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Contaot Besistance. 

Nearly every possible loss of 1?ower a~.; out a 

dynamo has been investigated more or less thor­

oughly and efforts made to eliminate such loss 

by ca:reful design of the part in which the loss 

occurs. 

The losses at the bl'usflfiS due to friction, 

electrioal res.istBllce, etc. have been invest'igat­

ed sevel'al times but the result~f these tests do 

not always agree wi th each other and in so £&1 

as they do agree are not generally =,-nown. ~t 

is usual,,·1n finding the losses 0 f a machine, ai th­

er eX1)el~ imental:'y or by calculation, to include 

the brush losses with the load losses. The 

actual value of the losses at the brushes is 6e1-

dcm kno\m. 

Consideration of the lack of cert2in know­

ledge of this subjeot, leo us to attempt this 

iaveEl1; 2;.6a:!IOIl. It wa.s our original intention 

to investigate the voltage drop and contact re­

sistanoe of several kinds of brushes at different 
.... :.\.{~ . J 

ourrent densities, dif:te,rent brus.~·· p:re8sure6, 
, . ~j ~ 
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d1fferent speeds of rotation of the commutEl,tor 
different 

or collector rings, frequencies of alternating 
_ It 

our :rent t eto. 

(Since beginning to investigate this sub­

ject our attention has been called. to tests 

made by a German Engineer. Doct () l' Kahn. He 

has made a. thorough inveetigatioD. oovering all 

the details mentioned above.) 

w. spent a great deal of our time in pre .. 

paring aplJaratus antl eetting ready :fOI' the test. 

We first arranged. a com~: ~utat6r, short-cireui ting 

all the bars and mountinc it on a. shaft which 

could be rotated at -different speeds by means 

of a vE),riable speed motor towhlch the shaft 

was connec ted by belt rolQ pulley. The com~~:uta-

tor hrllshes were al'!'aneed- so the. t the pressure 

could be ad.justed. and 1)rovis1on was made for 

me ~ suring this pressure. We also provided an 

auxiliary brush for taking --the voltage drol") 

from the m8.in brushes to commuta.tor, or from 

conmutato:r to brush when a current was sent 

throu,Jl the commutator from brush to brush. 

Before this a])"~)a.:ratuswe.scom:plet.d we 

jb:ought of a :plan for trying the contaot 
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resistance of different conducting / materials by 

taking strips of · these substances . pressing them 

together and ' sending a current across t]-:e junction. 

VIe arrti.nged the al'~)aratus as shOTIll in :n"aqram 

on next page. ~he contact-peices were held 

together between two blocks. One of these 

blocks was fastened ric idly to the bench, one of 

the c ontact pieces placed aeainst the l)lock antl 

the other contact Diace placed in proper position 

against the first. The last block, a light .. 

wood piece. was then :place (l a.gainst this and 

held in pos1 t10n by the cord which passes th:ru 

_ the pulleys and UI> tQ . the spI'ing b c.lance as 

shown. The movable "block was not allowed to 

touch the bench so triere w':'s very little fric­

tion in the system. Correction was made for 

the weight of the pulleys. Th~ force was re-

duce c1 to pounds per square inch of conta.ct sur­

face and plotted i r curves • 

. Electrioal 'ccnnect10ns were made as shown 

in Fig. fl . • . The source il f SU1?l;ly WE!S the 110 

volts D. C. 'ma.ins. The cur_ant taken was ad-

justed by means of the lamp bank in the circuit 

ae Shown in diagram; fi~.r adjustment was ob­
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Diaqrarn Showin9 the /I1ethod of' 

measurIng the pressure. 
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tained by means of the rheostat in series. The 

current was kept in the same direction thru the 

circuit. Two single pole double throVJ switches 

were put in the voltmeter circuit so that by 

simply throwing these switches in the right com-

benation the one voltmeter could be made to read 

the voltage drop from a to b, from b to C J or 

:from a to c. We took several curves with this 

alrangementof connections with varyinc cUj' J8nt 

and also several wi th vnrying preEsure. ' We . 

then notioec1 that even thougl1' the l!l'eSSllre , w[~sJth. 

same and. the two junctions mE.de as nesrly alike 

as :poss~bl. there was yet a diffelence in the' 

resistance of the two :·oints. Since we wished 

to see whether thtfresiatanee was the same f01' 

CUI rent in different directions J we discarded tl'lis 

arl'ang "ment of connection and during: the remainder 

of the test made use of the connections as shown· 

in F1g.3. b this method the resistanoe of only 

One junction was measured. 

Raving obtained the resistance YJaenthe 

current was f'lowinc in o·ne direction, we revelced 

the current by mesne of the reversing sWitcl'\(at 

the same time throw~ng the reversing switch in 
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the voltmeter circuit) and measured the resistance 

wi th the current flow .Lng in the oP:i)osi t. direction. 

Cal'bon and ~op~)er were the first contact 

mate r ials tested. 

These materials wer e selected because t hey 

are the ones usually used f .) r brush ar:.d comn;utator 

respectively. 

In taking the read.i pe s . with varying cUJ'rents 

we found that the voltage across the junction was 

not the saine when we were d.escending on the cur­

rent curve as when aec&ncling from the zero value. 

We attributed this clifference to the difference 

of teml') erat ure on ·the, two curves. On going up 

from zero the temperatuI'e at any point of curve 

, was le'ss than that on the descending curve at 

the same current density. 

To determine the eff ect of te mperature we 

drilled a hole in t he carc on strip a.nd inserted. 

a thermometer bulb and too~ the tempera ture 

readings at the same time that we toO~( the 

vol tage, and cU.rren t values. 

~ests were made with cur r ent denf i t ies of 

0, 10, 15, 20, and 25 amperes :per square inch 

and the resistance in each case was plotted 
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against the tem~.ratur •• 

We a.1so took curves of resistance a.gainst 

pressure at constant current density and constant 

temperatura. 

In every case the reaie tnnce W2.e greater when 

the current was flowing from' cari on to COll}?er than 

when it was flowine from copper to carbon. This 

. difference of resistD.nce increased wi th the tem-

De1ature as shown by the curvQs. 

This 81)parent difference of resistance of' 

the junetion of currents fiowine in the dif­

:('erent directions through the circuit wes aue to 

Thermo Electric effeots. 

The fact that an electro-motive force is 

produc'ad when the two junctions of two different 

metals are u~ ; equally h8Bted, has long b :- ~ en 

known, l)ut, so far as we know, has never been 

cone.idered in connection with dynamo bl~us : lea 

and COnimutators the value of the electro-motive 

force being considered too small to nieri t at­

. tent10n. 

We were not able to find any data of ex­

periments in .thermo-electricity when carbon waS , ~ 

on, of the subst &nces used. 
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The existence of thermal-electro-motive 

forces may b. shown by sending a current around 

the circui't . by means of a battery or other out-

side source. There will" be a rise or fall of 

temperature at the junction depending upon the 

direction of the current. This shows that in 

one direction there is a force OP1Josing the 

flow of the curl'ant in the other dil'action 

there is a force aiding the flow of cUT r ent. 
to 

This effect was noticed a sli~lt extent in our 
/\ 

work. It was not very mal'ked, however, probab-

ly because the thermometer we used was not sen-

sitive enouGh. 

~he 01,)ll 061116 effect of the thermal-electro­

motive force acts in the same direction as the 

resist ,>nce drop and n:akes the a:p~ a.rent resistance 

of the junction greater than the real resist8nce. 

The aiding electro-motive force acts to overcome 

the l~ esistcnce drop ana makes the aFparent re-

s.1st e.nce less than the real resi Etance. 

C~rve numberl in each case shows the 

variation of r esistGllce when tile current V/ flS 

now1ng from the carbon to the cop:~: e!' ; curve 

number 2 the val'iation of resist ance vilhen the 
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current was f lowi n , f om 00 .4; . ~ er to c ar~ ) on. 

The true resist ~nce cu rve would come mid-

way betve en the two r's s i s t ::nce c urves as ~ lotted • . 

Lo ok i ng at t ~ e eu ves it is seen t h t the 

resistance de cre ases ~s t~e tem _eTature incre&ses . 

Thi s i s )roba~ ) ly due t o the negative teml,e ra "ure 

co-efficient of t he c ar bon . 

The F esist ance- l)r e ~ s ure curve s h ows t ha t 

t he r es i s t ance a t f i rst dec e ses qui i,e ral.~ idly 

a~ t he pre 0sure i ncre cses, becomi ns more and more 
nearly 
co:. stant at t he hiche r l)re Ssures . 

- 8 -

















































Simitar tests were made using cast-iI'o~ and 

. c~rbon as the contsQt pieces, Com:pa~ison 0 f the 

results ob t atned when we used cOPIH~r and .. carbon 

wi th those obtained when we use c1 c ast iron and 

carbon shows that ' the resist ance under orainary ' 

working conditions is slightly higher between 

cast iron and. c arbon, than between COP1)el' and 

, .... car'bon. The resistance variation with tem-

perature is neaI'ly the srune i n the two cases. 

The thermo-electro-motive force produced 

is not s ; great with c ast iron and c &~ ; on as 

wi th cOPl; er ana car bon. 

The difference of resistance to bu: rents 

flowing in the different direotions is therefor • . 

very small. 
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Ou~ time was all taken up with this work 60 

tha.t we did. not gat t ,o the ,tests with commutator 

and brushes as was OU1' original intention. 

The al? ~~aratue wh ~ ch we ' prepared for this 

work is left in the laboratory for the use of 

anyone who desires.to investigate the subject. 
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