanical rotation in degreas for the
resistance element shall be from 280° to 05°, (See L.k)

Mechanical and Visual Inspection - Resistors shall

be of the desizn, construction, and physical
dimensions specified, (See L.3)

Resistance Taper - The resistance taper shall conform

in general shape to the nominal curve shown in
Figure 2., Hesistance measuremegts shall fall within
+ 10 per cent of the nominal values shown by the
curves at the specified angle of 50 per cent of
electrical rotation,

Minimum Resistance ~ The minimum resistance shall not

exceed 0,3 ohms for resistors of 3 to 50 ohms nominal
resistance, 0,5 ohms for resistors af 51 to 25(3 ohns
nominal resi.stance, and 2,2 per cent of nominal
resistance for nominal resirtance values of more than
250 ohms, (See L,5)

Insulation Resistance = The initial insulation

resistance shall pot be less than 100 megohms (See L,7),

Dielesctric Strength - The resistors shall be capable

of withstanding the application of the test potential

without damage, arcing, or breakdown. (See L.8)

-.



3610 Torque - The resistors shall meet the following limits
when tested as spec:l:fied in L.9%
3.J0,1 Rotational - The torque required to rctate the contact
arm at any position shall be not less than one inche
ounce nor more than six inch-ounces,
3.10.2 Stop - The resistors shall withstand the six inch-
pounds stop torque without damsge,

3,11 Temperature Cycling - The resistors shall be capable

of withstanding the temperatufe cyeling without
mechanical injury, and the permanent ch:nge in
resistance shall not exceed 5 per cent as a result
of the cycling as specified in L.11,

3.12 High Temperature Exposure - The resistors shall be

capable of withstanding the high temperature exposure
without mechanical injury, and the permanent change
in resistance shall not exceed 5 per cent as a result
of this test, (See L,11)

3.13 Low Temperature Exposure - The torque required to

effect rotation of -the contact arm during the low
temperature exposure test shall not exceed eighteen
inch-ounces, The permanent change in resistance
shall not exceed S per cemt, Electrical connections
shall not be affectec adversely and rivets shall not
loosen, The movable contact arm shall make uniform

electrical connections with the winding, (See L,12)

«2w



31k

3415

3.16

317

3.18

3.19

load Life - The changs 1in total resistance of the

resistors shall not exceed 5 per cent as a result of
the life test specified in 4,13,

Salt Spray Corrosion ~ Resistors shall show no marked

corresion and shall show no disturbance of the ground
econnection to the mounting panel as 2 result of the
corrosion test specified in 4,1k,

Moisture Resistance - The total resistance shall not

change more than 5 per cent and insulation resistance
shall not be less than 10 megohms when tested as
specified in 4,15,

Rotatlional Life - Resistors shall not have a permanent

change in resistance in excess of 5 per cent nor shall
proper contact between resistance elements and
rotating erm be broken as a result of 10,000 cycles

of rotation as specified in L.16,

Low Temperature Storage - After being subjected to the

low temperature storage test as specified ip paragraph

L4e17, the resistors shall meet the requirements of

paragraph 3.k

Vibration - After subjection to condi tions of vibration

as outlined in paregraph L.18, the total resistance
shall have change not more than 3 per cent, There
shall be no intermittent contact during the test, and

no mechanical injury as a result of the vibration test.

23



L.

3420 Accelorstion - When resistors are tested as specified

[
in 4.19, the change in resistance shall not exceed

2 per cent, nor shdll there be any evidence of
mechanical or electrical damage,

3e21 Shock - When resistors are tested as specified in

Le20, the change in resistance shall not exceed
2 per cent, nor shall there be any evidence of

mechanical or electrical damage,

INSPECTION AND TLST PROCEDURES

L.l

Le2

Lol

LeS

General - The resistors shall be subjected to the
tests specified here in the order shown to determine
compliance with the requirements of this specification.

Standard Test Conditions - Bnless otherwise specified

herein, all measurements and tests shall be performed

at 25° + 5°C and at room ambient pressure and humidity,

Mechanical and Visusl Inspection - The resistars shall
be inspected to verify that their physical dimensions
are ag specified and that the work is satisfactory,
See figure 1 for dimensions,

Total Resistance - Total resistance of the resistors

shall be measured with the contact arm set at the
extreme counterclockwise position. The instrument
used to perform this measurement shall be accurate
to within + C,S%,

Resistance Taper - Following the measurement of total
resistance, resistance measurements shall be made at

30, 50, 70, and-160 per cent of electrical rotation,

“2m



L.6

Le?

L.8
LeBel

.

Per cent of measured resistance versus per cent of
electrical rotation shall be determined from the |
;ralues obtained, The résistance tapers derived
shall conform in general shape tc the nominal
curves ahoﬁn on fi.gure 2, both for tapers "A" and
ngn

Minimum Resistance « The contact arm shall be

rotated to its extreme counterclockwise end of
rotation, With the arm in this position, the
resistance between the counterclockwise terminal

and the rotating contact terminal shall be measured.
The contact arr shall then be rotated to its extreme
clockwise limit of rotation., With the arm in this
position, the resistance between the clockwise
terminal and the rotating terminal shall be measured,

Insulation Resistance - The insulation resistance

from all the terminals tied together to the mounting
bushing shall be measured. All measurements shall
be made using a direct current voltage of approx-
imately 100 volts.

Dielectric Strength,

Atmospheric Pressure - A sine wave potential of 900

volts RMS, from an altemating current supply at

commercial line frequency of not more than 100 cycles
per second, shall be applied fmm. all terminals tied
together to the mounting bushing for a period of cne

ninute.
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Le10

Reduced Pressure - A sine wave test potential of 250

volts RMS from an alternating current supply at a
oommereial line frequency of not more than 100 cyclés
per second shall be supplied as in paragraph L.8.1
for a period of one minute at a pressure of 2.1
inches of mercury (absolute),

Torque

Rotational - The torque required to rotate the contact
arm on the resistance element shall be determined
throughout the entire range of rotation,

Stop - Upon completion of the tests in Test Group II,
the cont-ct arm shall be rotated to both extremes and
the samples shall withstand a torque of not less than
six inch-pounds agplicd to the control shaft,

Temperature Cycling - The resistors shall be subjected

to the temperature cycle shown below for a total of

5 cycles performed continuously, 1 cycle following the
other, The resistors shall be held at the minimum and
maximum temperature for 30 minutes except that they
shall be held at the minimum temperature on the fifth
cycle for one hour in order to permit the test of
paragraph L.12 to be conducted. The rate of
temperature change within the climatic chamber shall
be not less than 2°0, {(3,6°F) per minute, The
resistors may be transferred from one ~hamber to
another, 4n which case they chall be kept at room

temperature for not less than ten minutes and not more
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than 15 minutes between exposure to the extireme
temperature, The total resistance shall be messured
(paragraph L.3) before cycling and after the fifth
cycle, After each measurement of total resistance,
the resistance between the contact arm at the low
resistance end of the taper and both element

teminals shall be measured,

TEMPERATURL CYCLE

Degrees C Degrues F
Start at 25 17
Reduce to =65 =67
Return to 25 17
Rise to 85 185
Return to 25 77

lell High Temperature Exposure - The resistors shall be

placed in an oven at room temperature, The temperature
of the oven shall be elevated then gradually to 225°C,
The period of transition from room temperature to the
225°C, temperature shall be accomplished in not more
than forty-five minutes. The resistors then shall be
conditioned at 225° for a period of two hours. They
then shall be allowed to cool gradually to room temp-
erature, The resistors shall be measured for total
resistance (paragraph L.3) before and at the end of
the test,

Lel2 Low Temperature Exposure - The resistors shall be

maintained for one hour at the minimum temperature

of 65°C of the last-cycle of paragraph L.10,

27
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At the end of one hour, the torque necessary to effect
rotation of the contact am shall be determined by a
torque wrench, All electrical connections shall be
checked, The electrical connection between the
rotating contact arm and the winding shall be checked
by connecting an ohmmeter to the armm and one end
teminal, and slowly rotating the contacting arm.
kel3 Load Lifs

Lel3.1 Mount « During this test the resistors shall be
mounted on a four inch square ,050 inch thick steel
panel in still air with their terminals downward.
No shielding shall be located closer than twelve inches
from each panel,

Lel13.2 Test Procedure - Rated nominal wattage shall be applied

to the resistors at an ambient temperature of 85°C,
Power shall he applied intermittently 1-1/2 hours on
and 1/2 hours off for a total of 1,700 hours between
the counterclockwise terminal and the contact arm,
with the contact arm set on the clockwise terminal.
Resistamce measurements shall be made before the
start of this test and periodically at the end of the
1/2 hour off period until 1,000 hours have elapsed.

Lol Salt Spray Corrosion - The resistors shall be mounted

on an aluminum panel and subjected for 100 hours to
the salt spray corrosion test of MIL=STD=-202 (Method
101). At the conclusion of this test the resistors

shall be rinsed and brushed thoroughly with a short

-28-
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Lel5
h.ls 01

L.15.2

Le15.3

Le15.4

L.16
ko161

brigtled brush similar to a tooth brush in clean tap
water, and then permitted to dry for twenty-four hours
at hO'C.

Moisture Resistance

Initial Measurements - The resistors shall have been

measured during Test Group I tests for total resistance,

rotational torque, insulation resistance, and dielectric

streng th,

Exposure - The resistors shall be tested in accordance
with Method 106 of MIL-STD-202, No polariszing voltage
shall be applied.

Final Messurements - With the resistor maint:ined at

the high humidity condition during step seven at the
end of the tenth cycle, resistance and insulation
resistance shall be measured,

Measurements Following Moisture Resistance - The

following measurements shall be performed at room
conditions twenty-four hours after completion of

the moisture resistance test: total resistanoce,
rotational torque, insulation resistance and
dielectric strength,

Rotational Life

Mounting - Resistors shall be mounted by their
bushings and shall be ganged in pairs. The resistors
in each pair shall be connected in series so that

nominally constant current flows through the resistors

-29=
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L15.2

Le17

i

irrespective of the contact am position during the
osclllation of the sheftg, The shafts shall be
conrectad mochanically so that they shall turn

simultaneously in the same direction,

Rotation - A direct current potential equivalent to

that reouired to dissipate rated wattage across the
entire resistance element of the resistors having
the same nomjnsel total resistance then shall be
applied as shown in the Rotational Life Test Circuit,
The resistor shafts shall then be continucusly
oscillated through not less than 98% of the total
mechanical rotation at a rate approximately 20
os~illations per minute for a total of 10,700
oscillations {an oscillation is defined as the complete
traverse from minimum to maximum and return). The
total resistance of the resistors shall be measured
at the end of 5,700 oscillations and at the end of
the test (see paragraph 3.4). Also, at the end of
the test, insulation resistance (see paragraph 3.8)
and Aielectric strength (sece paragraph 3.9) shall be
measured,

Low Temperature Storage - Immediately following the

tests specified in paragraph L.16, the resistors
shall be placed in a cold chamber maintained at a

temperature of -65°C + 2°C for twenty-four hours,
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after vhich they ghall be removed and maintained at
a temperature of 25°C * 5°C for a period of twenty-
At the end of this time the resistors

four hours.
shall be measured for total resistance, insulation

resistance, and dielectric strength,
L.18 Vibration - The resistors shall be subjected to
vibration frequency cycling between 10 and 2000 cps
at an applied amplitude of 060 inches or an applied
aéceleration of 15 Gs, whichever is the limiting value,
The frequency shall be varied logarithmically, and

the entire range of frequencies from 10 to 2000 cps
shall be traversed in approximately 20 minutes. The

vibration shall be for a period of four hours in each
The

of three mutually perpendicular directions.
vibration cycling may be accomplished in two discrete

steps, namely 10 to 500 cps for three hours in each
direction, and 500 to 2000 cps for one hour in each
direction., After this test, total resistance shall
be measured (see paragraph 3.4).

Lel9 Acceleration
Lel941 Mounting - The resistors shall be mounted by their
normmal mounting means on plates affixed to a mounting

fixture which is constructed in such a manner as to
insure that the mounting supports remain in a static

condition with reference to the acceleration tablse,
4,19.2 Procedure - After mounting, total resistance shall
be measured (ses paragraph 3.L). The resistors

«3R-



shall be subjected to a constant aoooleration'of
50 Os for a period of a minute in each of two
mutually perpendicular planes, one perpendicular
and the other perallel > the longitudinal axis of
the resistor shaft. Any physical defects occwrring
during the acceleration may be noted through an
appropriate optical system. After thia‘bnt, total
resistance shall be measured (see paragraph 3.h).
120 Shock

La20,1 Mounting -~ The resistors shall be mountfed by their
normal mounting means, and affixed to a mounting
fixture which is constructed in such a manner as to
insure that the mounting supports remain in a static
condition with reference to the shock table.

Le20.2 Procedure - After mounting, total resistance shall be
measured (see paragraph 3.4). The resistors shall be
subjected to a constant sccelerating shock force of
S50 Gs for 11 * 1 millisecond in each of two mutually
perpendicular planes, one perpendicular and the
other parallel, to the longitudinal axis of the

| resistor shaft, A shock test machine in accordance
with that desoribed in Speciﬁ.c'ation MIL#6-LLS6 (USAF)
nay be used, After this test, total resistance shall
be measured (see paragraph 3.4L)

S.  PREPARATION FOR DELIVERY

Sel Delivery shall be as specified in the Contract,
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6. NOTES
NOTICE

When Govermment drawings, specifications, or other data are

used for any purpose other than in connection with a definitely
related Government Procurement Operation, the United States
Government thereby incurs no responsibility nor any obligation
whatsoever; and the fact that the Govermment may have formulated,
furnished, or in anyway supplied the said drawings, specifications
or other data, 1s not to be regarded by implication or otherwise
as in any manncr licensing the holder or any other person or
corporation or conveying any rights or permission to manufacture,
use or sell any patenteq invention that may in anyway be related

thcmw.
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STANDARD PRODUCTION BQUIPMENT AND
MODIFICATIONS TO STANDARD PRODUCTION EQUIPMENT

There was no standard production equipment permanently assigned

to this contract.

There was a number of special temporary tovols, dies, jigs, and
fixtures used to produce these variable resistors, but they were
sold to the Contractor (Mallory Controls Company) on Plant

Clcarance Case Nr. IND-1-1679 dated January 19, 1962,

In most cases tool, Jigs, and dies were mounted in the appropriate
machine temporarily to make the number of parts needed, These

machines are the property of the Mallory Controls Company,
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