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REPORT No. 3.

REPORT COVERING INVESTIGATIONS OF
A&DDCABSiES, THEIR FASTENINGS AND

.
By TOENL ROEBUNG’S SONS Co.

.

In reference to our investigations of aviation wires and cables,
their fAenings and termimd connections for sta , w-ehave failed to
tlnd horn past practice anything that would z ow us to determine
the best lines on which to proceed; therefore our study is not limited
to=m~ S@’ design.

9
our investigation we have aimed to eliminate the use of

acid and so derj im erfect bends, flatte “
d!’ “ Yf&&R%$3%Rto wire, strand, an cord due to unsldlful

field; and b=ed on our study of present methods of manufacture of
aeroplanes we believe it is possible to manufacture the complete stay
here at the factory, proof test same to 50 per cent of its ultimate
strength, measure same under stress, and therefore eliminate an

iunc@ainty.as to strength of terminal comection, length of stay, an ~
workma~hip.

On tlus basis our reseamh covered not only the terminal connection
for shop attachment, but also a conn?:tion that would allow repairs
to be made m the field without req

%t?eY3$%311t%$%~solder, and from the following tests It
develo ment eliminates any doubt on this point.

LWe d present practice considers “the solid wire sta ,” consist-
iing of one wire of suitable diameter and known to the tra e as” avia-

tion wire”; “the strand stay, ” consisting of either 7 or 19 wires
stranded together and known to the trade w “aviator strand”; also
“the cord or m e stay, ” co

{
of 7 strands twisted together

forming a rope, t e strands b 7 wires or 19 wires; and the
rope known ‘to the trade w “ ,(

THE SOLID WIRE STAY.

b P14’E NO. 1.

Figure 1. “

‘w? l*Om ‘he ‘e”mos’rwbme” h ‘p@OOcformed-m tinned amatorowma an a ferru e made by wrapping a
flat strep around both mres. The free end of the wire M then bent
back over the fiat ferrule, ace, and the whole terminal
dipped in solder. This
Iti mechanicsil stre

%?
?

is far from being satisfactory.
is ow and variable. The rocwa of sold

%
involves the possib” ty of edab “ “ ? Ya source o corrosiorq as we
m injuring the quality of the wire. emaking ofsuchat-m-midis
almost necewwdy a factory proposition and provides no means for
quick and efficient field,replacements.
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114 . AERONAUTICS.

Fi4JuTe %.

. The standard kqminql in Europe is .shcyn in iigure 2. This con-

=?2ffl%02?3eT&?:.a’$%zti;;=Tcr::
the e e in the stay before applying t e ferrule.

E%:%’d2X?% m?’ B,” &e 2, must be exaotl the same
as radius at “C.” JThis is called a perfect eye. No sol er is used.
The f+ is-made of wire of th? same si+e as wire in stay and is
4C

?%%3
@ty. Fl@e convoIutqns constitute the standard length

of e. -The hole m the ferrule H oval and a snug fit for the two
wires fo the eye of stay. Both wire and fernde are tin
coated. The e end of the wire is bent back over the ferrule and is
not f&ened in any wa .

5
This holds the ferrule My against the

shonlder at “A” and” .“
Tests made on stays ha . . this type of terminal did not show

very satisfactory tits. %& ty per cant of the tests showed an
ticien~ of less than 65 & cent the free end of the ~ slipping

ail’thro h the ferrule at-f ure of t~e stay. h the reqammg 20 per
‘5cent o the tests the mre broke at”~” the stays having an average

ef6ciency of 68 per cant of the total s@mgth of the wire.

Figure 3. .

Figure 3 Sholw eye having radii “ AJ7 ~d “~” different frOYn

“C,’ which is not allowed .HI foreign specdications and .praotice.
T=ts made on termhals ha

T
an eye formed as in

v
3 always

@ted in pulling through the so end of the wire at ow efficiency.

Figure 4.
~ orderto determine whether the directi?n of pitch ?f the s id

SPrY% fde had -m inllu~ce in de t

‘? ‘Y’e ~J ha-::::=e~~y ; 2:ng i%m ferrtdesasm&u.re 4weremadewith a :rf~te emboth
csses tested, and compared. y showed
an efhcian of about 5 er cent more than the . h&hand ferrule.

zh testing %e latter the ee end of the wire slipp 2 in every case.

Fignme 6.

In figure 6 tm effort WSS.made so sqme the free end of the wjre
+nst slipping when s- wss apphed to the stay By wrapp~

33s end around the msm stay wine. Tests on tik construction
sJ~Bx#, m average ficienq of 72 per c-ent, ilacture taking place

f

Figure 6.

~other method of securing the loose end consistd of tying
the end down on the ferrule with tie mmealed wire as shown in
iigure 6. Tests made on this construction showed an averqge efli-
aency of 70 per cent, fraoture taking place at “A,’)

CONCLUSIONS BASED ON ABOVE TESTS.

Observations made during twta of ta* 5 =d 6 showed cleml~
that the weak oints of ths constriction existed at “B” and “A, ‘

%respectively, an that it wss nece9s to increase the friction between
%the walls of ferrule and the wire of e sta under strain to increase

efEcienq-. Reliable information at hand Lwed that the same con-
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elusions had been aimed at by foreign engineem ptationed in berica
and that they had solved the problem by solde

Y
the spring ferrule

terminal in the same manner that Americans ha adopted with the
flat wire termimd.

.

HORN’S IMPROVED TERMINAL CONNECTION. ‘

In an eilort to avoid the use of solder with its many objectionable
features. tgqwa of construction as shown in &urea 7 to 15, inclusive,

T
were o atad and tested. k every case the spring ferrule with
lef&han pitch was adopted. The loose end of wire was secured
with a tie or simple wire loop or clip as shown. Numerous tests made
at intervals throughout the entire series of teats with wires having
strengths of ~,600, 1,800, and 2,300 pounds showed conclusively that
there is no cbfference in eflicieucy of stays using wire of any of the
above strengths.

F&?LTe 7. I

I?i e 7 shows a wedge between the ferrule and free end of tie
Fso p aced that as strain M ap lied to the stay and the bend in the

2free end of wire drawn to-war the femule the we e is forced in and
$thus increases the fiction between the wall of e ferrde and the

main stay wire. Average efficiaucy secured 82 per cent; range of
, efficiency, 80 to 84 per cent. Fracture at “1” in ferrule.

Figure 8.

Figure 8 shows two wedges with a connec “ yoke. The wedges
?enter on each side between the two v@m aud orce them apart and

against the wall of the ferrule as stm.n is applied. The we es are
3forced in by ressure on the connecting yoke which passea un er the

~bend of the ee end of the wire as this free end is drawn into the
ferrule under strain. Average eflicien~ of terminal in test equals
80 per cent. Range of eflicmn~ in tests made, 79 to 83 per cent.
Fracture at “A.”

Figure 9.
In construction of

Y
e 9 two wedges were used as in figure 8, but

the yoke was replac b a washer with two holes in it encircling
both wires of the sta .

Z
Kc

T
assure on the we es was supposed to be

secured under strain the drawing in of the oose end under strain.
This result was not r& “ ad as the washer becwne locked on the main
wire and broke the loose end at “D.” E&ienw secured was only
70 per cent; range, 60 to 75 per cent.

F@re 10.

b~elOtiowe@m wwemdmti@e8md-9. The
free end of the wire was m-a ped around the main stay wire and

%pushed in the wedge as initial ppage occurred. Aver~e efficiency,
84 per cent; range, 75 ti 87 per cent. Fracture at “A” m ferrule.

Figure 11.

P

.
e 11 shows a double e p with no wedge. Staudard shaight

fe e with free end tied. &s type of eye could only be used on
stays when turnbuckk or hooks to be attached had open eye.
Average e%iciency in tit, 80 per cant; r~e, 74 to 82 per cent.
Fracture at “A.”

I

“
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mgurt?lg.
Figure 12 again shows a double eye in stay with a single wedge

between wires on the e e end of the ferrule. & ferrule is drawn
1’down against shotddem ‘A” and “B” the we e is forced in. This

2increasea friction of wires against ferrule at “ “ and “B,” but not
at “D” and “E.” Av-er~e efficiency, 85 per cent; range, 80 to 87
per cent. Fracture at “A. ‘

F&nLTe13.

Figure 13 shows a construction comisting of a double eye in stay
a single wedge under the eye, and an oval sp&u wire ferrule tapered

%
at the same angle as the we e. k this case the ressure of the

%wedge f orcea both wires throug out the entire lengt of the ferrule
against the walls of the ferrule and this increases friction on the ferrule
uniformly as the strain incre=es on the stay and reduces the strain
at the weak points “A” and’ ‘B” proportionately. Fracture always
took place at “E.” Average eflkency, 94 per cent; range, 92 to 96
pe~xmt.

F
13 we have the most efficient termihal tested. It has

none o the objections of a soldered terminal. It is.sim lej parts are
inexpensive, stro 2, and few in number. It is an lde terminal for

Yemergency use in t e field.

Figures’ 14 ad 16.
Figures 14 and 16 show modifications of this type to overcome an

objections which
T

it be raised to the double eye. The wedge an
a substantial thimb e are combined in one piece. To secure more
points of contact, and consequentl~ greater friction, and also for
greater flexiiity, the taper ferrde M made of fier wirca and with
more convolutions. The wedge thimble may be open or closed, as
desired. Fracture took place at “E.” Average efficiency, 94 per
cent; range, 92 to 96 per cent.

s ~J Of t@S fOT @&lUJ.

Pt7 Cat.
‘ 1.. -. . . . . . ..-. ----- 80

2. . . . . . . . . . . . . . . . . . 65

:::::::::::::::::::
5. . . . . . . . . . . . . . . . . .
6-.. . . . . . . . . . . . . . . .
7.-. . . . . . . . . . . . . . . .
8--. . . . . . . . . . . . . . . .
9. . . . . ..--. ..-- . . . .

10-. . . . ..-- . . ..-... -

u . . . . . . . . . . . . . . . . . . 80

%::::::::::::::::: E
14-15.-. -- . . ..-... -. 94

Per mat.
60-90
60-75

56-61
.05-75
0%78
-80-84
79-83
60-75
75-87

7482

9246

92-96

P=f
I Remark%

:f:or ::

‘%!???-:
“B’’. . . . . .
“A’ ’...-..ac 2s“ ,,. . . . . .
i . . . . . .

“DV. . . . .
“An. -----

AmericaIq enk?ered.
Foreiw proper eye.

Foreign, improper eye.
R&$&nd ferrule.

,aroluldstay.
End tie$%%rmle.
Wedge underhook.
Two Wedgeswith yoke.
T#edgwfc9vi@iwaeher.

end
wTa pd.-

“A’’ ------- ?Doub e eye, no wedge.
“A’’ .. . . . . . Double eye, 1 w
“E”. .----- TTmered ferruk euble

I ei.ngle eye. -

Nom-Thm tsatswere made with wire havinga diameterof 0.102inch and a
of ~,600,.1,800,and 2 S00pound% No (kfbrsnce in effiaency of 6t8y me
umngwlreof wlyof&esh’engW.
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STANDARD WIRE FOR STAYS FOR AEROPLANES.

!I%? O””Y al object in the manufacture of this material wcs the
Sec

Y
o the wire as strong as powible in order to reduce the weight

as muc as pomible. This resulted eventually in .t.l+emanufacture of “
a wire so hard and stron that ~culty wss

t% %
grKmtG#lillc)rmi&

the eye and bend over e ferruIe without brea
resdt of this was a lack of confidence in Mgh-strengdh wire, “md m
some cases the reaction extended to the use of a me which could
properly be classed as a soft wire. The proc- of soldering terminals
on wire stays undoubted helped to a great extent in building up

Jthis pre@hce. Neverth emit is stiU truel as at first, that a strong
wire -ivIuch is serviceable permits the possibility of reducing weight
and is therefore desirable. The great number of tests on wire and
stays, which were necesawy to determine the ro ertiw of different

L?types of terminals as described above affor e . a very excellent
op ortun.ity to note conclusively the edect of

$ Y
vwzous grades

an Str bs of wire. We determined that it wss a important that
Tthe wire s ould b? tough and ductile as wall as strong. AU bends

should be made mthout danger of lhcture. In addition to require-
ment for tensile strength, we found it neceasmy to recommend
requirements for torsion and bend. As the per cant efficiency of the
stay due to 10= of strength at terminal is as geat with a strong wire
as with a weaker wire as was clemly demon&rated in our tests, it
followed concluskily t!hat as high a’ stiength as can be secured com-
mercially under the conditions of totion and bend test required
was dm.rable. The f ollowing specification is therefore recommended
as representing suitable high-grade material for the purpose.

Standn’a - Wire(tm?ld).

pmtbmt

0.204
.182
.162
.144
.128
.114
.102
.092
.081
.072
.064
.067
.051
.046
.040
.026
.032
.O!M

(BB)& $%.&

4+
l%

$
&r

. . . . . . . .

2........*-.....-...-...-.
&

. . . . . . . .

. . . . . . . .
33

. . . . . . . .

9

.E
:
16
18
21
24

z
S4
39
44
49
66
61
70

-might in
%%r

11.15

?2
5.66
4.40
3.60
~.7’7
2.20
1.744
1.%?3
L 097
.870
.690
.647
.434

:%
.216
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PLATE NO. 2

Breahg stmin.—Ted sample should be at lesst 15 inches long,
free from nicks or bends. It should-measure 10 inches in the clear
between the jaws of a standsrd tes

3

machine. Load should be

$
ap lied uniformly at a speed not excee 1 inch per minute.

or&m.-Te& sample should be grip ed y two VISea6 inches apart.
$One vise is turned umformly at a spee not exceeding 60 revolutions

per mimn%. on the
9

e size of wire this speed should be reduced
suf3icientl to avoid un ue heating of the vnre. The vise which is

Knot turne should have free lateral movement in either direction.
Bend te&-Wm for bending test should be a str “ ht piece. One

%end is clamped behmen jaws havin their up er e es rounded to
& $3/16-inch radius. The free end of e wire is eld loosely. between ~

two guides and bent 90” over one jaw. T& is counted one bend.
On raising to vertical pcsition the count is two bends. Wm is bent
to the other side and so forth, alternating to &cture, each 90° bend
countingone.

Diamekofstrand. Dm.k#gststh

2). 65
13.60
10.00
7.70
5.54)
3.50
2.(xl
1..75
1.21
.78

.30

PLATE NO. 3.

BOEBLJIW 19-W3R13GALVAN~ AVIATOR STEAND.

Roebling ahnized aviator strand oonsisti of 19 fine wires of

z
4at stre stranded together. On account of its small size the

inch diameter s@and is made of seven+wires. !l?is strand is not
very flexible and IS used for s$a~. T@ strand IS approximate

a?one snd one-third tim~ M elastic as a sohd wue of the same materi .

!l’hiinble spliced in endend.

‘ 780
Mu

90.0
90.0
9L O

H
96,1

1.3.60
10.00
7.70

?%
2.60
L 76
L 21
0.78
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L?OEBLIN6’S AC I?OPLANE THIMBLES

QE&&.Q5~M
~cbrnwe u-w4w&uw!uwtQ-@uQ

I JoHN& ROWN(M SONS CO., TRENI’UN,N. J<
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PLATE NO. 4.

RONBLING l%wnm mLvANmED AVIATOR STRAND.

F@e No. 1 shows thimble spliced in 19-wire galvanized aviator
strand.

Figure iVo. f?shows the splioe after the serving is a plied.
{tire 170.3 shows the broken wires after the stav ad been tested

to d&tmmtion in the testirw maohine. It will be no”tid there are four
broken wires. This bre&” diva oocum at the last

rsplioe and never momd the thim le.
tuck in the

.

Dfmder of&. Biwtkw
TCml (pOml(h .

2,(00
2,Soi)
4,200
5,OciJ
7,000

$M
1.2,MM
14,400

2.66
4.44
6.47

lu!
14.56
17.71
2262
26.46

1 _,

PIATE NO. &

ROEBL12W i’ BY 19, TINNXD AVIATOR 00RD.

Roebling tinned aviatir cord is ooem osed of 7 strands of 19 ti
each. -. wire is made horn the
I&e&V&p

d at gcade of steel and ‘ven a

%
?pf tin. It is used principally for stays on oreign

cord is approximately one and three-quarter
times as &stic as a solid wire of the same mataiaL

ThtinbI?.3splicedin Cuchend.

Dimmerof.

2,000
2,800
~ 200
5,600
7,000
8,000
9,800

12,600
14,400

hB#iw%i9y.B5cbncy. wdi%&5&?L.
1,600
2,300
3,600
4,7(K)
6,000

2%
10,400
12,000 IllAveroge of 64

~ S2.6pW

2.88
444
6.47

Ml
14.66
17.n
22.62
26.45

. PLATE NO. 6. ,

ROEBIItW 7 BY 19, TINNED AVIATW OORD.

Fi@re No. 1 shows thimble spliced in 7 by 19 tinned aviatir cord
Fzgwe iVo. f! shows the splice after the serving is applied.
Figure iVo. 3 shows the result of a test to destiction in the testing

. machine. Five strands have been broken at the last tuck in the
splice. In all the 54 teds the stay failed at this point and never
around the thimble.

.

I

. 1

----- -. ... . —-. ,--?. . .. . .. . . . . . . .. .. . -..,_.—, -_ H..- .-. . ,.., -.

.-. . .

~, -..’.,. “.. ,’’..’
. . .

,.
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PLATE NO. 7.

THlamu?s.

The eye splice in strand and cord should be protected by means of
either stael or brass thimble.

The bnws thimble can be used for 1$1-wirestrand for diameters of,
1/8 inch and smallar. For larger diameters use steel thimbles

For the 7 by 19 cord use brass thimble for 3/16inch diametm an%’
smaller, and steel thimbles for larger diametem.——

PLATE NO. &“

SHOP Oommmolw.’

.Ilgure iVo. l.—B~’d upon tests, balieve the eye .qpliw for the
7 by 19 cord is the most satisfactory for all &zea imiludi.ng + inch
diameter, U&W higher efficiency is required, in whch cssc a socket
attachment can be used for the lsrger diametera.

Figure i’Vo. 2.—The eye splice IS very satisfactory for lfl-wire
strand for diametam not excee&ng + inch. For larger diaxnetera
a socket attachment is necessary to get hi h efiiqiency.

Figurm Nos. ~, 4, and 6 ?.—The tapered errule and w-e e attach-
%ment ‘vea m~um efficiency, and we belieye can be use to great

?advan age for single-wire stays.

PLATE NO. 9.
.

mErJl (JONNEOTIONS.

.%ln~L*ri%?okh~itd&?;Zt$Z~~Z~t$
efliciant device for attachment of either N-wire stran or 7 by 19
cord. The efhciency is 90 er cent.

err$e “B” are the two important membefiThe wedge “A” and f
o~fie connections. After the strand or cord is laced on we e and

Y
$ %ferrul:, the end of same is bent backwar on ferrule an then

serve with me. .

E rt%Nos. ~ and $ show the same
$&l 1!

e of connection for wire
atta ent. The diciency is 94 per cen .

PLATE NO. 10 AND PLATE NO. 10A.

S0- ATPAOHMENT.

We hlieve the socket attachment can be used to advantage in ●

connection with 19-wire strand, especiall on the laqjer diameters.
iThe eiliciency is nesrly 100 per cmt an the cmnectxon is positive

and safe.
We find it necessary to use pure zinc for attachment of galvanized

strand.
Plute No. 10 shows two typIM of socketa—
Figure No. 1 not furnished with adjudanent and Figzwe IVo. 2

having adjustment.
Pkzi%No. JOA shows the ~ockets used by the Glenn L. Martin Co.,

and it is stated their efficiency is 1.00per cent.

.

.
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. PLATE No. 11.

ROEBJXNG 19-WIRE GMLVM$IZED
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AVZYJXXtSllLUQl).

Figure i’?o..1 shows a 19-wire galvanized aviator strand with end
loo~ed and soldered.
~ak~ iVo. 2 ~hom the result of teat to destruction in the testing “

It wdl be noted that the break of the seven wires occurs
. at the &nter of the stay and never at the ends. In the series of
tests made this connection showed an eiliciency of 100 per cent.

~pecial attention is called to the protective se-of the loop. In
ease this is not done a thimble must be used. The principal objections
Jo this connection are the use of acid and solder.

En& looped and aoldetyd. 8

PLATE NO. 12.

EXAMPLW OF PRESENT PW@l?IUE.

i’?o. 1 shows the solid wire, using a co per tube as &ferrule, and if
Yattached roperly will give efficiency of 5 to 80 per cent.

lVO.% & ows a 19-wire strand attachment, using a co per tube as

%
a ferrule and ben . &the strand back and soldering bo inside and
outside of ferrule. oh that the stiand is not rotected where it
bears on &buckle and the strand fails here. T%e efficiency is low.

iVo. 3 shows a 19-wire strand attachment where the stiand is
~ooped, served, and then soldered. Note the wire displacement in
100 .

i?o. 4 was @ken from a wrecked aeroplane aud shows point of
failure in loop, due to want of protection at this point.

i’Vo.6 shows form of e e for solid ~e, which makes it necewary
dto use medium steel to . ow manipulation.

Dfwmhr ofmrd.
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PLAY!E NO. 13

BolmL.rNG ~ FIJIXIBm AVIATOE COBB6 BY 7 COl!CON OENTEB.

Roebling extra flexible aviator cord is composed of six strands of

&
seven mnized wires each and a cotton center. On account of its
flexib ty this cord is used for steering gear and controls. This cord
is approximately two and one-qumter tunes as elastic as a solid wire.

16.70
la 60
6.36
5.m
4.67
2.4s

M
.93
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PLATE NO. 14.

BoEBrJNQ FI..EUBLE AVIATOB 00BD 6 BY 7 W131EOENTEB..

Roeb “
9

flexiile a~tor oord is made with seven strands of seven
gakmize wire each. This cord is not as flexiile as the cotton
center cord and is approximately one and t~ee-qumtera times as
elastic as a solid wire.

PROTECTIVE COATINGS ON STEEL WIRES.

NONFERROUS METALS-ALLOY STEELS.

We manufacture wire and cable in nonferrous .metaIs such as monel
metal,

%
erman silver, phos hor bronze, ahumnum bronze, silicon

bronze, rass, copper, etc., i ut we do not believe that any of th=e
met& will ever prove commercially practicable for the pgose of
aero lane stays or cables. ‘cMamnmm strength with mmimum

{weig t“
rela
a peam to be too all-important. In none of these can

extreme bility with high elsstici~ be so well secured as with steel
when it is well protected from metical injury and corrosion. For
exmptional urpose3, the nonrn

J Y
etic pro erties of these me~als

may outwe- itheir lack of strengt and dura ility in fatigue m
9them use imperative, but in the final design the amount &s use

wii undoubtedly be the least posiWe amount perrnkiile under the
circumstances. For construction of this kind we would not recom-
mend, without many qualifications, a natoral alloy such as monel
metal. Thi9 materml appears to possess excellent noncorrosion
properties when used in a relativel large ma+, as in a propeller, but
there appeam to be considerable Joubt as to lts absolute reliabili~
in uniformly resisting corrosion when roiled into v

T
thin sheets or

drawn into wire. To a lesser degree, a lack of confi ence must exist
in such manufactured alloys as brass, german silver, or bronzes con-
taining relatively lye roportions of two or more elementary rnetfds.

%“Phosphor bronze,” ‘s ~eonbrcpze, “ “aluminum bronze,” or sundar
alloys contain@ a relatwely Iugh per cent of one element (copper)
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onl~, are more ‘f f ool-proof” and consequently more reliable and
demrable.

An attempt to “ve the elastic limit and tensile strength of eack
size of wire, stranF, and cable used in aeropkme construction, if same
were made of all the nonferrous metals mentioned abovel vvould
involve the publication of quite an extensive report. Confimng our-
selves to the most suitable of thew metals or tdloys, phosphor bronze,
aluminum bronze, etc., it is a safe and reliable rule to assume that
the ultimate strength of such wire or cable or stay will be 50 per cent
of the uhimati strength of th~ extra high-strength steel listed by us
for standard aeroplsne use. The elastic limit for nonferrous metsk
could not safely be assumed at more than 50 per cent of the ultimate
breakiwg str&.

The use of vanadium, titanium, ana other special deoxidizers or
clermsem in the manufacture of steel has undoubtedly rmultad in
very much im roving homogeneity and density of structure in cast, ‘

{forged, and ot er hot-worked mama of the metal especially in the
harder alloyed varieties. It is not so certain, howevar, that the use .

of these metals has proven necessary or even d=irable in making .
steels of the higher grade for wire manufacture where the enormous
amount of cold worlnng and exact heat treatment absolutely inherent
to the process of wire manufacture reduces eventually a structure

%finer and more homogeneous than as ever been possible b any
T1other method. The increased resistance to corrosion whit the

special stee~, referred to abovp, af70rd, because of their density and

L 2
uniformi , m more than duplmated by any drawn high ade wire
of the or “ my carbon steels of sufficient degree of man actnre.

Vanadium steels and other steels of their kind have not as yet
become established w desirable wire steels. Altho ~s~o~yurged
u on the ipdustry. ~d t+ed time and again, they ave not demon-
l?s, ated thar supenomty.

Carefully made high-grade carbon steel aifards to-day the most
reliable and flexible material for wir?, cable, and sta , possessing

rthe” ~eatmt strength for the least we ht” known in t e wire indus-
%try. ~e lmow its advantagw and we o~ ite disadvantages. The

fact that the mec~.d propertk of steel we and cable are seriously
affected by corrosion H so well known that It must be guarded tit.

5As the damage done is a fanqtion of time as well as intend ‘ of c emi-
cal or electro-chemical action on the unprotected sd , we have
investigated the question of retarding corrosion in the steel itself to
as great a degree as possible. We have found that pure iron retards
corrosion to a greater d

r
ee than the more impure steel-but we have

also found that in hig y extenuated filaments of these two metals,
as in wire, the diilerence in rate of corrosion is practically negligible
especkdly when the total life of the wire protected by am externa~
coating such as galvanizing is taken into consideration. We have
found the use of special deoxidizers and cleansers questionable and
have not adopted them.

The use of protective coat% on steel.ti or cable is a very broad
subject. Hot galvanized ummped wire M undoubtedly the best pro-
tected wire for the purpose. Ve hard wires and very fine sizes of
hard wire are likely to become 7 rittle at the temperature of hot
galvanizing , and the next best coating available is, therefore, a tin
coating. ~ oth of these metal coatings should be further protected
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.

by frequent applications of tit. & a rotection to the ~alvaniz-
$ Eing, a coat of red-lead paints ould be app “ed after the stay 1sasmm-

bled and the red lead rotected by a coat of graphite paint.
%The care with whit inspections are made from time to time and

the eilicient maintenance of the pint on the wires mall determines
rthe life of the combination. Tlus has beau proven abso utely by the

very extmsive use and treatment of galvanized steel on board ship
for man ears.

HNicke p sting is out of the uwtion for wires to be bent or twisted
&into cable. Furthermore, ni 1 is- absolutely injurious where the

initial purely chemical action on the intact nickel surface ceases and
electihemiczd action between steel and tickel begins at such spots
when steel is

‘?%
osed.

We believe, erefore, that tinning and galvanizing are to-da the
most satisfactory coatings for steel -mre that can be employed. h
do not actuaUy re resent the iinal and eflicient protection whiche~

fnecess~ in aarop ane construction, as this is secured by the repeated
application of paint. These coatings are, however, an eilicient guard

x
ainst corromon prelimin~ to service conditions in the plane and
o serve to prevent corrcmon and consequent dam Oe to the steel

%cables and sta in service when the paint may have een accident-
Pally rubbed o .

RECAHTUIATION.

WIEE STAYS.

As shown by te+s, the terminal fastening, figures 13 and 14, on
plate No. 1, are efficmnt, simple, and readily attached, qnd we believe .
solve the question.

Eor sho attachment. @gum 13 or 14 wotid be used in connection
with ah& es and clemses, and for attaching to turnbuckle eye or
other closed eyes use figure 15.

For field attachment use either &gure 14 or 15.
Platm No. 8 and No. 9 also show these terminal connections.

WIRE SPECIFICATIONS FOR STAY =ES.

Plate No. 2 and pages 10 and 11 of this report .ve specifications
for wire having the highest possible at %h, toget er with the nec-

9essary ductility f or manipulation, and is e result of many years of
experimenting in cooperation mth engineers and manufacturer of
aeroplarm.

19-* strandStWS.

Pla& No. 3 and No. 4 give the s h of this strand, also the
Ystrength of same as stays using the thim Ie eye splice for terminal

connection, and judging from tests as given, this connection is effi-
cient, neat in appearance and reliable.

Plate No. 11 “ves ta~le of stay stren th when the ends of the
fstrand are loope and soldered. The (4!!ciency of this connection

is a m-urn, but the use of acid and solder are objectionable, and
we believe the thimble eye splice with slightly lower efficiency is
preferable.
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We understand %-inch diameter strand is the
used, but nudging from present develo ment

d % “ ?~:’$~$ ~be require and It will be found that t e thunb e eye s ~ce, also
the ends looped and soldered, will not give the same
the diameter increases and we believe the use of sockets fo~~~c?
diameter and 1 er maybe desirable.

TPlate No. 10s owe two types of sockets.
For making terminal connection of strand in the field, sve believe

the arrangement shown on plate No. 9 is best, as it gives 90 er cent
$efficiency and is readily attached by the average man and oes not

require the use of acid, solder, or blow torch.

7 by 19 cardstays.

Plates No. 5 and No. 6 show the 7 by 19 rope which is flefible,
elastic, and lends itself readily to thimble splice, @ing very uniform
efficiency and has the advantage of higher efhuency for diametem
between ~ and ~ inch. -

We have determined by teats that the socket connection alone

f
“ves higher efficiency than the thimble eyes lice on 7 by 19 cord,fut as a eneral proposition believe the thunb e eye splice IS entirely

fsuitable or stay construction.
For a field connection plate No. 9 shows the most suitable type.

CONCLUSIONS.

((’he teds as given show that it is otible to furbish efficient
ftermimd connections for wire strand, an 7 b -19 cord, and eliminate

! Lthe use of acid solder, and b~ow torch, and t report as a basis will
allow a more &oro h investigation on similar lines.

YWe are %ble to etermin? flom aeroplane manufacturers why it
is necesamy to use the solid mm, 19-wire strandj and the 7 by 19 cord
for staya. It is self-evident that the wire stay IS km &tic than the
19-wire strand, also that the strand is less elastic than the 7 b 19 cord,
also the stre

%
c?varies considerably, as can be dqtennine by com-

parison of tab as given before, and to aUow a qmck compmison we
give below:

&lllPd Of 8~ 8tTCi@h.

. I Materbll. I Dlwnotor. I
mmtmlhd

I
strm#of

I

I
Inek. Powaa. POlm&.

Wig . . . . . . . . . . . . . . . * 5,100
Strand.....-. ----- * M8 4100
7by19mriL . . . . . 1% & zoo 3,600

I I I I I
)

American practice covers both the wire and 19-wire strand stay and
foreign practme requirtw the use of 7 by 19 cord for stay.

The table above shows how much more efficient the wire and strand
stays are for the same- diameter and therefore we are led to believe
there are other considerations just as important as strength, such as
the elastic stretch of stays, flexibility and fatigue values of material

.
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w+ich maybe governed by the construction of stay, snd we believe
these points should be investigated under field conditions as well as--
laboratory item%.

We hoped to give this report stress-strsin disgrsm for the solid ti-e,
llkwire strand, ~lso 7 by 19 cm-$ so that the mQdulus of elasticity
could be detarmmed for any desred load and elsstic stretch of stay “ ..

calculated for comfimmon. We vrere unable to complete our teds in -
timq and therefore iE you decide this is of vslue we will be leased to

%submit these diagrams and an other data developed. H m ration of
Fstays is a factor, the relative atigue value of the three constructions

-would give interesting data.

Respectfully submitkd.
JomJ A. RODBIJNG’S SONS (k.,

By C. C. SUNDERLAND, Engineer.

(kvestigations under direction of C. C. Suuderlsnd, H. J. Horn,
and D. Green.)


