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	 Rai Temperature tests of Ball Nut Load Screws

Obifot of Teat

This series oaf tests was performed as a I:cc:1183mm . study of the performanoe
oharaotoristlom at the ball nut lead serew. This type lead screw is ieeorpor-
ated in the YMO-342 In and the MC-172 In. Of spode.' interest vas an
evaluation at several different wipers, designed to serve as an Jos remover
for the lead screws. These wipers were considered important slew it was
realized that am. exiess of moisture in the ball race or in the ball return
tube could cause serious difficulty if a freezing coalition were to exist.
In this event, the balls could trees, disallowing all ball movement and
hence inoreasing the friction of the mut on the screw by a high factor. It
was hoped that an effective wiper-ball mat combination would be found during
the course of these tests.

iligarkat42

This test was requested by Division 1332 in a Work Order Authorlastiwidated
March 4, 1553. Mr. H. Tebbon was the consultant.

Asi.kbagaikaijadjusue
The MG-172 was used as the vehicle for the initial ball nut testis. Some
general information was desired on the bell net lead screw operation at the
usual enviroomental temperature conditions. For these tests, the ball not
was fitted with Teflon wipers, one et sash end of the nut. The Teflon was
designed to assume a 4000 wiping teleramee at approdarsto3,,y -90r. The
differesee in the thermal scedfieleste of expeasion of the Teflon wiper and
the steel lead screw makes this design meeessary. That is, the Teflon
would oontracit sore than the steel, how* would ;Ind on the steel if the
Teflon was net properly designed. Mims hoped that the low friction
vabai—gonorallvy observed with the use of Teflonp.oeuld be used to ad-
vantage as a lead screw viper. To obtain some indication of the offset
of loading the screw, and also to betvOr isolate the cacao of any failure
that sight occur, the unit was operated with and without heelplate at sash
toverature oondition. Typical ailment aced time for these Operatives, whisks
consisted of three insertions and three retsaetions, would
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With heelplate 	 blithest heelplate

Tentperatme Insortion time Oarreat 	 Insertion tine Current
...(11111111.0 	 ..111111.

♦165 5 34/6 5 3-112

+ 75 5 3•/4 5 3-a/4

- 65 &I $ 11.5 12.5

- 90 12 IS 10 36

To depends* the ability of the wipers to miaow Lai tau the serev, a thin
larks f isar was allowed to towns 	 surtase at the morn at both 45 and
40er before the *tit v r ,oppratat. The tint few tests appeared quite
eneeedstel as ths nut wes obeerVed ssrs$ag the semi Glean of the in that
had fined. Time awl ilaireat value* for the rue also looked reasonable, 15
seeenis ter Ineertion eat a etemerstate liesreat.of appniximately 3k45
anguree. Fertheir tests with the **dell IWO* of the her/gate gassed war
of the Titles *ad eVeatuallailtare , the.wipera to keep the bills withia
the nut relatively flee of anistire. After about a half-dosea slosh trial
rues, the yea beams badly jawed; at a 40, ami relllibad Jawed sifter the
temp ratan was ad-mai to -65,. It us Um realised that wipers fab-
rioated froa‘Tetleasiglit, ieet pr 	 "fieiset. It las sledded to test
other plastier WOOS Ileilitietund from otber left Motile materials to
empire with staieleme 'tool 	 *al se 'to detorailee finally It these
plestios should. be fliPtheraae^ ter toe with the lead eater.

itaalkikaminassiAtalia
The jig show la ?lg. 1 azte seed for this part at the test. The various •
wipers ware fitted to the bell art es thew 71g. I. Me rotor, as UNDO
VI motor, eevld drive the *ern- MC awes the an sloe( the fall leolltb of
the lead earn snit home, provide a, wear test for the dittereat wipers. A
reaordiag aster Pre& 4 ,4 'enplifierand pen eater agasurleg the - voltage
drop amass a sheet) Was,lised to sMeitor motor serpent. The Una* required
to rotate the serer Was seatered lir a, tdrque 'wreath ea the eel of the lead
screw as shcnin in Fig. 1.* Two torque wombats were. aids espeeially far this
neassresint, as. 9-inok lead to appeadretely 600 011114110413061111) ant one
5-inch awash Neat to approeiaataly 50 oalee-inehee 	 ). These
wren:Moe utilised strain gegisilket hNd ben Positional ea 	 wend' at a
point of aszimen teattaii1 Areal Nadel, U-320 unive.eal anklyier and a
eagnetie diem* tablet mreillogiaple Were WA for torque-msiesh selikratiest
(a000s*Iished static loading) *ad all toot meeneremeste. All meaaereerents
were lade tress the sal ed the lead softy VII raking onto iso■kplett reiviintiat at
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the lead sera( with the terra wreeek. A graph depleting wreueh strata was
a*tasatiealky scribed during this revolutioh. The average value of this carve
was detersdsed and gemmed with original oilibration data.

Tait measureamate were mate with the *stir* jig stabilised at the following
tesperatarese ♦165. rip 41004 450,, ..100r, 400p, At the two utier
temperatures. Ia. Vaal allowed to feet over the ,length of the lead emit
aortas. and 'as additimail at of 1111111ssiammta were mad*. The messeroments
takes follo►ieg mask wiper isitallatiOn are listed haw. The order of
liatiaeg vaso la pasta. the order of actual tooting. mat Noe. 2
through wave mob at sash temperature usdittos, swept is Doted.
Nuber 3„ was made immediately following **eh wiper inetallatios, and $o. 8
WS made just before Waver disaireembly, fallowing all the temperature teats.

Ximalimmompormat
1. The tor reqUired to ‘lotate the saw theeegb 	 nth. The in motor was

detached fromOho j toi:thiltreeseremest, whisk was take* at roes
temperature, oftlyi •Ilodistair after wiper Installation. •

2. The eta* state MILVOnt required to operate the.usit. As operettas uneisted
of ruemisg thee- nut the''lesgth of the germ three Uses in sea dlreetion.

3. The torque required to turn then resew what the WI NO* elmteh was held
in the emergised poeities.

4. The same measimmest as in No 3 was made, after the wait had bees walled
a minima of ;l5 ereles.

After ise hod bees allowed to fees (at -10, -65, .90'?), the unit was
operated, the sourest reeowded, end the wrap ing ability of the wiper
observed.

6. lee was allowed to rotors at twoperature unditions listed in 5. and the
Urges issistireastat Ne. 3 ws. tibia *Pia.

7. A meseureimest of the torque required to rotate the worm. with the actor
reliCend from the jig.

S. The final neassreneet eas made for 'soh wiper at rocs temperature following
all the to 	 work. ihaseruest 1.. 3 via reputed.

total if different wipers were tooted aaeording to the above. general
Bohm.. These.viperis *In Ude free verieue plastVa earl were deolipsed to
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sista* a dose 	 talesman* at sertaia temperatures* This is a eollidere.
ties. aims the 	 of 	 ios to ash Amities semi sip to

faotor of 10 times 'that et the Steel had sone. 	 list of tint viPere and
the temperature at vide* they mem demigod to wow this sloes teleran*,
mold ineloodes

1. *floe IX 10001 designed for -30,P

2. W►los, fl 10001 dedomi far 4017

3. *len pK 10001 desisted ter -90,

4. 30) *Walesa steal

5. lirlutrak Q desialled fir -40,

6. Ifylatrem a deal/semi for

7y  aylatran A desiggied for .9011`

$. dylatras Od designed for -3 ''

9. Sylatron 0$ desiomed for 40

10. Watson deeigeed for -90 47

11. Lenineted Ytharglas designed for +30,

12. Leeleated 	 411101.1114 for 40"

13. Leadnated Filmastlati designed for -90,

14. teflon dative& far 408Y

15. Tenon desigmed for .40,

16. Team designed ter -90st

17. lis viper

liaimakta
The' torque Ifebseep iisseekissbee, that Immo obtained from measuresmat do. 7
aro plotted in rug, 2 „at isal this aealorminst So. 7 that gave best
ladisatice at the ofitiet of the nee of the diftereen vipers at the (tem
temperature eseditiets). This lee 'aeremet was tabs* atter the motor was
moved tram the Jig, home' repsvoeste the terve leutuiredto Ewe the Mkt

UNCLASSIFIED



807

TOs DINTRINUTION AUG 3 	 s11"4
UNCLASSIFIED aratail 161i

?Moot No. ZULU

on the swot. llestorqns roptired to tura the lead sorer La its bearisgs
loam abookod at ,intoroals tin& hyped to be toa small to um as a oorrootior
factor. As mould be sapittolit, loam& reattops appear for oases
mboa no viper;WV wit* Mit Cow gm; 	 torqus values as viuld
be ompooted • but all the Tition samplaS taUst to operate at the votress
torporaturo ot . 40.7. Tits *Iwo bowls* elsiSsed sad siellbiod the *satire
*Mt to Wotan* jasinalp es is tiers Om at OM 1471. 	 stainlass stool
vipar 'gal* 	

yes
	going to a Matt at	 3$ astias•tasbos at

-9041P'.
Table I lists a oopposits samomay at data colotalaad from 11111011arelli1►1111 lists&
atoms as itanto 2, 50 and 	 Item is not separately manttesol Aim the
differsas 11114111P molt he he Pester theh 10 Pereent or the isles
lista& es 144114 44 The tear is tosiatidera& salt emplaaatery eat will net
be further detailed. to Obtain. 11 :lilt of *ion that still appear wort*

leed eat essesdattemp sat tho melts tabelata& for stateless
stool No stath,toolls 	 stool lore porrealmil with agromost
within IS vereeat) a Ortteriss• That is to aro molatmot not . tortber
madder the utilisation if on wiper that appears to ,havo a greator torque
requirement than stalailamestool, slab* this is the main nano* Amities
were being isaustioloitt tor gstab..ssio' i.e. to mho 	 of the low friction
oaeftleisibagenaralkrostioolitedmith'Abtose materials. Mose vipers
givisif gimpait low solar torque, *ad aurrent feedings would inainees

No. 3 *►sa &signs& for 40"

NO. 6 firlatrea 0 dodger& tor 40,
*0. 10 Itylatroa OlNiftaigned far 79067

No. 11 Latinate& nboorglas psi tor -30117
No. 12 laulaated 1i r tiosissod for -10,

No. 13 Isaisatad Fiberslas dais:sod for -90h'?

To farther sorrow this list doss, so asy eamparo tbosmo attributes site this
results *boss is when the sass vipers were tested to orassreeeat,
No.. 7. V. mote :that' *air Nee. 6 and 1.) appear about as good as stainless
stool. The iblitsieuee is well WI* doss not stand out as a 4osidiag taster.

La a Mull atielft ,,atsalysie, we ass look at the data obtaised free the
aeasareasets 	 Items 1 and II Oakbls 	 goaral
see ladleation Vat' the 	 haw toga morn doon during the swim at
toots sad no longer ewee  the tolennaiss originally spavined. ?Tees *Urns
wares. appose is the !Om snob biers torque yaws toll wing all testis
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iodiA►ting binding classed by viper damage. Thin ere five notable
eneeptiese to these two extreme just seationed. That is to sey, five
of the vipers remained fear latest and retainid a good Warsaw asd
fit throughout the etriel;.of tests. These we Identify from Table II
as Apes Res. 4, to 10, .12, and 3,3. The first of these is the krtaislees
stool. We note-that wiper flea. sad 13 have bees shows to be eatt2taetory
fret, the snalyeAs of all4thier data. Resee, we find these two materials
showiest up twist, They are klAtirea sat laminated Fiberglas. • final
*hob* might be readily ode by sating that two of the Rylatron 0 series
failed under -90'1! test. „This Viva (at 'least as a remelt if this data)
loaves the Ilbaretaa glories as the superior material for slab we. Agate,
however, there is as startling strides.* esstaisell Is any of the data
that , would .Mardi 7ibaer4tulosed Sik plass St ststase. suds lines stain-
less -stool wipers preeirriCate di 	 ,ties is retaining the tolerasees at
all temperatures, they are to be preferred.,

Is passing, it riltiold be Worth main that the ball nat used is this test
traveled the tali UMW at the lead mew al=stelF WACO Um*
The lead *mew and nut Awed little visible 	 ' 	 of their **tended
UN.

4461"fUlATest Condsoted b 	 My R. S. ROO- 6.U.-4,
Original Signed By
B. R. DAUBERT

A1Hs1611.4$1*

Boo. Tables 1 and U, Figs. 1 and 2

Copy tek
U. X. Wells, Jr., 1332
T. S. Morse, 1410
G. C. illelhatiels 1630
w, 	 5513
R. L. Wagar, 1614-4"
G. N. Byrne, 1
J. X. 	 55214. Attu' 5500 Drawing Fils

Approved * R. R. DAUNIRT-1611-1
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Cesparisee deism lame Taboo Beton sal ,cater Ihmunweetest

UM*. Were *11 *04* 	 bele* atter all tests

•t•11. 	 . 	 ' 	 ' ,
1 ,-„s• rowdy* sole sr resestiset zeds

2 - roe resoistiss ards so rseordtes ands

3 22.3 0.33

4 1.0 1.0

5 24 8.0*

6 1.5 1.2

7 .8 91.0*

6 1.9 Idler dsetrered

9 1.2 viper destrered

10 1:11 5.9

11 21.3 1.3

12 1.4 0.5

13 1.3 2.1

U 7.2 1.6

15 9.0 36.0*

16 2.0 	 . 2.4*

17 1.1 7.11

* Iodise** the% the viper had boss setissably shipped or *reeked is
the soiree et the trait
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