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ABSTRACT

The physical properties of aircraft control cables
have been investigated under conditions of test which were
designed to reoroduce the effect of service conditions, parti-
cularly those experienced by Naval alrcraft

- The cable sizes investigated were 1/8" 5/39“ 3/16"
5/16% -and 1/4" diameters with & 7z19 construction, and 3/32“
diameter with a 7x7 construction. The cable materials included
18-8 Stainless Stesl and Br;ghu, Galvanized, Tinned and Lead-
Alloy=Coated Carbon’ Steel. 'The galvanized cables were made . of
wire with various weights of hot galvanizod and electro- galv-
anlzed*coatlngs. Standard commercial cableé lubricants and
special lubricants contalnlng lithium soav grease, mineral oils,
paralkatone neutral base, rust preventive and extra pressure
additives were Suudled. "The effect of " externallv applied
paralketone (AN-C-52) was also investigated.

The fatigue and internal Triction nropertics of cabdle
as affected by corrosion in a salt atmosphere and by tcmoora—
tures -ranging from +160°F tG -65°F ware studicd. The fatigue
properties of cables vere 1nveqt15aﬁ¢d under normal Jﬁboratorv
conditidns with sheaves and loads s1m11ar to those used in air-
craft control systems.

The fatigue tests, in which climatic conditions were
investigatod, worc made with two fatigue meschines on viich the
cables wers loaded by dead weights eaual to 1% of the specified
cable strength and tested »ith hardoned steel Lhenvao haJLjv
diometers 9 ond 12 times the cable diamator. Tie service lond
fatigue tests were made with o large testing machine on which
the cables were loaded by means of hydraulic jacks., GCnble londs
up to 60% of the spwcified cable strength were used in the latter
tests with AN-210 micarta and 24-ST aluminum a alloy shenves hov-
ing diamcters from 12,1 to 28,7 times the cable diamcter.

The relative fatigue properties of aircraft cables
were ovaluated by an imspection of the cables for broken wires
and by determining the romaining strongth of the cables after
various numbers of reversals on tho fatigue machinc.

The internal friction of the cables was determined by
the load necossary to start the cable in motion over hardenad
stecl sheaves while under various tensionsg ranging from 25 to 200
pounds.
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The results of the fatigue tests with 1% londs
sh wed that under uhc soevere corrosive conditions of & salt
atmosphere and’ at ~65°E, 18-8 stainless steel cables were
the most effoétive. ' Service lord fatigue . tests in the ~bsence
of corrodion hrve shovs: that 18~-8 stainloss steel cables had
a-considerably lower:fakigue life, ‘than galvanized carbon steel
cables. Heavy znlvanized cables mere the. best of the carbon’
stecl cablps for cérrosion- fatigue but had the noorest fatigue
life at -65°F.  The tin, lead-hlloyy and light zinc coatings
did not materlallv improve the corro<10n~f9t1gve life of bright
carbon steel cables.

The tinned cables had the léovest interral friction
in the absence of corrosion. Corrosion by salt spray incrensed
the internal frietion of tinned cables and decreased the
internal friction of the heéavy galvanized cnbles. The cont-
inuous flegxing of.the cables during fatigue test in the absence
of corrosion lowered the internal friction of the galvanized
cables but not sufficiently to equal that of the tinned cables.
The internalk friction.of cables incroased with an increage in
cable tension and & decrease in sheave diameter.

‘The fatigue and internal friction of cables wore
improved by the use of.lubricants. The effectivencss of lubri-
cants was dependent unon the temperature ond the wrotection
they afforded against corrosion. Tho commercial cnble lubri-

-cants were affeeted considerably by temperature, whercsas some

of the greascs performed quite vnifornly over the range of
temperatures investigated. Txhernolly applied pﬁrﬂlkotonp

(AY-C-52), "as very effective in vroviding protection agninst

eorrosion bubt became-drittle at —680“ mmd fl~ked off the cable
where 1t bent over a sheave. e

The 'scrvice load trsts with micarts nné 24.-ST ves
i 1di q ated that, for a. given ¢ ablo tension the fatigun llfo TAS
satisfactory nrovlﬂlng the ratio betwcen the sheave ®iameter
and cable dismeter was above a critical amunt., The criticol
sheave ratio incremnsed with the cnble tension. For a 1% load
the critical sheave ratlo for 7?19 gilvorized cables was aporoxi-
mately 10, =md for 10% snd EC'u loads —as approximntcly 20 anAd 2E

espedtively. The relationshin between the visible wire breals

and the average loss in strength was investigated. The relation-
ship between the loss in strength and the number of reversals in
fatigue under various load conditions was algn investigzated for
7x19 galvanized cables.

it
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Abstract D2 3

The fatigue life of 7x7 construction cables with
1% loads was less than thet of 7x19 construction with the
‘same load and sheave ratio.

Tha AN-210 micarta pulleys oporated satisfactorily
under relatively low sorvice loads but under higher loads
. failed by wear, splitting or bearing failures. The 24-ST
sheaves equipped with large ball bearings operated satis-
factorily under loads up to 60% nf the specificd cnble strongth.
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FINAL REPORT

. N.D.R.C. Research Project NR0-15, Contract No. OZisr-lge
THE: CORROSION-FATIGUE FATIURE OF AIRCRAFT .CONTROL CABIES (N-101)
(from Kay 1, 1942 to December 31, Iohk)
From: John A. Roebling's Sons Company
Development  Engineering Laboratory

Repart prepared by: H. J. Godfrey

~ ’ - o

INTRODUCTION

This investigation oﬁ‘thé'physiéal characteristics of
airc;aft ceblas was undertékén by the John A, Roebling's Sons
Company for the CUffice oﬁ-Scien@if?c Regearch and Develooment,
at the request ofi the Névyiﬁbpaftmbﬁt. Naval exporicnce with
18~8 stainless steecl control canlés had not been satisfactory
due to large variations in service life. 4lso, as a result of
the scarcity of 18-8 gtainlcss steél, carvon steeol cable; hod
been ;ﬁbstitutea. The probleﬁ of ﬁéiﬁfaining the carbon cteel
eebles under sovere corrosive conditiong was tnorerore consider-
ed to be acute. It was the purposé'of thi; investigation to
study the corrosion-fatigue lifec of cables and to develom a
carbon steel cable which would be the equivalent of a stainloess
steel cabla, particuiarly in 2 ealt atmesnherec, Tha program

included internal friction tests and fatigue tests as =ffected

by temperatures ranging from +160°F to -65°F,
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The performonce of control ca ables vith loads and

sheaves similar %o those vsed in actnal service conditions . I
was also invedtizated for the "purnose of obtaininZ data which
would be of use in the dosign of alrcraft control systems.
.Thc complete detalls of the investigation have been
reported in the following Progress Reports, vhich are to be ?

congidered a8 the Appendix to the Final Report!

Progress Report Wo. 1 - 0.5.R.D. ¥o. 1137, Serial ¥o, ¥-31, 1
"The Bffect of Imbrication on the Fatigue
Peopertigs of Aircraft Control Cables™

W% No. 2 - 0.5.R,D. Wo. 1525, Serizal ¥o. ¥-83,

' T " "The Iffect of Metallic. Contings an
Inbriconts on the rﬁtlgue Proverties of

Aircraft Cables" . 2o

i J o, "3 — 0.5.R,D. Wo. 1610, Serisl No,.¥=93, -
"The Zffect of Sheave Diameter on the
Patigué -Life 6F Airvcraft Cndloash

u o Nn, ¥ - 0.5,2.D. ‘Wo. IME, Serial Na. ¥=807y
"The Tffect of Metnllic .Goatings and
Inbricants on the Fatigué & Interaal
Friction Properties Of Alrcrxft Cwolc“"

IS S

L " H{n, 5 0.5.R.D. Ho. 4543, Serial Ho. uzg
*4i'reraft Control Cables —“Fntigic Test
lnder Service Loa nds"

¢

L " Fo. 6 - 0,5.R.D. ¥o, 4602 Serial *ro. .x_z,,52
UMiscellaneous meSub - Aireraft Foolcs"

l

The above reworts should be raferred to if spocifiec 4
details relﬁtlng tn this investigation are required. The final
report is a summary of the work included in the progress revorts :

and may be read without reference to the prosgress reports.
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follows:
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Lt. Comdr. V. P. Goépfert, Bureau-of ‘Aeronautics, Navy Dept.

Major F. B. Fuller, Army Air Corps, Wright Field, Dayton, Ohio

kr. J. B, Johnson, Materials Laboratory, ¥right Field, .Dayton; Ohio
Mr, R. R, Moore, Naval Aircraft Factory, Philadelphia, Pennsylvania
Mr. J. L. Manson, American Steel & Wire'Company,New Haven, Conn.

Mr. E. 3. Wellhofer, American Chain & CabTe Conpany, Wilkesbarre Pa.

Acknowledgement 1s made to Dr, J. C Zlmmer and hr C. W.

Bohmer, Jr., and their associates at the Standard Oll Development
Company L&boratorles, for the1r 3551stance 1e‘ﬂevelop1ng a special
lubricant fop_alrcraft cebles.

Acknowleegement is‘alSO'made te Lxr, C. M. Jones, Magager
of Engineeripg, ap& to N’.'A. J. MQrgan, Chief mnglneer, ﬂlre Rone

" Division, John A. Roebling's Sons Company, for thelr COntlnued

assistance and advice.

BXPSRIMENTAL WORK & -

1. PROCEDURE

"'(é) Test Lethods

Three testing machines were constiructed for the cable
fatigue tests. Two of fhese machines were desigred to test in -
accordance with Specification Al-RR-C-43 &hd AN-RR-C-48, and the
third machine wae'designed to permit the testing of cables under
service loads.

A diagrammatic’ view of a low capacity fatigue machire
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is presented in,Figure 1, and a photograph of a michine is
shown in Fignre 2. "This type of machine ¥as used to invesbti-
gate cable materials and lubricants under various climatic
.conditions.

The cofrosion~fgﬁ3gue tests were made by first sub-
l}ecting the cables to a 20% salt spray at 95°F far %’definité
period of time:' They were then removeh’from the salt spray
ané whiie still'ﬁet, placed on a fétigue machine in a rdom
~;vhe"re thé'humidity Waé maintained between Soiaﬁd 90% and the
temperature approximately 75°F, Under these conditions the
cables remained moist during the fatigue test. The low temper-
;fure fatigue teéfé wore made in a cold room in which tho
temperature could be controlled between 7OOF &nd —GSOF. A
photograph of the cold room with the fatisue machine: is prescnt-
ed in Figure 3. The cable loads for the tosts on the low
capacity machines were l% 5f thé specified strength of the
cable, as required by Specifications AN-RE-C-43 and A¥-RR-C-U8,
and the cables were operated over hardeneaisfeel sheaves having
a diameter 9 or 12 times the cable diameter.

A view of the large fatigue testing machine for the
servicé load tests is shown in Figure Y4 and s disgrammatic
view of the hydraulic loading system is shown in PFigure 5. The
pressure on the hydroulic jacks was controlled by fqur Beggs ’
Load Maintaeiners and the largest loading jack had a capacity of

8000 pounds. The large machine was also equipped with auxiliary ;

P



RESTRICTED

5.

apparatus by which the wrap angle could be ad jisted between

Y N t

0 ‘and 90°. "fxccpt for thé:wrap angle tests, all of the
fatigne tests on the low capacity and service.load machines
worc made with a‘ﬁ;agngngle of 90%.. AN-210 ﬁzcgita and 24-ST
aluminum alloy éﬁeaves having ﬁiameters ronging from 12.1 to

28.7 times the cable diameter were used for the service load

tests.,

All of therfp¢igue,machin§s vere .equipped fo toest
8 cables gimqiyfqepusly. Each cable operated oyer.?yo test
s@paves and dyg}icate tests Were.usually'm@d? for.g&ch condition
of test. Thq.ﬁat%gqe life of the 9gb1es wag,evalugt@d by insprct-
ing the cableslf?r broken wires and by determining the.remainin
1

S on

strength of the cable?:after_Yarious numbers oi reverso
the fatigue mach;ne.

The, internal friction tests were conduvcted with hord-
cned steel sheayes on a test frame as shown in Figare h. The
internal friction wag'ngqrmipeé with cableﬁ}oads)rangingAfrom
25 to 20Q pounds and the amount of load neccssery to start a

cable .in metion was used as a nmeasure of the-rslative internal

f;iction of the cables.
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(v) Materials

The cables used in this investigation included the

following general types:

7xlc Preformed Galvan:.ze:"l Carbon Steel

7x19. " .  Tinned Carbon Steel

7x19 . Lead Alloy Coated Carbon Steel
7x19. ! Bright Carbon Steel

7x19 g 18-8 Stainless Steel

<7 L Galvanized Carbon Steel

A number of sizes of cables were tested and included
3/32m, 1/8", 5/32", 3/16%, 1/U4" and 5/16U diameters.. The gal-
vanized cables included wire hot galvanized prior to.final wire
drawing, hot galvanized at final size and ele¢tro-galvanized
prior to final wire drawing. The .cables were furnished for the
investigation by the following manufacturers:

. American Chain & Cable Company. .
American Steel & Wire Company
John A. Roebling's Sons Company

The cables were lubricated with regular commercial cable
lubricants and special lubricants containing lithium soap grease,
mineral oil, paralketong neutral base, rust preventives and an
B.P. additive. These lubricants were either placed in the cable
during manufacture or after manufacture by a special pressure
fitting. The effect of externally applied paralketone (AN-C-52)

4
was also investigated.
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A lise of tue cable lvbricants referred to in this
3 g ‘report is as follows: s
Iubricant A — Standard Commercial Cable Lubrioaht
.Inbricant B — Standard Commercial Cable.lubricant
. Iubricant O, — Stapdard Commercial Cable Imbrieant

Lubricant D — Special Low Temperature Lubrigant,
manufactured by Standard 0il Company,
trade nemc "Beacon Iubricant N-285"

Lubricant H — Special Lubricant containing lithium
" soap grease with a base mineral oil
. . hav1ng a viscosity of approximately

. ROO seconds Saybolt Universal at 100°F,

and coqtalnlng rust preventive and

extrems pressure additives, Monufactured
. by Standard 0il Company of Haw. Jersey,

and designated as "Iubricant N¥o. flihn

Imbricant H-1 - A mixture of 5 parts of. Iubricant 4
and 4 parts of 500 second bage mineral
oil containing proper proporiion of
rust“brevbntivc and ‘extreme prossure
additives. .. . . .

Lubricant L — 45% 500-second minoral oil, plus 55%
paralketone neutral base

Lubricant E was developed by the Standard 0il Develop-
ment Compeny for this investigstion. T
For the service load tests, A¥-210 micmrts nnd 2U-ST f

aluminum alloy sheaves wero used. The grooves in tho 24-ST

ationg but the sheaves were -

-\ (RS

rhaaves conformed to AN-210 gpecifica

fitted with larger boll bearings. A view of the AN-2I0 micpris

and 24-ST sheoves is presented in Figure 7.
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2. DATA
The data has been presented in detail in Progress
Reports 1 to 6. In this final report, data represent ing

the important findings on the fatigue life and internal

friction of cables has been summafized ﬁnder the following
headings!
"a — The Bffect of Materials
b - The Effect of Iubricants
o - The Effect of Load and Sheave Diameter
This data is presented in Figures § through 39 and in Tables

I and II.

3. DISCUSSION OF RESULTS

(a) The Bffsct of Materials

The corrosion—fatigué life of a number of types of
carbon steel cables and an 18-8 stainless steel cable is pro-
sented in Flgure 8. The fatigue life without corrosion was
practically the same for all cables and is repqesentgd by.thg
dotted curve on the graph. The best corrosion-fatigue life
lwas obtained with the 18-8 stainless steel cable and thp,qu}e
made with the wire hot galvanizcd and drawn had the best life
of any of the cqrbon stesl cables. _Thg weight of zinc cosbing
on this cable was cons%dgéably moré than that on any.of the
other galvanized céblos a;dvprobably nccounted for the higher

corrosion-fatigue life. The dright cable had the wnoores
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fatigue life and was not improved to ‘any great extent by the
.. use of tin, or light =eight zinc coatinzs. The lead alloy

coating was in one instance somevhat better than the lighter

zine coatings. F o

From the above results it may be assumad that the
stainless steel cnble is the Dbest for operation in a salt
atmosphere and would be more effective as.the corresion became
.more severe, .

The eﬁfect of the weight of zinc coating on the
corrosion-fatigue life is presented in Figure 9,_whe}e‘it is
shown that the corrogion-fatigus life is improved by the use of
a heavy zinc coatirg, . . . .

Photographs of 18-8 stainless steel, malvarized ond
tinned carbon steel cable after the corrosion-fatigne test are
presented in Figures 10, 11 and 12, and illustrate the relative
effectivoness of the threc types of cable under fatigie whon
corrusion by a.salt atmosphere is present. *

The fatigue propertics at —65°F of warious iypes of
aircraft cables are preseated in Plgure 13. The 18-8 stainless
steel cable was considcerably better than any of the carhon steel
cables at this low temperpture and mey be due to the- stainless
steel maintaining its tovghness at sub-zerdé tomperatures. The
heavy galvanized cable hed the poorest fatigue 1life, which is
probably the result of its high internal friction at -'65°F.

v The: effoct of the weight of zine coating on the fatizue
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life at -65°F is presented in Figure 1M and showslfhatvﬁpe
“atigue life decreases as the"wgight of galvanizing increases.
The above‘corrosion—fgtigue_and low-temperature
fatigue tests were madc on steel sheaves with root diamefers
12 timos the cable diameter and with cable loads equal fq 1%
of the specified cable strength. Fatigue tesis on 18~8istéin—
less steel and galvanized carbon.steel cables with sheavesfand
loads similar to these used in present day aircraft are present-
ed in Pigure 15. The. cable tension was equal to 10% of the
specified cable strength and AN-210 54 micarta sheaves having
a root. diameter 17?l/2 times the qaplc:diameteg,were uscd. .
Under this relatively high load the fatigue lifc of the.18-8
stainless steel. cable was considerably less than that of the
galvanized.carbon steel cable. ‘
The low fatigue life of thg stajinless stcel cable

may be due to its low resistence to concentrated stresses which
has been evidenced in teusion tests. The 18-8 cables always
show a lower tensile strength vhen using drum #rips as compared
to sockets, and b?eak at the tangent point of the drum, vhere-
.as carbon stoel cables dn not show any differonce in stran
when tested by these .twn methods.

. As 2 result of the fatigue tests on the various types
of cable, the choice of cable should bec Getormined by the
cngd;tions of service. The results of the teosts indicate. that

. if salt corrosiop ig.of importance, 18-8 stainless stecl cable
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should be'tﬁe best cablc. Hovever, under heavy loads without
corrosion, = carbon steel cable should be more effective.

The internal friction of aircraft cabies was found
to be affected by the type of material: Since the stresses
in cables increase with an inc¢rease. in the internal friction,
this property has considerable inflilence on the fatigue life
of cables. The internal fridétion -also has a large effect. on
the sensitivity of the control,of aircraft in flight.

The results of internal friction tests at room temp-

‘erature and at -65°F are presented in Figares 16 and 17.7 At

"both conditions of test:the:tinned cable had the lowest: internal

friction.” The internal friction of the galvanized cablas in~
creased as the weight of zinc coating increascd and-the internal

P s . . s n - q = 0
friction of all-the cables was considerably higher at -65°F. than

‘at "room temperature. The increase in the intsrnal friction at

low temperature is due in part to the higher viscosity of the
cable lubricants at this tomperature. The internzl friction vas
also proportional to the cable tension.

The intcrnal frietion of cables was found to change as
they became corroded or were flexzed during the futigue taste.
The offect of corrosion and fatigue aro presented in Pigures 18
and 19, and show that internallfriction of the heavy galvanized

cablc was the highest as-~manufactured and decreased as the

period of corrosion ‘ond number of reversals increased, The internal

friction of the tinned cables increased with corrosion and sfter
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192 hours of snlt spray, vas equal to that of the heavy gal-
vanized cable. The increese in the internal friction of the
tinned cablo wag probably due to the pitting of the wires.
In the absence of corrosion the intornal friction

, of the tinned.cable during fatigue remained practically
constant. The interpal friction of the galvanized cable de-

_ creased somevwhat during'phe fatigue test but was always higher
than that of the tinned cable,.

' Where internal friction is of primary importance, the
choice of cable will be influenced considerably by the expected
service conditions. For normal exposure, a tinned cable would
be desirable if sufficient protection could be provided against
corrosion. In conditions of severe corrasion, the 18-8 stain-
_}ess.steel cable would probably have ghe lowest intcrnal friction
.. properties. The heavy galvanized cable would fnrnish protection

against corrosion but would probably have the highest internal
friction.

T

(b) The Effect of Iubricants

The results of fatigue apd_internal friction tests die~
cussed above were obtained with cables lubricated with regular
commercial cable lubricants. Since regular lubricants arc
affected to a large extent by temperature, several specinl
lubricants were inyestigated for tpe purpose of securing one

which would operatc satisfactorily under all conditions.

et el
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The generel cffect of temperature between _65Q
and +120°F on the fatigue life of aircraft cebles is presented
in Figurs 20, These results show that reguler commercial:cable
lubricants arec-best at room temperature but decrease in effect-
iveness with higher or lower temperatures. The special low
temperature lubricant "DV, however, maintained its lubricating

value over the complote-range.of temperatures investigatod. The

‘cable with no lubricant had,relatively low fatigus properties.

Of the three commercial cable lubricants investigated, lubricant
"AY was generally beotter than the two other lubricants, "B" ~nd

"gY,  The special lubricant, "DU", maintaincd its consistency

- over a wide range of temperatures. The commercial ludricants,

homever, bocame very herd at low temperaturc and alsn tonded to

boconme fluid a2t high temneratures, and thesc characteristies

“verc reflected in the fatigue propertics of the cabvle.

The results of corrosion-fatigue teosts on corbon astecl

cables with Iubricants "A" and "H" arc presented in Figure 21

‘and show 2 very mariked- improvement in corrnsion—faiigue life by

the use of the special ludbricant "H'. The valne of lubricant

N ot ~65°F ig also demonstrated by the fatigue tests presentod

in Pigure 22. Lubricant "H" maintained its viscosity on™

provided the necossary lubricstinn nver a wide range of temperature.
dircralft are sometimes subjected to temperatures up

to 160°%, particularly when on thé ground, and the effect of
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thig high temperature on the cable lubricants was investigated.
The test procedure consisted of first heating the cables to
160°F for a definite period of time and then testing on the
fatigue machine under various condiéions. The loss in the
fetigue life due to fhg previous heating was found to have a
relation to the amount of lubricant which drained from the cable
during the heating, This relationship is shown in Figure 23
for lubricants-A, H, H-1 and L, Iubricant "L" was a mixturc of
U5% 500 second oil plr. % paralketone neutral base and had
previously been very effective in corrosion-fatigue ag@_low
. temperature fatigue tests. . Iubricant 'Eflﬁ_gag 2 mixtﬁre of
4 parts of 500 seqond.minpral 0il containing the_propér pro-
portions of rust preventive and extreme pressurc additives and
. 5 parts .of lubricent "H". As lubricant "H".was o, grease, it
required a special pressure systom to vnlace the lubricsnt in
the cable. Lubricant "H-1" was madeo so that it could be applied
to the cable during manufacture in a normel mORNET . Thb above
corrosion-fatigue tests show that lubricants Y gpné YH-1W
were, the only lubricants.that did not drain to any largo extent
from the.cables when heatsd to 160°F., The cablos with lubricants
"AT and LY had a.considerably lower fatigue life after hgating
due to the loss of lubricant.

Fatigue tests ab ~65°F on cables with lubricants "HY

ond "LY are presented in Figures o4 and 25, and show that the

T

S T T
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previous heating to 160 * had no effect on the cobles with

Iubricant "HY but 1owered.the fatigue life of the cables

' o e 4 . - .-

vith lubricant "ILY,

.

The above results havo showm lubricnnt T to be

X

very effecttve at 1ow tcmoorature and 1tn corr031on Hoacvcr,
AN;RR-C-HK and AN RR-C-Lg Acccntqnce lwtlaue Tests are m@de

at room temncr%turp wlthout corrosion and thc perxormanca of

& o

cables lubrlcatpd ”lth lubrlcarts ”H" qrd rcgular commer01 al

lubrlcants under theqc condltlonq of test is prebentod 1n
Table I. mhcse toats 1ndlcated thﬂt labrlcant "H" wag rot as

eflectlve as a staﬁ& rd conmerc1al lubrlcant ot the rusults
may have becn influenced some\hat by the fact that lvbricord

"] was placed in the cable after menrufacture. Fobigue tosts ]
reported 1n Drogvpss Reooré Wo. 6 nave lﬁdlcaued that vhen
lubricaﬁts are applied to cables after manufzcturé, the lubri-
cant dees not p t;ate fully %nto tre centar of the §trands
and results 1n.a Lown fatigue life. ‘

The fatlgue tests showed that, in ?eneral, Iubricants
TH! and "H-1" are the best Jubricents in atmosnn(ric cgnditions

similar to thore encountcred in service. The uso of Iubricant

TH-1" would allow the clbles %0 be munufaciu“od n:thnuf resort-

dk

ing %o a special pressure system for placing the Iubricant into
the cables.
The offcct of externally applicd paralketone (AH-C—52)

on the fatigue life of aircraft cables was investipgated, as
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¢

. this material is used extensively, particularly on Naval
aircraft, tc protect the cables from corrosion. The results
of corrosion-fatigue and fatigue tests at —~65°F are presented

.

in Figures 26 and 27 respectively. The corros;on—fatlgue

3

life of a tinned coble lubrlcated w1th a commorc1a1 lubricant
was greatly 1mprovedlby a coanlng of paralketone° At ~6R‘F

the paralketope became very brlttlc and flqknd off vhen the
cables were bent over the test sheaves. The value of the
paralketone for its resi;tance to corrosion woula thus be
nullified if the éables'éere also to be operated atxlow tempera~
tures.

The internal friction of ai;crafé cables lubricated
with various lubricaﬁtg vas inves@igated unfer & number of
conditions. The effec£ of temper;tqre on'a numbor of.lubricants
is illustrated in Figurc 28 and shows that the internal friction
of tﬁn cables with the cemmercial lubriéants inercased very
rapi@ly vhen the temperature went'below 0°F. 'fho internal
friction of the cable with the low temperagure‘lubricant npu

decreased slightly as the tempernture decreased, and at ~65°®

had the lowest internal friction of any of the lubricated cables.

, -

The cable with no Jubrlcanu had tne lowest internal friction ~t
sub—zpro temperntures, Although lubricant "DV a8 beneficial
at ~65 7, it rosulted in con51derably higher 1ntornal friction

at temperatures abovn Zero.,

e

L

PO
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Lubricant "H", which was similar in anature to
lubricant "D", proved to be very satisfactory’at both room
temperature and nt —650F. The internal friction ‘tests
illustrating the performance of lubricant -"H" and commercial
Iubricants at room temperature and atj~65°F are presented in
Figures 29 and 30 respectively. The internal friction of the
cable with lubricant "H" was spproximately the same at —65°F

£

a¢ at room temporature and was lower than any of the commercial

b

‘\

~lubricants. The internal friction of the cables containing

commercial -lubricarits wes considerably higher at.—65°F.

(¢) The Effect of-Loaé and;§hegve Diaﬁeter

The above fatigue tests, whiéh were goﬁducted to
study the effect of materials an@ lubri;ants underlvarious
climatic conditions, we%e mad? with l&w cablé loads., PFor all
these tests the éabie tensioné %ere approximately 1% o% the
cable strength, w‘areés in actual service thc cabig loads are
considerably higher. As ver& little data are available on the
fatigue life of ai?craft cables underlhigh loads, the offect
of service loads and shéave; was included in this investigation.

AN-210 micarta sheaves were used vherever possible
but wher theso failed too rapidly, 24-ST sheaves fitted with
large ball bearings &ére used.

An examplé ;f thc.éffect of cable loads ranging from

10% to 60% of the cable strength is shown in Figure 31, The
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sheave diameter for this test was 28.7 timeé the cadle
dismeter and under thesc conditions the cables operated
satisfactorily with loads.up to 20%. The fatiguc life with

a 40% lpad, hovever, was considerably. lower.. Tith a 60% cable
tension the cables failed after relatively few numbers of
reversals..

At the completion of each fatigue test the number of
visible wire breaks were noted before determining the remain—
ing strength of the cable. The results of these ohservations
are shomwm iu Figure 32 ond also reflect the offect of cable
tension on the life of the cable.

The:ééféct of "variations in the sﬁéavo diameter on
the fatigue 1ife'is shbén in éigﬁre 33 for sheave ratios ranging
from 16.1 to 28.7. The cable tension for these tests was 20%,
;nd the results indicate thet for this load,'faéigﬁé life was
satisfactory with~a sﬁed&e ratio of 28.7 but was seriously re-
duced with a sheﬁée faéi; of 23.4,

A large number of service load tests wore conducted
oﬁ 1/8", 3/1 " oand 1/4M éimmeter 7x19:ga1varizcd cables and for
ééch sheavé si;e there waé a éritical lond range beléw which'
the fatigune life éf the cﬁblelwaé considered to be satisfactory.
The effect of the shoavé ratio onlthe critical lond range is
shown in Figure 34 and shows that the critical'ioa increased
withltﬁe sheave“ratio. Similarly thé critical sheave ratio

increased as the cable tension increased and this relationship
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is shown in Figure 35. It shonld be emphasized that the
critical values are not points of sudden change. However,
as the critical sheave size was exceedeg the cable life in-
preased ropidly, and as the critica};loaq was exceeded the
cable life decreased rapidly. The rpsults indicated that a
satisfactory, fatigue life could be obtained with a sheave
rpbtio above 10 if the ca,.ble loads were 17’. H.ovmver_,‘ with
cable loads of 10% it was necessary to have a sheave ratio
gbove 20, and with cable lgads of 20%, = sheave ratio above
26 was necessarye.

The life of aircraft ca?les in service is gensrally
detormined by an inspgction for broken wires. Ths rolation-
ship between the nmumber of visible wire broaks and the remain-
ing strength of the cable is therefore of importance. The

’Qata_pb?aippd from the service load tests showed considerable
scatter, particularly after the cable bod a large number of
wire breaks. The maximom number of wire breaks in one cable
,1?Y has‘ppen found in wire rope practice to be a good guide

for judging vhen thg cnble should be removed from service. The
maximam number of broken wirss in one cable lay hag been
observed in these tests and its relation to the average loss

in strength is shown in Figure %6. The actual loss in strength
moy be cither greater or le§§ than shown on this curve.

The data showing the relationship between the number

of reversals on the fatigue machine and the remaining strengzth
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of the cable mas also ‘variable. Thig variation increascs

as the remaining strength ded}eases; With an average loss

in strength of 10%, the tests indicated that the maximum

loss in strength:will, in general, ‘not exceed‘EOf. Tith an
average loss of strength in excesy of. 10%, the maximam loss

of strength may be considerably greater. The life of aircraft
cobles corresgonding to .an average loss of strength of 10% is
shown in Figure 3. This data was taken from the fatigue -
curves on 1/8", 3/16" and 1/4" 7x19 proformed galvenized cable.
The individual points show some scatter and this should be
taken into account.  These:curves are prasented as a general—
ization of the information obtaimed-and should be used only as
a guide to the designer. STt ,

A1l of 4the fatigne tests Qiscussed previously were. -

made with a wrop angle of 90°. Ailimited nurber of teskc rore -

mado on “3/16" 7x19 proformed galvanized cadle in wrhich the: mrap-~-.

angle ranged from 0 tn éOo. The test results are-presentod in
Figure 38 3nd indicate thnt thefatigue life decreased as the
wrap angle increased from 0-tn0.20°. With a further incroase in
the wrap angle the strongbh »f the cable after fatigue remained
approximately the same 28 *with. the 20" angle tests.

A The porformazice »f -aircraft: cables as discussed
abnve was obtained from tests.on-AN-210 micﬁrta.and oNt-ST
sheaves. The life of the mic¢arta:.sheaves was found to be quite

variable and failures occuryred by wear, splitting,, and bearing

P ead iz
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failures. 4 summary of the observations made on AN-210

micarta sheaves is presented in Table II. Tith the exception

of the 3A sheaves, the micarta sheaves operated satisfactorily
with a cable tension equal to 10% of the smallest cable used on
any particular sheavz. In many cases micarta sheaves did not
operate satisfactorily at higher loads. As cable tension was
increased the life of the micarga sheaves decreased rapidly,

The 24-ST sheaves proved to be satisfactory for high cable loads.

The fatigne life of cables with 1% loads was investi«
gated and was reported in Progress Report NMo. 3. The resuilts
are not reoproduced in the final report but indicatsd that the
life of 7x7 cable construction was lower than that of 7x19
construction,

Internal friction tests discussed przvioasly have
shown that the internal friction of cables was proportional to
tho cable tension. The effect of sheave dicmetor on the internal
friction of cables has also been investigated and these rosulte
are presented in Figure 39. TFor sheave ratios between 16 and 9
the internal friction of 7xl9 preformed galvanized cables in-
creased in inverse proportion to the sheave ratio. For a sheave
ratio of 7, however, the internal friction was relatively higher

than at the larger sheave ratios investigated.
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COCIUSIONS

1. Under cable loads ‘of 1%, the best cable
material for use in a salt mtquphere vas 18~8 etaln'oss

stéel.

2. Under service loads in the absence of
corrosion, the fatigue life of galvanized carbon stuel
cables was considerably bottor than tnat of 18- stairless

steel cebles. ) o \

3. A ae#vv zinc coatlng, either hét galvanized
or clectro~FﬂJvanlzod gare the best oorro<10n~xﬁu19uo life
of tae verious tynns of arbon steel cables.

4, At -65°P the 18-8 stainléss stoel cable had
the best fatigue life and the heavy, 9alvanlve€ cable had
the poorest fatigue life vhen tested with & 1% enble ton31oq.
The fatigue lifc of ‘ths snlvonized cables ab -65°F improved
as the weight of zinc coating qecruased, .

5. The tinned cable had the lowest internal
friction and the henvy galvanized cable had the highest
internal friction at room temperature and st ~65°F., The
internal friction of the galvanized cables 1ncreraﬁd with
the wcight of coating.

6. The internal friction of gnlvanized cnbles
decreased somerhat durizg fatigue testing in the abserce
of corrosion but remaincd hisher than that of the tinned
cable. The invernsl friction of the tirned cnble reomr~ined
constont during the f~tigue test.

7. The interzal friction of 18-8 stainless steel
cnble was not affected by salt snray corrosion “haerans thet
of tinned cable increonsed a~nd thut of grlvanized cable de-

creased.

8. OCable lubricnnts improve the fatigue life of
cables under 21l couaditions.

9. Commercinl Ilabricants gave the best fabigue
results at room fowporﬁturc ot rosul od in lowerad fatigue
1life at -65°F ~nd +120°F

(Contimied)
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Conclusions (cont.?) ..

10. Cables conbtaining lubricant "H" had
cows1derablg better corrosion-fatigue' life and fatigue
life at =65 F than cables containing commercial- lubricants.
The fatigue life of cables containing lubricant "H" was
also better at room temperature follow1ng exposure to 160°F
temnerature.

11. The internal friction of cables lubricated
with lnbricant "H" was somewhat lower than cables with com-
mercial lubricants at room temperature, and considerably
lowver at —65 F. The internal frictioh of cables with com—
mer01al lubricants increased considerably at teliperatures
belaw 0°F, wherecas cables with lubricant "H" were practically

unaffected by tomppraturns dotm to -65 F.
12. Iubricant '"H" was not ‘as effect1Ve as regular
commercial cable lubricants in the AN-RR-C-U3 acceptance
fatizue tests. In order to obtain thé best overall cable
by weans of spdcial Ilubricants, the present specifications
may hsve to be revised.

13, The corrosion-fatigue life of carbon stecl
‘cables was materially improved by the rxternal application of
paralketone (AW-0=52).

4. The service loaa fatigue tests indicated that
in order to obtain long life {over 200,000 rcverssls) the
ratio of sheave diamnter to cable dinmeter for 7x19 nreformed
gnlvanized cable should be grcater unﬁn *hn ’gJuo" shom balow:

nble Lond
% of Specified
Cable Strength Sheave ¥Hetio
"1 10
10 20
20 28

15. For 10115‘ cable life (UV(:L 200,000 J.C'\TC,TE!&.-.*\)
the following loads and shenve sigzes were sntlsfacto v in the
service load tests:

(Continued)
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Conclusions (ennt.)
Cable Load

% of Specified
Cadle Size Sheave Size Cable Strength

1/8"  7x19  A¥-210-M4 10
3/16" 7x19  AN-210-54 10
2/16" 7x19  A¥-210-ba 20
/4" 7x19  AN-210-6A 10

16, The serviceability of AK-210 micarta sheaves
in the service load teats is shown in the following table.

" Sheave failure under high loads occurred by wearing, split—

ting and by bearing failures.

Cable Ioad
% of Spocified

Sheave.Size Cable Strength Cable Size Life
AN-210 34 10-20 1/8" 3/16"  Unsatisfactory
AN-210 L4 20 3/16" Unsatisfactory
AN-210 kA i0 1/8" 2/16"  Limited
AN-210 LA 20 1/gn Limited
AN-210 54 10 3/16% 1/4"  Sahisfactory
AN-210 64 10 3/16" /4" Satisfactory
AN-210 64 20 z/16" Satisfactory

17. 24-8T Aluminum alloy sheoves with Iarge bear-
ings operated satisfactorily with loads up t» £0% af the
specified cnble strength.

13, The life of 7x19 profarmed galvanized cables was
a function of cable load and sheave diameter. The crble life
for an average loss of strength of 10% was determined. (Pig. 370 .

19, The fatigue 1life of Tx7 pref rmed gelvanizad
L

cable was lowrer than that ~f 7x19 construction for the same
sheave ratin and cable tensinn.

20. A limited number of tests on 3/16" 7x19 pro-
formed galvanized cable vith veorieus wrap angles indicated
that the fatigue life was reduced as the wrap augle was increascd
from O to 207. Abave 207 the wrap angle had no further effect

an the fatigue life.

21. The internal friction of cables increased as the
cable lnads became greater and the sheave diameters becamo
smaller.
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TABLE I

A¥-{R-C-L3 Accep%ance Fatigue Tests

5/32”“and 1/gn 7x19 Preformed Galvanized Aircraft Cable

" Material”

Reel #1
5/32", As Manufactured
Lubricant "B"

W Average

Reel #1
5/32", Cleaned &
Relubricated with
Iybricait "HY

Average

Reel #2

5/3%2", As Manufactured

Iubricant "B" )
Adverage

Reel #2

5/%2" Cleaned &
Relubricated with
Inbricent "HY .
) Aversge

Reel #5
1/&%, As Manufactured:
Lubricant "BY

Average

Reel #5
1/8%, Cleaned &
Relubricated with
Iabricont WHU

Averago
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On

Before’

Fatigue

Tensile Strength (pounds)

Affer

Percent Remaining
- Strength

2920
2930
2925

2950
2950
2950

2270
2280

Fatigue

s 2§6o

2000

2630

2125
1600
2060

1o

2260

2570
2his

2220
2310

»+ 90.0

65.5

81.8

48,0

I
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TABLE II

F IOAD OY FATIAUE LIFE CF AN-210 MICARTA SHEAVES

Condition of Sheaves

Gable Cable o % Average Feversals
Sheave Load Size 4 % % Rearing Bearing
Size 1bs. in, Good Torn Split Failure Good Jorn Snlit Failur:
34 200 1/8 100 50,000
34 koo /8 70 %0 16,000 11,000
34 Yoo 3/16 W 50 10 7,000 7,600 5,000
34 800 3/16 100 6,000
4a 200 1/8 71 18 11 210,000 209,00'0’ * 250,000
I boo' 1/8 iy 9 4 k43 130,000 32,000 42,000 123,000
Ly Moo 3/16 31 39 € 22 150,000 180,000 120,000 1%0,000
Ly g0 3/16 26 3232 10 50,000 50,000 50,000 50,000
54 %00 3/16 100 246,000
B 700 1/ % 45 6 3 170,000 %50,000 260,000 100,000
64  hoo 3/16 100 ) 24¢, 000
64 00  3/16 100 . 250,0C0 f
64 700 /4 |

100 280,000

GHTOIATEaH A
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