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From the  data given In Table  1  It  Is clear that  the alloys 
with high and very high electrical conductivity most widely used 
in practice differ widely from one another In terms of stress- 
rupture strength and are noticeably Inferior to the alloy of the 
type Mts-5A at  temperatures of 300-500oC. 

In terms  of ultimate stress-rupture strength  (^TQQ)  at 
50?oC,  a]l of the alloys can be arranged In descending order: 
Mts-5A(Mts-5A)  * Br.  Tsr.  0.37 * Br.   Tsr.   0.18 ■*■ Mts-^A ■+ Mts-5B + 
- BrKh 0.6 ■* MK •*• copper. 

in terms of short-time ultimate strength (ob) at 500oC the 
alloys  fall into a somewhat different  series:    Mts-5A  (3^ kgf/mm  )- 

- Mts-^A  (29 kgf/mm2)  ■> Br.Kh 0.6   (29 kgf/mm2) - Br.  Tsr.   0.37 
(23 kgf/mm  ^   - Mts-5B (27 kgf/mm2)  ■*  copper (11 kgf/mm2),  although 
In this case  the Cu-Cr-Zr alloys  turned out to be stronger. 

Under conditions of lower temperatures (20-30GoC) and with 
somev.'hat different treatment conditions (Table 2) the Inw-elloy 
f*u-Cr-Zr alloy type Mts-5A turned out  to be once again in  first 
place. 

Working temperatures in the  20-300°  limits are the most 
wiiely encountered for copper conductor alloys,  in particular 
If -.ve are  considering collector materials.     Therefore not  only 
the  absolute values of strength characteristics, but also their 
stability with  a change In temperature and hold time at a given 
temperature are Important  for such  materials. 

From the data in Table 2  (compare treatment regimes 1 and  3) 
it is clear that the low-alloy material   (0.151? C? ?ind 0.15'? Zr) 
behaves very stably under conditions  of prolonged heating 
(1000 h)  at  200° after hardening heat  treatment  (quenching and 
aging).     Prolonged heating at  200oC of aged binary alloys 
Cu-Cr and  Cu-Zr reduced their ultimate strength and yield point 





best results during spot welding of the aluminum alloy AMG;6, 

where not only stability but also the absence of transfer of 

copper (expressed In darkening of the welded spots) is important. 

Table 2. Mechanical properties and electrical conductivity 
of copper alloys at 20-300oC after various treatment 
regimes. 

ttl fMH i.y. 

?»• 

«r/di»' «r/M.«" y * 

/re« 

HI /m» *. % 

Regime 1 

(quenching + aging) 

U.15% Ci 
O.i'i It 
0.l5«Cr 
M 11.1;.%  Zi 

H tf.lifa Ma 
*K'i\ Cf u ' 
y.if.', cd 

('.3 % Cr 
M H.I4«, 7.r 
0.3 % Di- 
ll 0.11", Mg 

% :;« IS 111 22 16 ft 17 14 
U2 ;s 10 2Ü 25 J.I 25 22 15 
-JO .•<:> • •J3 24 30 18 20 25 — 

no 35 Of) 20 28 — 20 23 — 

tft JO IT 28 22 15 20 2i> — 

Regime 2 

(quenching + cold working to 5«$ deformation) 

tut 48 43 13 — _ — to 38 

m 42 33 8 — — — 35 32 

15 
16 
24 

2(1 

22 

10 

14 

Regime 3 

(holding 1000 h at ?00o .-n'ter quenching and  aging) 

95 27 17 •>■) 

03 27 15 25 —         
■Ji) 35 23 19 

".2% Zi- 
".15 Cr 
»".IjyiZr 

Designations:     HV/AV
2
  * kgf/mm2;   M *  and. 

As  is known,  besides high physicomechanlcal and heat- 
resistant  characteristics,  commutation stability is of major 
cignificance  for collector materials.     Alloys  of the Mts-5A 
4ype show good results in this case  also.    Thus, according to 
data from VNIIEM [All-Union Scientific  Research Institute of 
Electromechanics],  resource tests of»Cu-Cr-Zr alloys as collector 
materials showed good wear resistance and go^d commutation 
properties for these alloys, which can be  used  for d-c electric 

motors with  EG-^7K brushes at a working temperature of 200oC. 
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Whereas fifty years ago [4] we regarded Cu-Cr-Zr alloys 
as experimental, since at that time our Industries had no 
factory-scale   vacuum furnaces, at present we possess the entire 
base required to carry out centralized Introduction of these 
Soviet alloys.    It was no accident that beginning in 1962-1963 
the Western countries not only began extensive studies of Cu- 
Cr-Zr alloys, but also began their wide Introduction,  carrying 
out long (1000 h) and extremely long (10,000 h    and more) tests 
at high temperatures [2].    The addition of only hundredths of a 
percent  (0.05-0.0750 of zirconium to the alloy Br.  Kh 0.6 
noticeably increased the mechanical properties of chrome bronze 
and mainly   made It possible to manufacture this alloy under 
exposed conditions of smelting and casting.    Bronze Br.   KhTsr 
0.6-0.06 has already been mastered by our Industry and has been 
widely used  (for example,  the Volga Auto Plant)  as an electrode 
alloy.    Unfortunately, we cannot recommend Br.   KhTsr 0.6-0.06 
for welding aluminum alloys,  since by comparison with the low- 
alloy Mts-5A alloy It provides bu: half the number of spot welds 
cr: alloy A?"g6 before they become darkened. 

Very promising alloys in the third group Include Br.  NET, 
containing on the average 1.6% Ni, 0.3^ Be, and 0.1^ Ti   (this 
33 a variant of alloy Mts-3)'    A very Important  feature of this 
bronze is. In addition  to high stability, the possibility of 
industrial manufacture of the material from inexpensive wastes 
from production of Br.  B2, Br.  B2.5, Br.  BNT1.9. 

Since vie cannot examine in detail  the extremely hip:h physlco- 
mechanlcal properties of Br.  NBT, we will refer the reader to 
literature sources [5,  6] and we will present here data on its 
industrial use In welding various steels and heat-resistant 
alloys.    Thus,  for example,  during seam welding of stainless 
steel using rollers of Br.   NBT, It has proved possible to weld 
4/2 running meters under factory conditions, while  only 3^7 running 
meters could be welded using rollers made of existing anc* 
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expensive Fngilsh alloy (Cu + 2.5% Co + 0.5%  Be); with rollers 

or Mts-5B the total Is 187 running meters, and for rollers of 

Br. Kh 0.6 it is 125 running meters. During spot welding of 

stainless and other steels and heat-resistant alloys the 

stability of Br. NBT Is, on the average, 5-8 times higher than 

that of Br. Kh 0.8.  The annual economic savings from the 

introduction of welding electrodes made from bronze Br. NBT in 

rold-rolling shops on only four of our largest ferrous metallurgy 

plants amounts to 900,000 rubles. 

The elastic properties of Br. NBT are quite high 

icQ  0c ^ b0 kgf/mm ) and in a number of cases It can replace 

extensive high-berylliurr. bronzes. Bronze NBT has been produced 

industrially since 1962, being cast Into Ingots by the modern 

senlcontlnuous plant method in any required quantity. 

The Soviet conductor alloys Mts-5A and Br. MBT were named 

t'w:  finest electrode alleys at the International Congress on 

Wei.iinK held in Warsaw in 1968. 

Finally, promising alloys in the fourth group, with 

electrical conductivity 30-50^ of copper and high heat resistance, 

Include Br. ZhNBT, containing 1-2.556 Fe, ?-3%  Ml, 0.2-0.5%  Be, 

'.2-0.^ Ti, and Impurities of Si, B, and other elements. This 

elr-ctrode alloy is intended for spot and roll welding of alloys 

Kith various thermophysical properties and different thicknesses 

(greater than 2:1). 

!>; foreign practice such specialized materials are welded 

with electrodes of pure molybdenum, which has electrical 

conductivity on the order of 30-35!^ of that of copper, together 

with F. V. Korolev and F. L. Chuloshnikov, we tested spot 

welding of sheets of high-strength steel (VNS-2) and the heat- 

resistant alloy VZh-93 using electrodes of Br. ZhMBT, with 

FTD-HT-23-0157-73 n 



2 
high heat resistance (O^QQ with 500° more than 20 kgf/mm ) and 

electrical conductivity 30-35^ of copper.  In terms of depth of 

fusion and stability of electrodes the results were 1.5-2 times 

higher than with the application of the existing electrode 

alloys Br. Kh and Br. NBT. 

All of the prospective conductor heat-resistant copper 
alloys examined above were developed using the principles of 
alloying whose basis was  laid In the works by A.  A.  Bochvar 
and his school [7, 8], 

Conclusion 

1. The alloy type Mts-5A, containing 0.15-0.35? Cr, 
2.03-0.25% 2r,   (remainder copper of high purity) and possessing 
the required combination of heat-resistance and electrical 
conductivity, is recommended  for spot and roller welding of 
e'.uminum alloys of the AMg6 type and low-carbon steel.     At the 
s^me time this alloy can be used as a collector material. 

2. Bronze Br.  NBT,  containing 1A-1.6% Ni,  0.2-0.^ Be, 
and  0.05-0.15^ Tl  (remainder grade Ml copper), provides very 
excellent results during butt  welding of stainless steels and 
heat-resistant alloys.     Manufactured  from Inexpensive waste 
products  from the production of high-beryllium bronzes,  Br.  NBT 
can In a number of places substitute for expensive beryllium 
bronzes. 

3. Bronze Br.   Zhl-'BT,   containing 1-2.5? Fe,  2-3% Nl, 
0.2-0,5% Be, 0.2-0.^? Tl   (remainder grade Ml copper),  possesses 
high heat  resistance and moderate electrical conductivity;  it 
is  recommended for welding high strength steels with different 
thermophysical properties  (sheets of different thicknesses). 

FTD-HT-23-0157-73 12 
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