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Variable Wirewound, High Teoperature, Sealed Resistor

James A. Fred

rp Mallory Controls Company

Div. P. R. Mallory & Co., Inc.

Hermetically sealed variable wirewound resistors can be

manufactured using the equipment and processes described in the

complete report.

The design of the sealed variable wound resistor provides

that the completed resistor will be insensitive to most

environments.

Finished units are able to withstand such tests as torque,

temperature cycling, high temperature exposure, load life, salt

spray corrosion, moisture resistance, insulation resistance, low

teuperatutre storage, acceleration, shock, and vibration. The

only unsatisfactory feature of this variable resistor was its

inability to pass the rotational life test in the higher

resistance values wound with .001 inch diameter mire. A

satisfactory solution was never found to this difficulty.

Most of the equipment "sed to make these sealed vatiable

resistors was of standard comnercial design with special jis

and fixture4 attached where needed.
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Detailed drawings, processing data, descriptions, and

drawinga (where neceesary) of all production equipment, floor

space requirements, and a recommended layout of all equipment

will be specified in the complete report to AFSC-ASD (ASROTE)

Wright-Patterson Air Force Base, Ohio.
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INTRODUCTION

The following report represents the results of work done

to develop a high temperature, sealed, wirewound, variable

resistor.

This contract was divided into four distinct phases.

PHASE I provided fort a study of the state-of-the-art, an

evaluation of materials, design techniques, and processes

outlined in various goverrament publicat'*ons, production processes

and techniques, and an approximate cost per resistor." This

phase was successfully com.,leted.

PHASE II provided for: establishment of pilot lines, pre-

production samples to be built and tested and for copies of test

results to be published and distributed. This phase was

partially successful.

PHASE III provided for: aquantityr of resistors to be produced

on tools and fixtures provided by the contractor; also for

inspection and testing procedures to assure adequate quality

production. 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 our sucocsses and failures while working on this

contract.

-1-.



I. THE DESIGN AVID DEVELOPMNT OF A HIGH TEMPERATURE SEALED

WIREOUIND VARIABLE RESISTOR

A, 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 3/4 inch diameter wirewound

variable resistor inserted into the outer case, and a heavy

brass cover was to be soldered in place. Hermetic sealing

would be aided by the use of a high temperature "0" ring

shaft seals and glass sealed terminals.

The reason for chcosing tie indicated materials for use in

fabricatin, the internal parts of the variable resistor are

detailed as followst

1. Wire

Previous experience in the manufacture of wirevound 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 site would have been too

big to be practical with Evanoin or Cupron.
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2, Insulating Materials

An investigation of high temperature insulating naterials

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 silicone glass laminates would operate

continuously at 25'0",. The care strip has to be made of

material sheared at a 450 angle to provide the necessary

flexibility to enable it to be formed inside the small

diameter cup used.

3. Contact Devices

Various materials such as carbon steel, spring brass,

beryllium copper, rlkaloy, and nickel silver .Yere consbldertd

for use as contact arms. INickel silver alloy, number "2"

hard temper, showei the least amount of relaxation after

exps)sure to a temperatdre of 200°C for l,000 hours. A

later investigation shuwied that this material coulA be

improved even more by a twelve (12) hour heat treatment at

25() Or.

)•. Shafts

Three materials, stainless steel, cold rolled steel, and

brass were considered for shafts. Two of the materiais were.

suitably plated to withstand the salt spray test.

-3-.



L4  Shafts

Passivated stainless steel proved to bt, outstanding in

this application. Another consideration hesides the salt

spray tesL Kas the stop torque test. With three turn-

downs in the shaft for "11)" rings, all mat,:rnlls except

stainless steel twisted apart btfore the desired stop torque

was reached.

5. Hermetic Shaft Seals

Several types of hermetic shaft seals were discussed.

Ern,•rirent• were condiicted using berylli,,m copper bellows,

Teflnn shaft seals, met--l to motal e-alis, traphitar seals,

and silastic rubber "0" rings. Thu."O" rirns proved out

to be t~he simplest and easiest to use in manufacturing and

gave satisfactory results in testing.,

6. Inner Casey %ver, and Terminals

It was decided to lake th#e inner case a zinc diecasting.

This design would provide a czse, locating luF, sealing

gland, and threaded mowuxing bushing in one unit. It was

felt that the intricacifs cf the case did not make it

feasible to use a machined or stamp-d prirt. The cover was

to be made of brass wh-ae the terminals were to be made of

cartridge brass. These parts will have a final gold

plating over nickel.



7. OuteifCase aniiCov'er

The ou~ter case and cove~r will be of braa3, made by. Investm~ent

Pasting, buf fed, ni-kal, and gold plated. It was felt that

s4,nco- thi-3 resistor noull be exposvd to a corri.give

The -~tr:s.n-1 finLishes propoge'! iLn th'e previcu~s section

wez-c ubit2 Uw a toItal cf f variabltý resis--tors for

th e Pt- !. n:. ~I c-n t e st uoc,,,r&-. F Pny o f tie-

OLj~*;~::~~:ve!tcu 1e quitle sa-.ifiact.Dr- ;,,iL

sever'al cL-L:o l-oee a;-cas were. never s5uc.es~ifuhiy ovc~r-

att~z~A ~r ~i';c-~ i-,firews

C~e nr.r .~' 3f >3C~ asz)uirze c-f cczýstan, irritationo

4.1- ca,,,e ware urigrinally tooled un -,, a z:*ortl run ,ie,, The

i~t~r~c~f t.sr;;rt inlijc:;es that tnQ dii.- casting started

Off -wAtri ::;1 t'.1~-rj'q iL-ensý.ons Z.-i i ntt but soXdf

many -!imnsion3 began U) fall oift of the print tcJltrance.

AS tAr seror&l dl riji~-.n2 with ti~c vrL, -I -. a

returnedI and a!te Le~zxaminatij- it 4as aecidcd that it

snoull be rt;-tooltd. Si-bsetqucntly,, it wais tVcl.;e w~ith the

7)cwstV .azic'ri cumryq Chlcagiý, I'lincis. This vendor

nccn wai3 inl tuble, First wit-i -.iv. depth of t4-.(- case,,

wnich he cortrectej by building a tkr:L dUe. Next excessive

Lash ias~ found in, vie window that tne ternminals extenled tŽhroujil.

Best Available Copy



1. Conttr,

Also troublesome were pits, blow holes, and cold flow in th#

die cast material. 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. The holes in the bushing prevented hermetic sealUing,

because since the threaded portion extended through the

outer cover air or liquid could enter into the inside of

the control. In addition pits and blow holes in the ID

of the bushing left a rough surface for the. "o" rings to

rctpte agalinst. The next r*Itlt was that the "0" ring

wouli be chewed up after only a few shaft rotAtions. The

vendor wýs n(v,'r able to comil rely elininate pits and

blow holt, in the luzihinj•s. llhýt good parts we had to use

were detailed from a i rre n.mber of parts.

2. AnAthcr source of early trouble in the program was the gold

plating. The gold plating wculd flake off 4ien the variable

resistor was subjected to an elevstefi temperature of 2OO*C

or higher. A test was deve.oped that allowed the sortire

out of the good plating fr~m the bpd. irns test consisted

.if 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, or flaking, then the case

ivould be satisfactory for nroduction use. Pursuing this

matter further, the plating process was examined; and while

no particular flaw could be found causing this type reject,
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2. Con.' d

it war, -ecidel. 4~o have. the plating done by'r a dif fer'nt

venlor, The new vcendcr., PIRDXIIGI,. *ý.LcTpZ__pji.iI;G CZ~:My;

ChICAUýO, I11iir1 316 Was3 EAUe t~o pa a the 300Tt4 Wst

3 a tS f actu-,rAJly vithout reject~a.

3* fj~t~~ diff iculty was the izpnroper clinching of thie ears

OnI *nl yj;Ž . e filure of tne clinching e.,rs to hold

t"-P~ ý7:,i-: Irjrc u1 tý-o inn~er case. ;ihile it was felt

Wrs -v' it. was founi that mv-AurnItilr~ h~z ' to be~

T txpols: were reworked to increa3e the lenguti

~ suier.~r-~ c t~ erto the o)z;-: :!ase was very 7

~f i c .t So01 a T -! i,.'1L us e a isewl r.-:-c ii 5e.

in wat_. vi;A: w~tc the proper :,crk Cx)il t~o dc t.-e

n_-11ering. *" "13~i !"~ rin-7 ule- tne cuter cover. is

-se i t:, i ovi'e 4c.- hI1ev:ist of ~.t1exrtanae-l air iu.rý"ng

.~c*:s rI.. Af;tu:' -~z.se ie cl",a nut i~s drawn

~ccon tnf, wnr'co, complete.-, *Ie seal !,e.tween the

-. ~.~c:ra~ ~Lrcawwere t..-st.eA for l'ubri:!ating the shafIt,.

"r"np, ý!i-r;uni ij co~ll, ;lnri -ear bearin;. bere&use of

t.rCe.tremet oovýrating tenpcratare ranee, .5-5C to 25Vo-, it

wai~ Cj tnfl±, : .ow 7_orn-TL ccpound '0711 wouldi be the

Best Ava.h1e0,1 copy
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6. The insulator strip that is used to insulate the wound core

strip from the die cast case gave some trouble. The .010

inch thick silicone class m terial hA,d an advertised

v.lAtage b1r.vakdown of iOf volts kYr per mrol thickness. This

wou'a( ir.:ic-tc .at a strip .Th) inches tuick woultj with-

stan- LO.: volt T'. T'he strips we 'e.-e receiving were

breaking do-:a. between lOl, ani 2601 volts iC. AIfter

t-;i,:, severa. vendr•s, we were able to find one,

.•C~A Th3ULt , v.. wh03e silicone glass material

7, everal ýru.L3 were ený:ountred wlvh the -windting and

7.1 -r-nblem nimer one concerned the ccrc str-h =,on whieh

tne wire ia.Jt•'a.ni . TiLs is :.striip of si1•cor.e glass

a- roxi ;..y .f) 'i:v.ee th.zk b7 t-o inches long, by

.•,i5. 4.:e 1 0i~e with a ratiius on the top ani bettom uf

S... . . -. ........... .r-. stric, tU,, material

mist be cut on a 45" anrgle from the direction of the weave.

... ri'.:s t. oz.t varied in lc;.gth from over four feet

to one f~cot after which they are nain cut to various

length at our plant., dependine on the wire diameter to be

wounl on (,.:.e strips, to fit the dic cast case. The silicone

jlass is ver7 abrasive so that the cutting tool must be

kc-at sh4irp at all timrs. Anotner difficulty is the cutting

,f i,•:•otc;. at each end of the core strip to anchor the uni

Best Available Copy



7.1 Contm 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.

7.2 Another problem was that of silvering the 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 finally achieved by careful

workmanship.

7.3 It was thought that an improvement could be made if the

wire was cemented down to the core strip on the back side.

A Dow Gorning composition called Silastic V-0 adhesive was

tried but was not satisfactory. Several silicone compounds

were also tried but with limited success. This is more

fully explained in the section under pre-production

toasting.

7.4 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 resistor case but proved

to have other drawbaeks. Many experimental wound strips

were ma&• with the grooved stripe. k~xtreme difficulty was

-9-



7.4 ContI d

experienced in grooving the silicorp glass so a thinner

strip was tried. It was quite difficult to get a

satisfactory radius on the edges of this strip. The

result was that whenever .001 diameter wire was used it

always broke when it went over the edges. Precoating the

.020 thick silicone glass core strip was tried but was

never perfected. There will be a further discussion on

this problem in Ube section relating to preproJuction

testing.

-10-
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RESULIS OF FIRST PRE-?RODUCTION TEST

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

aseembled and subjected to the tests specified by Exhibit

WCRE 56-71. A copy of the exhibit appears in the appendix.

The resistors passed the following tests,

1. Mechanical and visual inspection Gi;.3).

?. Resistance (L).

3. Insilation resistance (4.8).

h•. Dielectric test at atmospheric pressure (e.9.l).

5. Hit:'h temperature exposure (4.12).

6. Stop torque (i..10,2'.

7. Low temperature storage (4.131.

3. Acceleration (k.2,,.

9. Shock (4.21).

1%. Vibration (high frequency) (L.19).

The resistors failed the following tests:

1. Dielectric test at reduced atmospheric pressure (4.9.2).

1.1 All of eighty resistors failed to pass this test

because the voltage arced over the nermetic

terminals.

1.2 After checking with the manufacturer of the hermetic

terminals, it was determined that the terminals were

not meant to withstand a sine wave potential of 550

volts RM at a reduced pressure of 2.1 inches of

mercury (absolute).

-iLL-



1.3 ohangs in speciications was requested for this

requirement.

2. Rotational torque (h.1C.1)

2.1 Forty out of eighty variable resistors failed to pass

the 1.5 inch ounce minimum torque specified.

2.2 A change in specifications was requested for this

requirement.

3. Temperature cycling (4.1i).

3.1 Thirty-four out of eighty variable resistors

exceeded the 1 per cent pT;manent change in

resistance allowed by the specification. A cnsr'ge

in the type resi~tince wire used was to be considered

as well as asking for a change in the specification

for this requi-eynent.

L. Low temperature ecposure (4.13)

4.1 Eight out cf eighty resistors exceeded the 15 inch

oui•.e limit on torque specified after one hour at

-6:" C.

4,2 Thirteen out of eighty resistors were open or

intermittent at the end of the low temperature cycle.

4.3 Since the torque at room temperature was too low and

the grease used to lubricate the shaft was the beat

known available lubricant, it was decided to ask for

a change in specifications.

5. 1000 hour load life (4.14)



5.1 Seventeen out of twenty resistors tested exceeded the

1 per cent change in resistance allowed by the

specification.

5.2 It was decided that different types of wire ahould be

investigated to see whether cr not this condition

could be irrproved.

6. Salt spray corrosion (4.15).

6.1 All twenty resistors tested showel signs of corrosion.

6.2 This ccrrosioci was not considered detrimtntUl to 1he

oneration of the variablc resisters.

7. Moisture resistance (4.16)

7.1 Sixteen of the twenty resistors exceeded the 1 per

cent change in resistance a~lowed by the 4ecific;tion.

7.2 A change ir wire type was to be investigated.

8. Rotational life (4.17)

8.1 Seventeen out of twenty variAble 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 asauped that the wire had wrn

through and that less contact pressure would affect

an improvement.
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RF.iULTS OF SECOND PFR-PRODUCTION TEST

As a result of so many failures during the first pre-production

test a conference was held between Mallory and government

representatives. It was decided that Mallory would re-write

the specification using the beat available informatton that would

provide for good variable resistors. ', copy of this specification

is found in the appendix.

After the specification was accepted by both interested parties,

forty samples each of Y) ohm and 2'),OY ohm variable resistors

were assembled and sJihected to pre-production testing. The

resistors passed the following testst

1. Mechanical and viiual Inspection (L.3)

2. Total resistance (U.L)

3. Minimum resistarce (L.6)

It. Insulation resistance (h.7)

•. TDielectric strength (L,8)

6. Rotational torque (L.9.l)

7. Temperature cycling (4.1C)

8. Salt spray corrosion (L.lJ)

.9. Moisture resistance (4.15)

1C. Low temperature storage (L.]7)

11. Vibration (high frequency) (G..18)

12. Acceleration (4.19)

13. Shock (4.20)



As you can see, a change in some of the specifications a0lowed

the variable resistors to pass more of the tests than had passed

during the previous test program. There were still many

categories of failures that were either the same an before or in

different tests. The variable resistors failed during the

following tests:

1. Resistance Taper (4.5)

1.1 Three out of forty of the ten ohm resistors failed

to pasD at the 30 per cent rotation point.

1.2 Twenty-nine out of forty of the 20,000 ohm resistors

failed to pass at the 30 per cent rotation point.

1.3 One ont of forty 20,900 ohin resistors failed to pass

at the 50 per cent rotation point.

1.L Eight out of forty 20,000 ohm resijtors failed to

pass at the 100 per cent rotation point.

2. High temperature exposure (L.11)

2.1 Two out of forty 20,000 ohm resistors exceeded the

S per cent change allowed in overall resistance.

3. Stop torque (4 .9.2)

3.1 Three resistors out of eighty failed to pass the six

inch pound stop torque test.

4. Low tsmperature exposure (L.12)

4.1 Seven resistors out of eighty exceeded the eighteen

inch ounce limit.

5. Load life (4.13)

5.1 Two resistors out of ten 2),0C00 ohm resistors exceeded

-15-



the 5 per cent change allowed in overall resistance.

6* Dielectric strength after rotational life ( .16.2)

6.1 One 10 ohm resistor failed to pass this test.

7. Rptational life (L.]1)

7.1 Four out of ten 10 ohm resistors failed to pass this

test.

7.2 Ten out of ten 20,->0 ohm resistors failed to pass

this test.

Most of the failures could be easIly explaired and more care in

manufacturing would resnlt in getting all good resistors.

However, the rttational 11fe test was so dismal thAt a

development program was startel tc see *.ether or not resis 4 crs

Loull be male tha' would ýAss the rotational life tett. Items

to be investigated were as follews:

2. Varicus types of lubricants were -. be tried on the wire.

2. The lergth of the core striD was to be adjusted so that the

ceil would be forin. c into a true radius when pushed into the

Cup.

3. The uptimum contact pressure was to be determined.

.. An attempt Pould be made to reduce the wear on the grcund

ring.

5. 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 idres to the

core strip. It was felt tivit this was one reason why the

-16-



wi.res broke during the rotational life test.

6. The use of thinner core strip material was to be investigaged.

It should be pointed out that the rotational life problem

primarily concerned the 2),OO') ohm variable resistor which

is wound with .rOl inch diameter nichrome wire. The

following discussion relates only to this resistance value.

A discussion of the work done on each of these items

follows:

1. Some lubricants obtained were Cosmolube 615, Dow

Corning DC5, DC6, and DW11. After several tests, it

was decided that Drll had the best all around

characteristies for this purpose. Uses for this

lubricant include rear bearing, shaft, "10" rin s, and

busIhing, and wire. It has excellent high and low

temperature characteristics.

2. Much work was done on getting the coil to fit into

the cup in a true radius. It was fiiklly 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, me decided to do all our

work on the length of the core strip. A satisfactory

compromise was then made.

3. The optimum contact pressure was experimentally

detarmined to be 25 grams, so a limit of 20 to )30 grams

was decided on for production use.

4. The pressure on the ground ring was reduced by moving
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the ,,C" ring out .005 inches on the shaft. This

seered to give a satisfactory wear pattern to the

groun,'i ring.

5. Work was carried on intermittently for two months to

try and find a satisfactory way to coat the wiremound

core with a silicone resin. At least five different

silicone formulations were tried. Three different

met1cyls of application were tried.

These were painting it on with a paint brush,

dipping t e strip, and spraying 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 hold the wire in place. The strip

was sprayed on one side and air dried. The area where

the contact arm ran was masked off and the coating

sprayed on and air dried. Ihe wire was then wound on

the strip and baked to completely cure the resin.

This process was difficult to control and a satisfactory

coil was obtained only part of the time. The few good

coils thst were run on rotational life were completely

successful.

6. The use of thinner core strip material was investigated.

The only advantage was the ease with vhich it could be

formed into the cup. The drawbacks to the thinner

core strip made it difficult to use. Being only .020
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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 mar, coils where

it went over the edges. During this period of

experimentation, the th~n core strip could show no

advantage over the grcoved thicker core strip.

Even with the imnrcvepents outlinied above, 100 per

cent reliability could npver be attained. On one

trial run ccmp2.ete success might be attained while on

the next trial run all the resisters miht turn out to

be failures.

It was felt that our prmcess could not be considered a

success if we could not get repeatable rrsults. For

this reascn we nevtr ccmpletely solved the rotational

life problem on the 2qrqQ orm variable resistors.
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EXHIBIT WMRE 5641'
18 OCTOBER 1958
AS AMENDED 10 DECEKBE 1956
PR NR M8-MRP..603S

1. SCOPE

i.1 Qeneral - These requirements cover a variable wire-

wound sealed resistor of the high temperature type,

for use in electronic equipment. These requirements

relate to a 2 watt, 3 to 25,000 ohms with a

tolerance of 1) per cent suitable for continuous

operation at temperatures from 65"C to *22aC hot

spot. Except for the shaft mechanical drive, all

terminaions to the variable resistors shall be

hermetically sealed. The shaft seal shall be

adequate for the resistor to satisfy all

requirements of this exhibit.

2. APPLICABLE PUBLICATIONS

2.1 The following publications of the issue in effect

on date-of the invitation for bils shall form a

part of this exhibit to the extent specified

herein,

STANDARDS

MILITARY

MIL-STD-202 Test Methods for.

Eleotronic and Electric

Component Parts

-1-



3. REQUREFMS

3.1 The requirements of this exhibit are detailed only

to the extent considered necessary to obtain the

desired objectives. The design, construction and

assembly techniques of the variable wirewound sealed

resisucrs shall be such as to facilitate quantitr

production reproducibility at reasonable cost. The

material and mechanical assembly used in the

constructicn of the resibtors but not specified in

detail shall be of the quality consistent with the

proposed and specified perfcrmance of the article.

Rpsistors shall be manufactured and processed in a

careful and workrranlike manger in accordance with

good design and practice.

3.2 Preprodtion Samples - Forty (ho) of the three

ohm resistors and forty (4$)) of the 25,00 ohm

resistors shall be subjected to the tests outlined

in Table I by the manufacturer and shall have

satisfactcrily met the requirements of this exhibit

prior to delivery of the resistors called for in

the contract.

3.3 Test Bata - Test data covering the preproluction

hamples submitted to the tests of Table I shall be

approved by the Government prior to delivery of

the resistors called for in the contract.
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3o4 Total Resistance - The total resistance shall be

within the specified tolerance of the nominal

resistance, which shall be available from 3 to

25,000 ohms. The mechanical rotation in degrees

for the resistance element shall be from 280" to

305. The total effective electrical rotation

shall be at least 280".

3.5 Mechanical and Visual Inspection - Resistors shall

be of the design, construction, and physical

dimensions specified. See Figure 1.

3.6 Resistance Taper - The angle at which arr percentage

of total resistance is effective shall be within

± 5 per cent of the total meohanical rotation of

the specified position.

3.? Mini•tmm Resistance - The minimmu 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

nominal resistance, and 0.2 per cent of nominal re-

sis"ance for nominal resistance values of more than

250 ohms.

3.8 Insulation Resistance - The initial insulation re-

sistance shall not be less than 100 mesgoum (See 4.8).

3.9 Dielectric Strength - The resistors shall be capable

of withstanding the application of the test potential

without damage, arcing, or breakdown.

3.10 Tq,
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3,10,1 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 oume-inchese

3.10.2 Stop - Thst resistors shall withstand the six pound-

inch stop torque without damage.

3.11 Temperature Cycling - The resistors shall be capable

of withstanding tht temptrature cycling without

mechanical injury, and the peimanent change in total

resistance shall not exceed 1 per cent as a result

of the cycling (See L.ii).

3.12 Low Temperature Exposure - The torque required to

effect rotation of the contact arm during the low

temperature exposure test shall not exceed 15 ounce

inches. The permanent change in resistance shall

not exceed one (I) per cent. Electrical conrections

shall not be adversely affected and rivets shall

not loosen. The movable contact arm shall make

uniform electrical connections with the winding.

3.13 Load Life - The cranre in total resistarte of the

resistors shall not exceed 1 per cent as a result

of the life test specified in 4.14.

3,14 Salt SLy Corrosion - Resistors shall show no

maried corrosion; and shall show no disturbance of

the ground connection to the mounting panel as a

result of the corrosion test specified in 4.15.

3015 Moisture Resistaanee - The total resistanoe shall
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not change more than 1 per cent and insulation re-

sistabee shall not be less than ten (10) megohms,

ihen tested during the moisture resistance test.

3.16 Rotationg 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#0Y00 cycles of rotation.

3.17 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 3.4.

3.18 Vibration - After subjection to conditions of

vibration as outlined in paragraph 4.19, 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.

3.19 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 electrioal damage.

3.20 Shock - When resistors are tested as specified in 4.21

the change in resistance shall not exceed 2 per cent

nor shall there be arr evidence of mechanical or

electrical dmmage.



TABLE I

v, dction ApTroval Tet

Test No. of Failures
Test Paragrapl Allowed

Test Group' I - All Se les (40o)

Mechanical and Visual Inspection h.3
Resistance 4.4
Insulation Resistance 4.8
Dielectric Test 4.9 0
Torque 4.10
Temperature Cycling 4.11
High Temperature Exposure (22CC') h.12
Low Temperature Exposure h.13

Test Group II (10 Samples)

Load Life h4.1 4
Salt Spray Corrosion h.15
Stop Torque 4.iO 3*

Test Group III (10 Samples)

Moisture Resistance 4.16

Test Group IV (10 Samples)

Rotational Life 4.17
Insulation Resistance 4 .8
Dielectric Test 4.9
LoX Temperature Storage 4,18

Test Grou V (10 Samples)

Acceleration 4,20
Shock h.21
Vibration (high frequency) 4.19

* One (1) failure is permissible in each of Test Group IIU III,

IV, and V with no more Uman a total of three (3) failures for
all test groups combined.



4. INSPECTION AND TEST PROCEDURES

4.1 Geozral - The resistors shall be subjected to the tests

specified herein in Uhe order shown to determine

compliance with requirements of this exhibit.

4.2 Standard rest Conditions - Unless otherwise specified

herein, all measurements and tests shall be performed

at 25 t 5* and at room ambient Oressure, and humidity.

4.3 Mechanical and Visual InspfYction - The resistors shall

be inspected to verify that their physical dimensions

are as specified and workmanship is satisfactory.

(See Figure 1).

4h.4 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 the total resistance measurement shall be

accurate to within ± 0.5 per cent.

h.6 Resistance Taper - Following the measurement of total

resistance, resistance measurement shall be made at

ten (1O) per cent intervals of dffective 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 1; both for

tapers "A" and "C".

4.? M RpIstance - The contact arm shall be rotated

to its extreme oouinterclockwise limit of rotation.
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With the arm in this position, the resistance between

the counterclockwise terminal and the rotating con-

tact terminals shall be measured. The contact arm

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 contact terminal shall be measured.

4.8 Insulation Resistawre - The insulation resistance from

the contact-arm terminal to the mounting bushing, and

from the resistance element terminals connected

together to the mounting bushing shall be Ieasured.

All measurements shall be made using a direct current

potential of approximately 100 volta.

4.9 Dielectric Strength

4 .9.a Atmospheric Pressure - A sinew-wave test potential of

900 volts rms from an alternating current supply at

commercial line frequency of not more than 100 cycles

per second shall be applied from all terminals to the
a

bushing for one (1) minute with the contact arm set at

the extreme counterclockwise position.

4.9.2 Reduced Pressure - A sine-wave test potential of 550

volts RKS 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 a

period of one (1) minute at a pressure of 2.1 inches

of mercury (absolute)# with the contact arm set at the

extreme counterclockwise position.

-9-



410.l Torque

4L1&.1 Rotational - The tQrque required to rotate the contact

arm on the resistance element shall be determined

throughout the entire range under standard conditions

of tmperavture and humidity, (Paragraph 4.2)

4.10.2 t - Upon completion of the tests in Test Group IIp

the contact arm shall be rotated to both extremes and

the samplos shal2 withstand a torque of not less than

six (6) pound-inches applied to the control shaft.

4.ll Temperature Cycling - Resistors shall be subjected to

the temperature cycle shown below for a total of 5

cycles performed continuously, 1 cycle following the

other. Resistors shall be hold 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 4.13 to be conducted. The rate of temperature

change within the climatic chamber shall be not less

than 20C (3.6,F) per minute. The resistors may be

transferred 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 minutes between

exposure to the extreme temperatures. The total
j

resistance shall be measured (Paragraph 4.1) before

cycling and after tkI fifth cycle. After each measure-

ment of total resistanoee the resistance between

the contact arm at the low resistance end

M10-



of the taper and both element. terminals shall also

be ascertained.

TUMHR&TURE CYCLE;

Degrees Degrees

Start at 25 77
Reduce to -65 -67
Return to 25 77
Rise to 85 185
Return to 25 77

4.12 High Temerature ExpoU re - Resistore shall be placed

in an oven at room temperature. The temperature of

the oven shall then be elevated gradually to ?25*C.

The period of the transition from rocm temperature

to the 225*C temperature shall be accomplished in

not more than forty-five minutes. The resistors

shall then be conditioned at 225"C for a period of

two (2) hours, They shall then be allowed to cool

gradually to room temperature. The resistors shall

be measured for total resistance (see ,.0) before and

at the conclusion of this test.

4,13 " Low Temperature •sure - Resistors shall be maintained

for one hour at the minimum temperature of -65"C of

b the last cycle of paragraph 4.11. At the end of one

hour, the torque necessary to effect rotation df the

contact arm shall be determined by a method satisfactory

to the agency concerned. All electrical connections

shall be checked. The el,,trihal oonnection between

the votating contact arm and the winding shall be



checked by conn-actinp an obeter to the arm and oM

end terminal and slowly rotating the contact arm*

h.l14 Load Life

4.*4.l Mounting - During this toot resistors shall be mounted

on a 4 inch square, 0.050 inch thick# steel panel in

still atr with their terminals downward. No shielding

shall be locnted closer than 12 inches from the Papal.

4.1h.2 Test Procedure - Rated nominal wattage shall be applied

to resistors at an ambient temperature of 850C. Power

shall be applied intermittently 1-1/2 hours on and

1/2 hour off for a total of i,#000 hours between one

of the terminals and the contact arm with the contact

arm set so as to introduce the total resistance.

Resistance 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.

h.15 Salt-Spry Corrosion - Resistcrs shall be mounted on

an aluminm panel and subjected for 100 hours to the

salt-spray corrosion test of MIL-STD-202 (Method i01),

At the conclusion of this test the resistors shall be

rinsed thoroughly in clean tap water and then permitted

to dry for 24 hours at 40)C,

4.16 Moisture Resistance

4.16.1 itial Measrmawnte - Resistance shall be easured at

room conditions (See 4.7).

4.16.2 Rxeosure - Resistors shall be tested in accordance idth

Method 106 of MIL-STnD.202, No polarisirg voltage shall

be applied. -12-



4.16.3 F19M K uemests - With the samples maintained at

the high humidity condition during step seven at the

end of the tenth cycle. resistance and inaulatiod

resistance shall be measured.

.16.*4 Meaeuraents Following Moisture Resistance - The

following measuremnts shall be Nwrformed at room

conditions after completion of the moisture

resistance test, total resistance, torques insulation

resistance, and dielectric strength.

4.17 Rotational Life

4.17.1 MOunting - Resistors shall be mounted by their bushings
a

and shall be ganged in pairs. The resistors in each

pair shall be cpnnected 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

simultaneously in the same direction.

14c,, 7. , ,-6Hr - TE ,r ,

SDR 7CT/,e/V Af If.A77 /)A)

D.C. •UPPI Y
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h.17.2 Rotation - A direct current potential equivalent to

that required to dissipate rated wattage across the

entire resistive 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

mechanical rotation at a rate of approximately 20

oscillations per minute for a total of 25,000

oscillations ( an oscillation is defined as the

complete traverse from minim=u to maximum and return).

The total resistance of resistors shall be ascertained

at the end of every 5,,0n oscillations.

4.18 Low Temperature Storage - Immediately following the

tests specified in paragraph 4.9, the resistors shall

be placed in a cold chamber maintained at a temperature

of -65 ± 2"C for twenty-four (2L) hcur., after which

they shall be removed and mwintained at a temperature

of 25 t 5°C for a period of twenty-four (24) hours.

4.19 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 l5gj whichever is the limiting valueo

The frequency shall be varied logarithmically, and

the entire range of frequencies from 10 to 2000 cps

shall be traversed in apnroxiaately 20 minutes.



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 500 to 2C¢C, cps for one hour in cach

direction.

4.20 Acceleration

4.20.1 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 su-pports remain in a static condition with

reference to the acceleration table.

4.20.2 irocedure - After mounting, total resistance shall be

measured. Resistors shall be subjected to a constant

acceleration of 50 gravity units (g) for a period of

a minute in each of two mutually perpemnicular planes,

one purpendicular and the other parallel to the

longitudinal axis of the resistor shaft. Any physical

defects occurring during the acceleration may be noted

through an appropriatd optical system. After this

test, total resistance shall be measured.

4.21 Shock

4.21.1 Mounting - Resistors shall be mounted 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

refeience to the shock table.
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4.21.2 Procedure - After mounting, total resistance shall be

measured. Resistors shall be subjected to a constant

accelerating shock force of 50 g for 11 1 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-4i-56 (US'F) may be used. After this test, total

resistance shall be seasred.

5. PFEPARATION FOR DLLIV•.RY

5.1 Delivery shall be as specified in contract.

6. NOTFS

NCTYICE: When Government drawixws, specifications, or other

data are used for any purpose other than in connection with a

definitely related Goverrnment Prccurement Operations -the

United States Goverrnent thereby incurs no responsibility nor

any obligation whatsoeverl and the fact that the Governrment

may have formulated, furnished, or in anyway supplied the said

drawings, specifications, or other cata, is not to be regarded

by implication or otherwise as in any manrter licensing the

holder or any other person or corporation, or conveying any

rights or permission to manufactare, use, or sell any patented

invention that may in anyrway be related thereto.

Robert F,. Conklin/V. G. Nelson/mfh
WCRWC-l WCREO-1



SPECIFICATION

Resistors& Variables- Wir~murid

Hiab Temeratmue. Sealed

1. SCOPE

1.1 General - These requirements cover a variable

wirewound sealed resistor of the high temperature

type for use in electronic equipments. These

requirements relate to a 5 watt size, 10 to

209000 ohms with a tolerance of 10 per cent

suitable for continuou:a oixratlCri at a temy-

,:*aturc from -65'" to +225"C hot spot. All

electrical terminations to the variable resistors

shall be henretically sealed. The shaft seal

and bushing seal shall be adequate for the

resistor to satisfy all requirements of this

specification.

2. APPLICABLE PUBLICATICN

2.1 The following publications of the issue in effect

on date of the invitation for bids shall form a part

of this specification to the extent specified herein.

STANDARDS

MILITARY

MIL-STD-202 Test Methods for

Electronic and Electric

Component Parts*
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I.

3. REQULRLMNTS

3.1 esiL and Construction - The requiraemnts of this

specification are detailed only to 'the extent considered

necessary to obtain the desired objectives. The

design, construction, and assembly techniques of

the variable wirevound sealed resis trs shall be

such as to facilitate quantity production repro-

ducibility at reasonable cost. The material and

mechanical assembly used in the construction of the

resistors, but not specified in detail, shall be of

the quality consistent with the proposed and

specified performance of the article. Resistors

shall be manufactured and processed in a careful

and urrkmanlike manner in Rccordance with good

design and practice.

3.2 Preprc4uction Samples - Forty (40) of the 10 ohm

resistors and forty (40) of the 21,009 ohm resistors

shall be subjected to the tests outlined in Table I

by the manufacturer and shall have satisfactcrily

met the requirements of this specification prior to

delivery of the resistors called for in the Contract.

3.3 Test Data - Test data covering the preproduction

samples submitted 1o the tests of Table I shall be

approved by the Government prior to delivery of the

resistors called for in the Contract.
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TABLE I

Preproduction Approval Test

Test go. of Failures
Test Paragraph Allowed

Test Group I - All Samples (40)

Mechanical & Visual Inspection 4.3
Total Resistance 4.4
Resistance Taper 4.5
Miniimum Resistance 4.6
Insulation Resistance 4.7 0
Dielectric Strength 4.
Torque (Rotationalý 4.9.1
Temperature Cycling 4.10
High Temperature Exposure 4.11
Low Temperature Exposure 4.22

Test Group 11 - 10 Swoples

Load Life 4.13
Salt Spray Corrosion 4.Ui
Stop Torque 4.9.2

Test Group III - 10 Samples

Moisture Resistance 4.15

Test Group IV - 10 Samples

Rota tional Life 4.16 3*
Insulation Resistance 4.7
Dielectric Strength h.8
Low Temperature Storage 4.17

Test Group V - 10 Samples

Aoceleration 4.19
Shock 4.20
Vibration 4.18

*Or* (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 Total Resistance - The toLal resistance shall be

within a 10 per cent tolerance of the nominal

resistance,, which shall be available from 10 to 20,000

ohms. The mechanical rotation in degrees for the

resistance element shall be from 28W° to 305% (See 4.4)

3,5 Mechanical and Uisual Inspection - Resistors shall

be of the design, constroction, and physical

dimensions specified. (See 4.3)

3.6 Resistance Taper - The resistance taper shall conform

in general shape to the nominal curve shown in

Figure 2. Resistance measurements 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.

3.7 Minimum Resistance - The minimum resistance shall not

exceed 0.3 ohms fcr resistors of 3 to 50 ohms nominal

resistance, 0.5 ohms for resistors of 51 to 250 ohls
6

nominal resistance, and 0.2 per cent of nominal

resistance for norminal resi'tance values of more than

250 ohms. (See 4.6)

3.8 Insulation Resistance - The initial insulation

resistance shall not be loss than 100 megohms (See L.7).

3.9 Dielectric Strength - The resistors shall be capable

of withstanding the application of the test potential

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



3,10 ToMe - The resistors shall meet the following limits

when tested as specified in 4,g9

3*J0,1 Rotational - The torque required to rctate the contact

arm at any position shall be not less than one inch-

ounce nor more than six inch-ounces.

3.10.2 Stop - The resistors shall withstand the six inch-

pounds stop torque without damage.

3.11 Temperature Cyling - The resistors shall be capable

of withstanding the temperature cycling without

mechanical injury, and the permanent ch.rnge in

resistance shall not exceed 5 per cent as a result

of the cycling as spccified -in h.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 0.]l)

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 5 per cent, 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 4.12)
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3*14 Load Life - The change in total resistance of the

resistors shall not exceed 5 per cent as a result of

the life test specifiedin 4.13,

3.15 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 4.14.

3.16 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 &.15.

3.17 Rotational Life - Resistors shall not have a permanent

change in resistance in excess of 5 per cent nor shall

Sproper contact between resistance elements and

rotating arm be broken as a result of 10,000 cycles

of rotation as specified in L.16#

3.1e Low Temperature Storage - After being subjected to the

low temperature storage test as specified iq paragraph

4.17, the resistors shall meet the requireiwnts of

paragraph 3.4.

3.19 Vibration - After subjection to conditions of vibration

as outlined in paragraph 4.18, 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.
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3.20 Acceleration - When resistors are tested as specified
J

in 4.19, the change in resistance shall not exceed

2 per cent, nor sh~al there be any evidence of

mechanical or electrical damage.

3.21 Shock - When resistors are tested as specified in

4.20, the change in resistanoe shall not exceed

2 per cent, nor shall there be any evidence of

mechanical or electrical damage.

4. INSMCTION AND TEST PROCEDURES

4.1 General - The resistors shall be subjected to the

tests specified he re in the order shown to determine

compliance with the requirewents of this specification.

4.2 Standard Test Conditions - fnless otherwise specified

herein, all measurements and tests shall be performed

at 25" t 5"C and at room ambient pressure and humidity.

0.3 Mechanical and Visual Inspection - The resistors shall

be inspected to verify that their physical dimensions

are as specified and that the work is satisfactory.

See figure 1 for dimensionrs.

4.h Total Resistance - Total resistance of the resistors

shall be measured with the contact am set at the

extreme counterclockwise position. The instrument

used to perform this measurement shall be accurate

to within ± 0°5%°

4.5 Resistance Taper - Following the measurement of total

resistance, resistance measurements shall be made at

30, 50, 70, and-400 per cent of electrical rotation*



Per cent of measured resistance versus per cent of

electrical rotation shall be determined from the

values obtained. The resistance tapers derived

shall conform in general shape to the nominal

curves shown on figure 2, both for tapers "A" and

"11CI?.

4.6 Minimw 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 arm 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.

4.7 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.

4.8 Dielectric Strength.

*o81 Autmospheric Pressure - A sine wave potential of 900

volts RMS# from an alternating current supply at

commercial line frequency of not more than 100 cycles

per semnd, shall be applied from all terminals tied

together to the mounting bwshing for a period of one

minute.
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" 4,e,2. Reduced Pressure - A sine wave test potential of 250

volts R•2 from an alternating current supply at a

oomoreial line frequency of not more than 100 cycles

per second shall be supplied as in paragraph 4.8.1

for a period of one minute at a pressure of 2.1

inches of mercury (absolute).

4*9 Torque

4.9.1 Rotational - The torque required to rotate the contact

arm on the resistance element shall be determined

throughout the entire range of rotation.

4.9.2 Stop - Upon completion of the tests in Test Group II,

the contct arm shall be rotated to both extremes and

the samples shall withstand a tornue of not less than

six inch-pounds applied to the control shaft.

4.10 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 hoMr in order to permit the test of

paragraph 4.12 to be conducted. The rate of

temperature change within the climatic chamber shall

be not less than 2"('. (3.6*F) per minute. The

resistors may be transferred from one chamber to

another, in which case they r:hall be kept at room

temperpture for not less than ten minutes and not more
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than 15 minutes between exposure to the extreme

temperature. The total resistance shall be meaured

(paragraph 4.3) before cycling and after the fifth

cycle. After each measurement of total resis tance#

the resistance between the contact arm at the low

resistance end of the taper and both element

terminals shall be measured.

TEMPERATURE CYCLE

Degrees C Degrees F

Start at 25 77
Reduce to -65 -67
Return to 25 77
Rise to 85 185
Return to 25 77

4*l1 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

2250c. temperature shall be accomplished in not more

than forty-five minutes. The resistors then shall be

conditioned at 2250e 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 4.3) before and at the end of

the test.

4.12 L Temperature Exposure - The resistors shall be

4' maintained for one hour at the minimum temperature

of 65"C of the last-cTcle of paragraph 4.10.
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At the end of one hourp the torque necessary to effect

rotation of the contact arm 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 ohmster to the arm and one end

terminal, and slowly rotating the contacting arm.

4.13 Load Life

4,13.1 Mounting - 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.

4.13.2 Test Procedure - Rated nominal wattage shall be applied

to the resistors at an ambient temperature of 856C.

Power shall be applied intermittently 1-1/2 hours on

and 1/2 hours off for a total of i,fOO hours between

the counterclockwise terminal and the contact arm,

with the contact arm set on the clockwise terminal.

Resistance 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.

4.U4 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 and7 brushed thoroughly with a short
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bristled brush similar to a tooth brush in clean tap

water, and then permitted to dry for twenty-four hours

at 40)c.

4.15 Moisture Resistance

415.1 Initial Measurements The resistors shall have been

measured Auring Test Group I tests for total resistance,

rotational torque, insulation resistance, and dielectric

strength.

4.15.2 Exposure - The resistors shall be tested in accordance

with Method 106 of MIL-STD-202. No polarizing voltage

shall be applied.

4.15.3 Final Measurements - With the resistor maintnined at

the high humidity condition during step seven at the

end of the tenth cycle, resistance and insulation

resistance shall be measured.

4.15.4 Measurements Following Moistare Resistance - The

following measurements shall be performed at room

conditions twenty-four hours after completion of

the moisture resistance test: total resistance,

rotational torques insulation resistance and

dielectric strength.

4.16 Rotational Life

4.16.1 Mounting - Resistors shall be mounted by their

bushings and sball be ganged in pairs. The resistors

in each pair shall be connected in series so that

nominally constant current flows thruugh the resistors

-29-



irrespective of the contact anm position &iring the

oscillation of the shifts. The shafts shall be

connee-ael mechanically so that they shall turn

simultaneously in the same direction.

4.16.2 Rotation - A direct current potential equivalent to

that reiuired to dissipate rated wattage across the

entire resistance element of the resistors having

the same nominal 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

oscillations per minute for a total of 101,000

oscillations (an oscillation is defined as the complete

traverse from minimum to maximur' and return). The

total resistance of the resistors shall be measured

at the end of 5,)OO 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 dielectric strength (see paragraph 3.9) shall be

measured.

4.17 Low Temperature Storage - Immediately following the

tests specified in paragraph 4.16, 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 ihich they shall be removed and maintained at

a temperature of 25"C ± 5'C for a period of twenty-

four hours. At the end of this time the resistors

shall be measured for total resistance, insulation

resistance, and dielectric strength.

4.18 Vibration - The resistors shall be subjected to

vibration frequency cycling between 10 and 2000 cps

at an applied amplitude of *960 inches or an applied

acceleration 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 approcimately 20 minutes. 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 500 to 2000 cps for one hour in each

direction. After this test, total resistance shall

be measured (see paragraph 3oL).

4.19 Acceleration

4.19.1 Mounting - The resistors shall be mounted by their

normal 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 table.

4*19.2 Procedure - After mountingp total resistance shall

be measured (see para1'aph 3.1). The resistors



shall be subjected to a constant aooeleration of

50 Go for a period of a minute in each of two

mutually perpendicular planes., one perpendicular

and the other parallel t% the longitudinal axis of

the resistor shaft. Any physical defects occurrig

during the acceleration may be noted through an

appropriate optical system. After this test, total

resistance shall be measured (see paragraph 3.4)9

4. 2 0 Shock

4 020.1 Mounting - The resistors shall be moun*e4 by their

normsa 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.

4.20.2 Procedure - After mounting, total resistance shall be

measured (see paragraph 3,4). The resistors shall be

subjected to a constant accelerating shock force of

50 Gs for 11 ± 1 millisecond in each of two mutually

perpendicular planes, one pt.rpendicular and the

other parallel, to the longitudinal axis of the

resistor shaft. A shock test machine in accordance

with that described in Specification HILA6-456 (1.A1)

mq be used. After this test, total resistance shall

be measured (see paragraph 3.4)

5. MtPARATION FOR DIL.IW

5.1 Delivery shall be as specified in the Contract.
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6. NOTES

NOTICE

When Govermaent 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 Government may have formulated,

furnished, or in arWrway supplied the said drawings, specifications

or other data, is not to be regarded by implication or otherwise

as in any manner licensing the holder or any other person or

corporation or conveying any rights or permission to manufacture,

use or sell any patented invention that may in anyway be related

thoreto.
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STANDARD PRODUCTION EQUIPMWT AND

MDDIFICATIONS TO STANDARD PRODUCTION EQUIFHENT

There was no standard production equipment permanently assigned

to this contract.

There was a number of special temporary toola, dies, jigs, and

fixttxres used to produce these variable resistors, but they were

sold to the Contractor (Mallory Controls Company) on Plant

Cloarance Case Nr. IND-4-1679 dated January 19, 1962.

In most cases tool, jigs, and dies were mounted in the appropriate

machine temporarily to make the nuumber of parts needed. These

machines are the property of the Mallory Controls Company.

3-5-
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