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OTTAWA 	April 250  194E, 

REPORT 

of the 

ORE DRESSING  AND METALLURGICAL LABORATORIES. 

Investigation No, 1850. 

'Metallurgical Examination of Copper Trolley Wire. 

Source of  Material  and Object of Investigatiml:  . 

Under fate of March 150  19450  Prof, F. A, Forwarl, 

Technical Director, Br .;.tish Columbia War ketals Research 

Board, The ILiversity of British Columbia, Vancouver, B 0 C„ 

submitted two lengths (approximately *  15 inéhes each) of 

Copper Trolley Wire for torsion testing in accordance with 

A 0 3 9 T 0 U 0  Specification No, B49.39, In additicn e  seven smaa 

specimens  were submitted for qualitative spectrographic z.:naly-

sis. 

In a lettar accompanying the material e  Prof, Forward 

stated tbat these specimens repreeented trolley wire purchase 

by  the B,C, Electric Railway Company during the past 15 year e 

 most of lt  within the past fiva years  i qualitative  speC:,re-- 

graphic  analysis of these materials *as requeeted in order  to 

determine  whether eny unusual amounts of irpurities miee  nt 

present, 

It was also stated that the trolley -wiree were 

by  fatigue duo to surface defects, A copy of the Poard9e 
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73-2-1 

73-2-2 

73-2-3 

Copper 

73-2-4 

Mg, Fe, 5., Pb, 
Ca, V, Cd, 

.  Zn, In? 

Mg 

 

It 73-2-5 

Fe,  Si, Pb,  Al, 
Ca, V, In? 

73-2-6 

V 	 Fe, Si, Ca, In? 73-2-7 

It Mg,  Fe, Mn, 
Pb,  Al,  In? 

73-2-22 

Mg,  Fe,  Si, i-b$  
Al,  Ca, V,  ;.7.7 
In? 

73-2-B 

Ottawa  Ilectric 
Railway, 2/0 
Trolley  Wire Copper Ti, rg? 

- Page 2 . 

(Source of Material and Object of investigation„ conted) 

dealing with these failures vas enclosed.  A  method of inspe-

tion  of  a sample of new wire for surface defects was described ... 

 This consisted of Gleaning a 10-foot length of new wire with  a 

10 to 25  per cent solution of nitric acid in water, washing with' 

water,  and examining e  This procedure, if desired, could be 

carried out  on every 50 to 100 feat oS wire. 

It was admitted that this was a rather tedious method 

of inspection  and suggestions of any other method that would 

facilitate  location of flaws prior to breakage were requested. 

Spectrographic  Analysis: 

A qunlitative spectroersphic analysis of  the samples 

submittee  showed the following elements  t.;.  be present: 

	

e—reele 	 : Strong: 

	

Number 	: Constituent: 	Trace : Trace: 	Faint Trace. 

Mg, Si,  Fe,  In? 

Mg, Si,  Fe,  :n? 

Mg,  Fe, Mn,  $ t, 
Ca,  In? 

Mg,  Fe,  Si, P. , „ 
Al, In? 



MH011ANICAL USTS: 

Twist Test . 

The two eamples maeked 73..2-5 and 73-2-7 were «,eeted. 

in accar.ittnce with A.S.T.'sl. 'epecification B47-39 and withstood 

nine twists without ehowino any eigns of breakage er surface 

imperfections, 

Tensile and  FatiEue Taste  - 

Specimens machined from the two namples submitted »  

and also a sample of 2/0 galke copper trolley wire made by 

Phillips Llectrie Manufacturins Gampany Limited, Brockville, 

Ontario, for the Ottawa Electrio Railway Co., were found to 

have the following tensile and fatigue properties: 

Tensile Test 
----i=iStim=am-er-7-irreelameter=eriiera....on, : neductre---- 

 »arked : of titre,  ; Test Bar, 	:Stresc, : per_galltA_ : in Area, 
--els.---s 1.--- 	 e '4,2 * 1 0 el--YikMâ:I--.-1-2.92-MIL_ 

73-2-6 	0,460 	0,282 	57 3 400 	15,0 	 54.8 

73-2-7 	0.460 	0.282 	56,400 	11.0* 	55,2 

00.R. 	0.365 	0.282 	60,000 	14.0 	50,0 

B47-.39 	0.460 	- 	d£; 0 000 	3075** 	. 

B47-39 	0 0 365 	. 	52,900  

• Broke at gauge mark. 

*4  Elongation, per cent In 10 inches. 

B47-39 A.S0T.14. t..:eccatin for 0 0 460- and On365- inch 
diameter copper trolley wire. 

Patigae Tests - 

Fatigue tests were made by the rotating cantilever 

method on Krouse high speed  fatigue  teeting machinene SpeeAmeu 

were maohined  frein  Semple 73-2-7 from the B.0. id,lectric ane 

a sample of 2/0 wire used  by  the Ottawa Electric Railway 0e, 

Te  tests were made on solid rotating mpecimens of the dimen 
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0.176 	:  16,000 :i-20,000 0 000 

	

0.177 	: 17,000 :+20e u000 000 

Broke. 
•••••■•■■••••••••■••••••111 
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(kechenical Tests, sont , d) 

shown in the  following tabulatioDs  of results. The machins 

were operated  at  a speed of approximately  90 000 revolutilns per 

minute.  The endurance fatigue limit was  estimated on a baie 

 of twenty  million reversals of stress,  which  was  considered to 

ad,Jqusto to etermine the comparative fatigue  etreneh of 

these two samples  erhe fatigue . strength of the 8000  Electric 

Railway sample was approxlmatsly 19,000  pounds per square lnoh 

and that  of the 2/0 wire  usod  by'the  Ottawa Electric Railway 

was  slightly  less than 20,000 pounds per  square inoh. 
ange Test Results: 

nA u 

VIL:treJ194  
Diameter of 	Fatigue: 1 Number 
Test Bar, :  Stress,; :  of 

inch 	Cycles *-.2.0scereszzemegialm.m.«....zimemgme 
Remarka 

• 
O • 

	

0.225 	: 25,000  :  1 0 163,000 

	

0,221 	: 20,000  :  11,016 0000 	: 	9  

	

0,221 	: 19,500 : 14,4131,000 	: 
• • • • 

:  Broke, 

0.22.3 	: 19„ ,)00 :+,30,000 9 000 	. . No break. 
. 	. 	 . . 	 . 	 . 

0,221 	: 18,000 :+20 0000,000 
• 
	 ■•••■•••■ 

ttawa  Electric Railway Trolley Wire  2/0. 
Dame ter  of : Fatielee Number 
Test  Bar, : Stress,: 	of 

nch jzCs 
 

0.180 	: 15,000 4+20,000,000 	: No  break. 
• 

It 	it 

:  Remarks 

• • 

0 

•••••bre0 

00180 	: 18,000 :+20 0 000,000 

0.180 	:  20,000  :  18,862,000 
• • 

••■••••■••■••••■•••••••••■■•■••.............e•meer. 

Hardness  Tests - 

The hardness of the three samples was  determined by 

the  Vickers  method0  using a 5-ki1 ogram  load. The followiri- 
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(Mechanical Tests, cont , d) - 

values were obtainedg 

Sample 	Vickers 
Number 	Eardness Number 

73-2-6 - 	124 

73-2-7 - 	120 

124 
AllyommeelM■■••■•••■••••■•■■• 

Microscopic ixaminatlon: 

Specimens of the wires were mounted in bakelite, 

polished, and exam:àled under the microscope in tho unetched 

condition 0 ele inclusion content of copper oxide present 

was considered as average for this type ry2 copper wire, The 

samples  vacetwe  etched  1h  an aqueous solution of potassium 

diehromate. ..1,he etched structure of the 	aectric Railway 

w  ire  1z shown in ?igure 1. 

\ 	 • 

, 

X60De  etched in 
potassiun dichranate 
solution. 

IIIICROSTRUCTUR 0? 
B.C. EleXTRIC RAIL-
WAY *SIRE. 
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Discussion of Results: 

The samples of coweer trolley wire submitted  had  the 

specified mcchanical proorties given in A.S.T.. Specificatier 

B47.big for copper trolley wire. The tensile and fatigue proper-

ties compared very favourably with rire used by the Ottawa  Elec-

tric Railway Co. and r.anufactured by  the  Phillips Uectric  Vanu-

facturing  Company Limited, Brockville, Ontario. 

A  qualitative spectrographic analysis snowed only . 

 traces of residual elements to be prosont. However, the number 

of elements detected was é;reater in the B.C. aectrie Railwar 

trolley  wire than  in the ottawe Uectric  Railway sample. 

A microscopic examination showed only  a  small mmbunt 

of copper oxide to be present in the two samples examined. The 

,  quality present was considered normal for  tough pitch  grade  of 

copper. The structures were fine grained, 

The results  of the tests  carried out  in these Labor-

atores on the  samples subritted indicate that failure of  the 

wires in rervice  MIS not due to any unusual chemical eamposi-

tion which would adversely effoot the faticue  strength of the 

vire. 

Failure, therefore, must have been duo to same othez 

cause j  such as surface imperfections shown in the L.C. War 

Letals Research Board's report. These defect2 would act as 

stress raisers and lower the fatigue life  of the  wire. 

Failures of this type  can be avoided, or minimlzed 

by carefUl inlpection of the wire efore It onters  service  aïni 

reGular  inspection at short intervals In the  service life. 

(See Appendix). 
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APpeeuu 

Tho In.?pection of trol1e7 wire :or  surface  defects 

nay posolbly be divided into two headin.2;e s  nameay: 

I0  -  Inspection  of Trolley Wire in  Uanufecture 

Inspectim  of Trolley  'dire in  Servie°, 

.1111»1101 

I° - '1-m:set:ion of trolley wirü„ either In maau- . 

facture or "as received °  by the customer, might ha zarrieri 

out by one of the fellowinï,  :-eth0de: 

(u)  Zyolo, a method  of inspectîon of non-
magnetia metal  parte under blacm lîiçht  t  detect, by  . 
fluoreseent  indleatione, 	iiific&r ditinuitiesc 
Manufactured by 	aflux Gorporation, 5S03  Uorthweet 
Hieway, Uhleaelo, 111i1ci13, U.S°A° 

(b) 41  trontc :;por'ry AcrAric 
Pla-! DetecfUr To7 ---- -;t1. ■-)n of fer -,us and  non-
ferrous bar stnk. 

*  (e) 	 Tieferonco oe apt211at1on 
can bo obtalned rAm  T.3Fir1rio deeeareh Foundation, 
Toronto, Ontario° 

II. - Inspeation of tr ....ey telrb  in  .serviee is 

:enorally  carried  out by  a visual luspection of  the line s  

preferabl7  at night, usinz  an  elevated  truck und a  spotlight. 

Tbis method ilas been found to be cluito satisfactory by a' 

number of traction companios. 

11.4-2e  fo1I,win 	, Lformat:i.on lerli3 submitted by the 

Northern Texas Traction Oompany, Fort  'jorths  Texas, and le 

the method of inspection now In successful operation by the 

Ottawa .i:lectric  Railway  Co7ipany,  Ottawa, )ntario. 

°Periodic Inspections are made of each 
lire at least eiver7 three months.  This  is a general 
inspeetiun and includes tectin of lightninê; arresters 
and prounds s  inspecion of span wires, feeders, ïcelec 
er.d  fittings. This inspection is made during the 
A weekly Inspeetiom is made of trolley wire frog;:; 	 • 
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AS ?MOUD PIU;M 
TROL= LINO. 

PUA,JTURAD  Ii OP2M21) PP 
T.) SHOW TUO STAiiT OF ." 

CRACK AT A. 

- Pee  8  - 

(Al)pendix, contid) 

other trolley spacial  vork,  rChle latter inspection is 
made at niet bra trouble crew,  of two men, which is 
on duty until 1.00 a.m.  eor this inspection a portable 
automobile spotlight lz supplied to the man on top of 
the tower truck who  cives  the wire  end fittings  a  ver7 
close examination as the  truck travels along the track 
at about four miles per hour.  The use  of this spot-
light permiî;s a much closer and thorough examination 
than inspection made by daylight, when the inspector 
must look at the wire flalnut a bright sky. 

Intorruptl.ons to service have bcon 
reduced by these sytematic inspectins  am tney nave 
more than paid tor themselves by catching trouble 
before serious damage ras  done." 

A weekly Inapection le carried out by the Ottawa 

1!:lectric aailway of  th a trolley linos in the downtown area. 

Figures 2 and 3 are photoGraphs illustratina a fatigue 

failure spotted on one of these weekly inspections, 

q■■•• 	 MORI 

(Approximately to  si).  
It■•■• 
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