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INTRODUCTION 

The study of the physical properties of the manganese-copper 

alloys is an intriguing one. These alloys show promise ot usefulness 

in instances in which high internal friction is needed to reduce the 

noise and vibrational stresses at resonant frequencies of a part of a 

machine. The purpose of this study has been to learn more about the 

internal friction o£ manganese-copper alloys as a function of te~era

ture, stress aq>litude, frequency, time, andpast history of the 

specimen. From this information the mechanism for absorption of 

vibrational energy is proposed, or at least some progress has been 

made toward its determination. 

The capacity o£ a vibrating solid to convert mechanical energy 

into heat, even when isolated from surroundings, is commonly manifested 

by a loss of amplitude of a freely vibrating b~. The processes 

in the material which absorb vibrational energy are caused by internal 

friction. A perfectly elastic material would sustain a mode of 

vibration forever. 

There are several wa;rs in which a metal may differ from an elastic 

material: it may undergo plastic flow or creep, behave· non-elastically, 

or behave anelastically. These are types of deformation without fracture. 

Creep is a deformation which continues to increase as long as the stress 

is applied. Strain is proportional to stress in a non-elastic material 

and there is a partial recovery after the stress is removed. Zenex2:§/ 

defines anelasticity as "that property of solids in virtue of which 

stress and strain are not single valued functions of one another in 
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that low stress range in which no permanent set occurs and in which the 

relation of stress to strain is still linear." This means that a step 

force produces an immediate displacement but that there is a time delay 

in reaching the steady state or maximum displacement. 

Common methods of measuring internal friction include the measure-

ment of the decay rate or logarithmic decrement of a free mode of 

vibration which may be torsional, transverse, or longitudinal, although 

the decay of a torsional mode is probably the most often applied1 9 20 301. 

The angle between stress and strain in a driven torsional mode of 

vibration is a measure of the internal friction11/. 

The apparatus used in this study was a modified KelJ! torsion 

pendulum. The logarithmic decrements of free modes of vibration were 

measured over a range of temperatures for each specimen. 
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PROCESSES ASSOCIATED WITH I NTERNAL FRICTION 

An early theor.y of internal friction by Zene~ was that stress 

inhomogeneities give r i se to fluctuations in temperature, and hence 

to local heat currents. These heat currents are concurrent with a rise 

in entropy ~ich in turn was associated with thermoelastic internal 

friction . Zener thought that internal friction due to cold-work was 

a speci al example of thermoelastic internal friction. He pointed 

out that it has a maximum value at a frequency of the order of magnitude 

of the ratio of the thermal diffusion constant to the square of the 

mean linear dimension of the inhomogeneities in stress. 

Zene~ describes in mathematical terms the characteristics of 

a model which he called a standard linear solid. The differential 

equation for the model is equation 1, 

(1) 

F is the stress, y is the strain , Mr is the relaxed modulus of elasticity, 

Ty is the characteristic time for stress relaxation at constant strain, 

and Tf is t he time for strain relaxation at constant stress. The 

solution for stress as a function of time at constant strain may be 

found from equation 2, 

F(t) = MrYo + (Fo - ~o)e-t/Ty. (2) 

The solution for strain as a function of time at constant stress is 

expressed in equation 3, 

(3) 

If equation 1 is integrated with respect to time over a period so 

short that no relaxation takes place the integral is 
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(4) 

and 

(5) 

Mu is assumed to be the elastic modulus over a time so short that 

relaxation cannot take place. 

Ree~ describes internal friction as "a property of matter in 

virtue of which organized energy of imperfectly elastic stress is 

rendered irrecoverable, or unavailable tor mechanical work." Reed 

found the internal friction of well annealed single crystals to be, 

in general, considerab~ less than that of corresponding polycr,ystalline 

materials, and that the decrements of unannealed crystals ~ · be as 

large as those of polycrystalline specimens. 

It has been observed that atoms of solute in a solid solution 

may diffuse through the lattice to nuclei of precipitate or grains of 

precipitate and become trapped. The grain grows as more atoms are 

trapped on it. This removal of atoms from solid solution~ absorb 

energy and contribute to internal friction. The solute may be either 

metallic or nonmetallic atoms. The diffusion ot an atom from one 

lattice point to another or to an interstitial position is dependent on 

temperature and on the frequency of mechanical vibration. The diffusion 

rate is a maximum when the period of vibration is near the mean atomic 

jump time. The position of the intemal friction peak will also depend 

on the concentration of solute7 8 10 14 26/. 

If plots of internal friction versus 1/T at frequencies w1 and w2 

can be superimposed by a simple shift of axis, the relaxation ttme is 
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of the order e-H/RT. H, the activation energy in calories per mole, 

may be calculated from equation 6, 

(6) 

R is the gas constant, and T1 and T2 are absolute temperatures of the 

respective internal friction peaks for "'1 and w2• 

Ke13 16/ b d th t · bo d · •t · an ;nmnrtant o serve a gra10 un ar,y V1scos1 y 1s --~-

source of internal friction. He also found that the addition' of alloying 

elements, either metallic or nonmetallic, affects the magnitude of the 

internal friction peak, and that the addition of an alloying element also 

causes a second peak which is produced by grain boundary relaxation. 

Pearson and Rotherh~ found that the acti vation energy for grain 

boundar,y relaxation is not the same as that for volume self-diffusion. 

Wenig and MachlJ.rW calculated the activation energy for grain boundary 

relaxation from equation 7, 

(7) 

where T1 ~d T2 are the absolute temperatttres of the respective internal 

friction peaks measured at the same frequency for grain sizes as1 and 

Gs2• The value for the activation energy computed from this equation 

agreed ~th the value computed from equation 6. 

Ke15 found that the internal friction caused by cold-work increases 

with the amount of cold-work to which the specimen is subjected before 

and after recrystallization, and that internal friction decreases with 

annealing at successively higher temperatures until a stable value is 

reached. Ke also found that an increase in precipitated impurity content 

increased internal friction. 
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In certain aluminum-copper alloys K~ observed a stress dependence 

of internal friction which he called anomalous internal friction. At a 

given temperature it first increased, then decreased, with an increase in 

stress amplitude. At each stress amplitude there was an optimum tempera

t ure of measurement at which this internal friction was maximllll. 

Ke noted that his observations of' internal friction in both mono

crystalline and polycrystalline specimens of metals were consistent with 

the concept that internal friction is caused by · the presence of disloca

tions within the crystals of' the specimen. All models used for intrepreta

tion demonstrated an interaction between solute atoms and dislocations 

in which solute atoms are trapped by dislocations and conversely 

dislocations are immobilized by solute atoms. 

In the theory of dislocations proposed by Cottrel12/ there are 

described process of' interaction between dislocations and between dis

locations and other irregularities in the crystal which absorb energy. 

Two sources of' internal stress in a crystal which .ma_y interact with 

dislocations and absorb energy are particles of' precipitate and crystal 

boundaries. The stresses resulting from distortion can be relieved by 

migration of large solute atoms to the region where the lattice is 

e:xpanded and small solute atoms to the compressed region, but the strains 

remain. 

Cottrell stated, furthermore, that external shear stress mq produce 

dislocations of opposite sign in pairs. Dislocations of' opposite sign 

attract and their movement together will result in mutual annihilation 

if they are on the same slip plane; therefore, under external shear stress 
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they must acquire an activation energy sufficient to separate them at 

least the critical distance. At less than the critical distance for 

unstable equilibrium the external stress will not hold the dislocations 

apart. The activation energy, H, per unit thiclmess, is eJq>ressed in the 

equation 

(8) 

where G is the modulus of elasticity, (\is the dislocation strength in 

centimeters, 11 is Poisson's ratio, r 0 is of the order of 6•10-8 centi

meters, and R is the distance of displacement. Thus the production of 

dislocations in pairs can be a mechanism for internal friction. 
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SUMMARY OF PREVIOUS l'K>RK ON MANGANESE-COPPER ALLOYS 

Seifer~ and W0rre1123 27/ in studying the structure and internal 

friction of manganese-copper alloys, measured the logarithmic decrement 

of a transverse mode of vibration at 700 cycles per second. A peak in 

internal friction for a specimen quenched from 925° C. was observed at 

-?•c. Annealing at 625• C.for 72 to 144 hours greatly reduced this peak. 

They associated the high internal friction of this 88 percent manganese-

12 percent copper alloy with stress relaxation of the twins in the gamma 

phase, a solid solution of copper and manganese. 

Since internal friction of manganese-copper alloys has been associated 

ld.th structure, a knowledge of the structure is essential. Basinski and 

Christian6/ investigated the structure of manganese-copper as a function 

of temperature and percent composition of each element. The structure of 

the gamma solid solution is face-centered cubic at high temperatures, but 

as the temperature is lowered the structure changes to tetragonal. The 

temperature for the structure change for four compositions of manganese-

copper is given in Table l• 

Basinski and Christian reported that the temperature of the structure 

change is dependent on the composition and the grain size. Not all of a 

grain changes structure at once, but the change takes place in twinned 

bands which on a polished surface were tilted at an angle of 2° 5'. As 

the temperature is lowered new bands form until the entire grain has 

changed structure, as in a martensitic change. The change is reversible, 

but thermal cycling in the tetragonal region causes some plastic deforma

tion. The twins fonn instantaneously; the c/a ratio change of a grain 



TABLE 1 

The Temperature Ranges for the Complete Structure 
Transformati on from Cubic to Tetragonal of Soluti on
Treat ed Manganese-Copper Alloys . 

Compositi on Temperature Range of 
pet. by wt • Structure Change 

..11D... ...9J!_ 

88 12 no• c. to 150• C.o 

85 15 55° c. to 90° c. 

80 20 -1o• c. to 15° c. 

75 25 -70° c. to -5o• c. 

- 9-
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is non-homogeneous. The mechanism for the structure change is a double 

shear on (110) planes at a 6Q-degree angle. No internal friction 

measurements were reported by them. 

Basinski and Christian stated that the change in manganese-copper 

copper ~ like a martensitic transformation. This type of transformation 

is described by Cohenlf as "a characteristically insuppressible change in 

structure" in which "no atomic diffusion is required; instead, portions 

of the parent crystal \Dldergo a process of sudden shear to generate plates 

ot the martensite product. The transformation does not proceed by growth 

ot existing plates but by sudden formation of new ones which spring 'full-

bom' into existence as the temperature is lowered. n 

Rowland, Armantrout, and Wals~ have shom that the alloys with 

high damping capacity which are most suitable for structural or machine 

components contain from 60 percent to 80 percent manganese. They also 

found that solution-treated alloys of less than 78 percent manganese have 

cubic structure and low damping capacity at room temperature, 'Mhereas 

those of greater than 78 percent manganese have tetragonal structure and 

high damping capacity at room temperature. Aging solution-treated alloys 

at 375• c. to 450° c. results in gradual nucleation and subsequent growt.h 

of alpha manganese; in the case of alloys of leas than 78 percent man-

g1ne1e it results in a change from cubic to tetragonal structure as well 

as greatly increased damping capacity. 

Sickat~ investigated the internal friction of 75 percent manganese-

25 percent copper and 85 percent manganese-15 percent copper alloys as a 

function of temperature over a range from room temperature to 225° c. 
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The alloys were first solution-treated, and the internal friction as a 

function of temperature was II'.easured in a torsion pendulum. The same 

specimens were later aged in the temperature region for precipitation 

of alpha manganese and the measurement of internal friction repeated. 

Sickafus made the following observations: The solution-treated 75 per

cent manganese alloy had low damping capacity throughout the temperature 

range. .Aging the sample at 400° c. increased the damping capacity at 

room temperature, but at some higher ten;perature; which depended on aging 

time and aging temperature, the damping capacity dropped to a low value. 

On the other hand, the damping capacity of the solution-treated 85 per

cent alloy dropped to a low level at a temperature above 85° C. Aging 

the specimen shifted the upper limit of the high damping-capacity region 

to 145° C. In all specimens which exhibited high damping capacity there 

occurred a decay of damping capaci ty at constant temperature over a 

given period of time. The rapid increase in internal friction was 

concurrent with a decrease in dynamic rigidity in all specimens except 

one for which an internal friction peak was observed at 220• c. 

DarUngf/ suggested a mechanism for internal friction of manganese

copper alloys, employing a twin interface which is extremely sensitive 

to the precise position of atoms in its immediate vicinity. Movement 

of the twin interface is promoted by a low shear stress in a direction 

perpendicular to the direction of the stress, and will relax the stress 

completely if the twinned crystals are large enough. The atomic movement 

required to move the twin interface in manganese-copper alloys has been 

found to be exceptionally small and to decrease wi. th an increase in 

manganese content. 
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MODIFIED KE PENDULUM 

The Ke pendulum consisted of a wire with an attached inertia member 

suspended vertically in a vacuum chamber as in Figure 2. The suspension 

was made in four parts, the top section of which was a 1/8-inch-diameter 

steel rod with a brass flange on the upper end and a pin vise for holding 

the specimen on the lo~r end. The second section, the specimen, was a 

12-inch manganese-copper wire of 0.030-inch diameter. The third section 

consisted of another steel rod with a pin vise on the upper end and a 

square notch in the lower end to fit the drawing-instrument type of con

nection on the inertia member. The last ·section, the inertia member, 

was cross-shaped with a mirror on the vertical member and small iron 

weights on the ends of the arms. A pair of electro-magnets was attached 

to the walls of the vacuum chamber near the ends of the arms of the cross. 

A torque was applied to the pendulum by the force on the iron in the 

inertia member of the magnetic field produced by electrical pulses 

through the electro-magnet windings. The pulses were produced by manuallY 

tapping the switch. 

The vacuum chamber for the pendulum, which was designed by Sickatu.s6!tf, 

was in two parts; an 8-inch-diameter cylindrical section mounted with the 

axis of the cylinder vertical on a concrete block, and a removable furnace 

which fit on top of the large cylinder. The over-all length of the 

furnace assembly was 4 feet. It was constructed of a l-inch-diameter stain

less steel specimen tube, 3 cylindrical electric heating elements, insula

tion, a 2-1/2-inch-diameter brass flange at the top, and an !l-inch-diameter 

steel flange at the lower end. The electric heating elements were placed 



I 

!I 

'I 
/I 

T'-tr••••••le 

Ke 

-14-

]! 
, h r 

[lectre••••• t• 
" T" ........... 

lntrttO mtmbtr 

,, 

Ptndulum 

...... ..... , 



- 15-

around the center of tho tuba and balanced by adj usting the potential 

across each to produce a uniform te~erature in a region slightly longer 

than the specimen. The insulation was a 6-inch-diameter section of tran

site pipe filled with vermiculite. 

"0-ring" seals were made in the fianges joining the furnace section 

and the large chamber and flanges joining the upper specimen holder and 

specimen tube. There was also an ttQ-ring" seal in the hole through the 

upper specimen-holder flange for a ~8-inch-diameter thermocoupl e rod. The 

pressure w-~s reduced to a range .50 microns to 200 microns to reduce the 

effect of air friction. Cottell and EntwistleW' found that the air 

friction was greatest near atmospheric pressure and that it was negligible 

below 100 microns. 

The observation window in the lar ge chamber was made by cementi ng 

with shellac and latex a 3/8-inch-thick glass plate over a 3/4-inch by 

3-inch opening. 

The furnace was capable of producing temperatures up to 500° c. and 

was regulated with a Brown potentiometer controller, which by the on-off 

method controlled the furnace temperature within!. 0.5 degrees C. 

Sickafus in his investigations assembled the specimen in the pin vises 

in a horizontal position and lowered t he three upper parts of the pendulum 

assembly as one unit into the furnace. The furnace was balanced on a 

weight and pulley system and was raised from the lower chamber to attach 

the i nertia member. With t he pendulum complete the furnace was lowered 

in place and bolted to the large chamber. However, in this investigation 

the entire pendulum was assembled in a vertical position, and the three 
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upper parts were lowered into the furnace as the assembly progressed. 

The inertia member was attached either by the same procedure Sicka!us 

used or through a port in the side of the large chamber. 

Modifications of Sickafus' design as shoMn in Figure .3 included a 

cold chamber to replace the furnace and ext;end. the temperature range 

below room temperature, and a six-inch-diameter port in the side of the 

large chamber for access to the inertia member without the raising of 

the furnace. 

A coolant was circulated around the specimen tube of the cold chamber 

inside a jacket of 1-1/2-inch-di.ameter pipe 36 inches long and coaxial with 

the l-inch-diameter speciman tube. The cold chamber was insulated with 

a steel jacket seven inches in diameter and 46 inches long filled with 

vermiculite and sealed to prevent moisture from condensing in the 

insulation. 

Alcohol was chosen for a coolant when the pendulum was operated at 

reduced temperatures and was pumped fran a reservoir through the pendulUJI!. 

cold chamber by a centrifugal pump. A small amount of water in the 

alcohol caused no difficulties. Initially the alcohol was cooled by 

dropping chipped dry ice into the reservoir, but, this JD~Qthod was unsatis

factory because the slight reduction of pressure in the intake of the 

pump caused evolution of the carbon dioxide, llhich was soluble in the 

alcohol. The pump filled with gas instead of fluid and the flow of fluid 

stopped. At slow speeds the pump would not work at all, but at high 

speeds, maintained tor short intervals, enough cold alcohol could be 

circulated to reduce the pendulum temperature to a minimum of -10• c. to 

-Jo• c. 
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A heat exchanger was made from a section of 1-1/2-inch-diameter 

brass pipe. The closed end of the pipe was submerged to a depth of about 

2 inches in the coolant reservoir, and the pipe filled with chipped dry 

ice over which about 80 ml of alcohol was poured. When the retum stream 

of coolant from the cold chamber was directed over the submerged end fif 

the heat exchanger in the reservoir, the temperature range of the pendulum 

was extended to -24° c. It is possible to obtain lower te~ratures with 

this system by simply increasing the size and surface area of the heat 

exchanger. 

A modification which was abandoned was a system for circulating air 

over dry ice through the pendulum chamber. This system operated dole'l to 

-25° c. but it had several serious disadvantages: Air friction was 

greater than the internal friction of a low damping-capacity alloy; 

condensation froze on the inside of the systam on humid days; the 

ice film increased the apparent internal friction and caused erroneous 

temperature measurements; a desiccant was effective in preventing icing 

only when the relative humidity was low. The results from the ice-free 

runs, however, were correlated with later runs at reduced pressures in 

the fluid-cooled system. 

The frequency of the pendulum was known to be a function of the 

diameter and the length of the wire specimen, the dynamic modulus of the 

alloy, and the inertia of the pendulum; the frequency of the original 

Sickafus pendulum was approximately 6 cycles per second. In tests of 

frequency dependence of internal friction a reduction of frequency to 

about 1 cycle per second was obtained by means of another inertia 

member. At the same time the tensile stress on the specimen was increased 
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from 132 lb/in2 to 220 lb/in2• Since the internal friction measurements 

were made from the decay of the torsional mode of vibration, and the 

tensional and torsional stresses were of the same order of magnitude, it 

was desired to keep the tensile stress low. 

In the recording system a beam of light was focused on a mirror on 

the oscillation pendulum. The reflected light beam passed through the 

observation window to a 6-inch-square translucent screen which was 60 

inches from the pendulum. A continuous trace of the light spot on the 

screen was recorded by a 35 mm. flowing-film camera. Figure 4 is a 

sketch of the recording s.ystem. 

The maximum angle of defl ection recorded by the camera was 1.2 

degrees, or a strain of 5.2•1o-5 for a 12-inch length of 0.030-inch

diameter wire. The logarithmic decrement was calculated from the film 

over a range from 10 to 80 cycles at 3 or more strain amplitudes from 1.2 

degrees to 0.2 degrees. If ~ is the distance on a projection of the 

film from maximum to minimum of the trace of 1 cycle, and An+m is the 

distance from maximum to minimum of the trace m cycles later then 

An/ ~+m= em S ' 

~ = log dec = ln(An/An+m)/m, 

~ = internal friction = ~ h r • 
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PREPARATION OF WIRE SPECIMENS 

The wires !or the Ke pendulum specimens were drawn from manganese-

copper ingots which were cast under an inert atmosphere and under con-

trolled conditions. These controlled processes reduced but did not 

eliminate dirt and other foreign inclusions. The 0.030-inch-diameter 

wires as drawn were in a cold-worked condition. The cold-work was removed 

by heat treatment. 

The wire was first inspected under a microscope tor flaws and a 

15-inch section which was free of visible flaws was selected tor heat 

treatment. To remove the effects of cold-work the alloy was heated to the 

recrystallization temperature long enough for the growth of a new grain 

structure. This is a temperature below the melting point at which the 

manganese and copper atoms occupy random positions in a face-centered 

cubic lattice. This structure, known as the gamma solid solution, may 

be frozen by quenching to a temperature below that for precipitation of 

manganes~. The temperature for solution treatment of each alloy may 

be determined from the phase diagram, Figure 1. 

A modification of the heat treatment procedure had to be made because 

the available conventional furnaces provided_no means ot holding the 

specimen straight so that it would not require straightening and cold

working af"ter solution treatmnt. The wire was suspended with a weight 

attached to the lower end in a vertical pyrex tube and heated by passing 

an electric current ot 10 to 14 amperes through it. It was then quenched 

by dropping it into vacuum pump oil that filled the lower end ot the tube. 
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A copper wire hook was clamped to each end of the specimen Mith a 

1/4-inch section of 0.030-inch copper tubing. The upper hook was placed 

in the loop of a O.OlQ-inch diameter iron wire fuse, and the lower hook 

held the weight. Sliding electrical contacts were made on the hooks, and 

at the end of the heating period the wire was dropped by blowing the l6use. 

The drop time for the weight to the bottom of the oil was about. 7 seconds. 

When another section o£ wire was added between the specimen and the weight 

to suspend the weight near the bottom of the oil, the specimen dropped 

faster and a more uniform quench was possible. The time from melting o£ 

the fuse to submersion of the top of the specimen in the oil was 2 to 3 

seconds. 

Several attempts were made to measure the temperature of the wire in 

the range 700° c. to 1000° c. with an optical pyrometer, the lower limit 

of which was about 1000° c. Direct measurement of the temperature of the 

wire by a thermocouple was not possible, for the air around the specimen 

was cooler than the specimen and the cavity necessar,y to insert a very 

small thermocouple into the specimen would reduce the conductivity and 

create a hot spot. 

A method of comparison of the color of the tip of a heated thermo

couple with the color o£ the hot specimen was developed to measure the 

temperature of the specimen. The thermocouple was placed inside a helical 

heating element with the tip in a position visible between the turns of 

the heater. The helix, about 1/4-inch long, was made o£ 0.020-inch-d.iameter 

·nichrane wire and had an inside diameter o£ about 0.035 inch and a pitch 

of about 0.040 inch. The diameter was just large enough for passage of the 
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tip of the platinum vs. platinum-13 percent rhodium t hermocouple. As the 

thermocouple was heated to the desired temperature the specimen was heated 

until the colors of the thermocouple and specimen matched. Matching of 

colors was accomplished by holding the thermocouple in line of sight with 

the specimen, either bet'WBen specimen and observer or beyond the specimen. 

It was not possible to put the thermocouple inside the tube, for the heat 

from the t hermocouple heater would cause a hot spot on the specimen. There 

was a perceptible change in color for a 5• c. change in temperature at 

900° c. Since the temperature of the the:rmocouple was always lo'WBr than 

that of the heater, observation of the color of t he thermocouple was 

important. 

To prevent excessive oxidation of the solution-treated specimens and 

to reduce the possibility of distilling off manganese, t he heat treatment 

was done under a positive pressure of dried helium. The grade-A helitm 

was p&Ssed through a CaC12 fill ed drying tube and a furnace filled with 

titanium shavings at 850° c. 

Aging was done in the pendulun furnace under a positive pressure of 

helium. The furnace chamber was evacuated to 200 microns and filled with 

helilml. A 75 percent manganese specimen, A-15b, was aged 1-1/4 hours 

at 445• c. with a total time of 3 hours above 350° c. A 70 percent man

ganese specimen, A-19b, was aged 1 hour at 440° c. with a total time of 

3 hours above 350° C. Both specimens were removed from the furnace while 

hot and were air cooled. 
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RESULTS 

In an introductory experiment on a specin1en of aged 85 percent 

manganese alloy used by Sickafus in his experiments and tested under 

the same conditions he used, a curve for internal friction as a function 

of temperature was established which compared closely with that set up 

in the previous work. It was found that internal friction was relatively 

high below 14.5° C. and low above that temperature, and that decay in 

internal friction occurred at constant temperature over a given period 

of time. 

Table 2 lists specimens that were solution treated in this 

investigation. Table 3 lists the specimens from Table 2 that were 

aged to precipitate alpha manganese. 

Specimen A-3 was heated to the temperature for gamma solid solution 

to remove the effects of cold-work and cooled slowly through the 

temperature ranges for precipitation of beta manganese and alpha 

manganese. The structure was reported by the metallographer to be 

that for the gamma solid solution with a large amount of manganese 

precipitate. From X-ray diffraction it was found that the structure 

of the gamma solid solution was tetragonal and the precipitate was 

alpha manganese. The internal friction curve, Figure 6, dropped steeply 

from 0.0067 at -20~ c. to less than 0.0005 at 100~ C. Internal friction 

in the range of high values was dependent on strain amplitude, frequency, 

and the rate of change in temperature. The internal friction of A-3 

as a function of strain amplitude is plotted for three temperatures 



Spec:imen 
Number 

A-3 

A-14 

A-15 

A-19 

Table 2 - Solution Treatment 

Canposition Solution treatment 
pet. by wt. 

Temperature T:ime Cooling 
Mn ..9!!_ Deg. c. 

85 15 950* 5 min. furnace cooled 

85 15 l()()()lf- 5 min. oil quench 

75 25 885** 5 min. oil quench 

70 30 920** 5 min. oil quench 

* The temperature was measured with an optical pyrcmeter. 

- 25 -

** The temperature was measured by the color matching method 
described in the section on preparation of specimens. 

Table 3 - Aging 

Spec:imen 
Number* 

Aging 
Temperature 

Aging 
Time 

Total time 
above 350° c. 

A-15b 

A-19b 

1 1/4 hour 3 hours 

440° c. 1 hour 3 hours 

* The letter b was added to the specimen number fran 
Table 2 to indicate additional heat treatment ot the 
specimen. 
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in Figure 5. Internal friction was not strain dependent at higher 

temperatures where the structure was cubic; it increased more with an 

increase in strain at successively lower temperatures where the 

structure was tetragonal. Internal friction as a function of temperature 

at the frequencies 6 cycle per second and 1 cycle per second is plotted 

in Figure 6. The internal friction of a specimen maintained at roam 

temperature dropped fran approximately 0.0028 to 0.0013 during 16 

hours. There was a similar decay of internal friction at any temp

erature in the high internal friction region, but the original high 

values were reproducible. 

Specimen A-14 was heated to the temperature for gaJIIIDa solid 

solution and quenched in oil. The structure was reported to be that 

for the gamma solid solution with a small amount of manganese pre

cipitate. The structure or the precipitate was identified by X-ray 

diffraction as that of alpha manganese. Figure 7 is a :~ot of internal 

friction of A-14 as a function of temperature with a temperature change 

of approximately 50~ c. per hour. The internal friction was high at 

low temperatures and low above 100~ C. The measurements were made with 

a frequency of about 6 cycles per second. Internal friction is plotted 

in Figure 12 as a function of time at -16 :!: 1° c. for 6 hinlrs. After 

1 hour it was constant. 

Specimen A-15 was a solution treated at 885° c. for 5 minutes 

and oil quenched. 

the metallograph. 

There was no evidence of manganese precipitate in 

The structure of a solution-treated 75 percent 

manganese alloy was cubic at roan temperature, and the magnitude of 

internal friction was low. The internal friction is plotted as a 
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function of temperature fran -24 • C. to 27° C. in Figure 8. (The 

dashed section is the curve Sickafus obtained from another solution

treated 75 percent manganese alloy.) Specimen A-15 was aged as 

indicated in Table 3, and the designation was changed to A-15b. There 

was a marked change in the internal friction characteristics. Figure 9 

is a plot or internal friction as a function or temperature at the 

frequencies 6 cycles per second and 1 cycle per second. The internal 

friction of A-15b was dependent on the temperature, the rate of change 

in temperature, the strain amplitude, and the frequency or vibration. 

The internal friction at roam temperature was higher than that for the 

85 percent manganese spec~ens, but it dropped to a low value above 

120° C. It is plotted in Figure 12 as a function of time at 58 ± 

0.5° C. for 22 hours. The internal friction dropped rapidly for the 

first 3 hours and continued to drop slowly for the rest of the period. 

Plots of the strain dependence of internal friction at three temperatures 

are shown in Figure 5. At lower temperatures there was a greater in

crease in internal friction with an increase in strain amplitude. 

Specimen A-19 was solution-treated at 920° c. and quenched in oil. 

The structure was cubic and there was no evidence of manganese precipitate. 

The internal friction was plotted as a function of temperature from -24° C. 

to 27~ C. in Figure 10; it was veey low. The specimen was aged as 

indicated in Table 3 and designated A-19b. The internal friction after 

aging was much greater than before, and it was greater in this aged 

70 percent manganese alloy than in the aged 75 percent manganese alloy. 
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The probable reason for greater magnitude of internal friction in A-19b 

than in A-15b is that A-15b was aged too long for a maximum value of 

internal friction. The internal friction of A-19b was dependent on 

the temperature, the rate of change in temperature, the strain amplitude, 

and the frequency of vibration. Internal friction is shown in Figure 11 

at the frequencies 6 cycles per second and 1 cycle per second. It 

dropped from very high values at -20~ c. to 0.0005 at 130• c. with a 

temperature change of about 50• c. per hour. 

In all specimens with high internal friction the internal friction 

decreased with a rise in temperature in the temperature range -24° C. 

to 120• c. After having been held at constant temperature for several 

hours internal friction increased and then decreased as the temperature 

was increased. This type of peak was caused by a dependence of internal 

.friction in manganese-copper alloys on the rate of change of temperature. 

A specimen which had been heated to the recrystallization temperature 

was tested for uniformity of solution treatment throughout its length, 

but it was not held at that temperature long enough for the process to 

be compl.eted. Sections of the wire were taken fran the positions 3/4 

inch fran the clamp and 6 inches .from the clamp. The process of re

crystallization was slightly more complete in the section 6 inches from 

the clamp than in the section near the end; however, the difference was 

so small that the structure of the latter was representative of the 

structure of the whole specimen. Sections from opposite ends appeared 

to be identical. 
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The average contribution of the specimen grips to the measured 

internal friction between 25° c. and -20° c. was found to be 0.00016. 

This was measured by comparing the internal friction of a low-damping

capacity 75 percent manganese alloy which was held in the pin vises with 

the internal friction of the swme specimen when it was soldered into a 

rod. Internal friction values for runs at atmospheric pressure averaged 

0.0005 greater than values obtained at 100 microns Hg. 

The temperature of the specimen in the pendulum was dete:nnined 

by measuring the temperature of the air in the chamber near the specimen 

with an iron vs. constantan thermocouple. The accuracy of this measure

ment was tested by placing another thermocouple in the pin vise in the 

position of a specimen and comparing the temperature readings. The 

emf of the two thermocouples at 94~ c. was the same to the nearest 

0.01 mv, that is within about 0.2° C. temperature difference. 

In the design of an inertia member for the pendulum it is necessar.r 

that all parts of the system be stable. The bending of any part ma.y 

absorb more energy than the specimen. For example, in the Sickafus 

inertia member the addition of brass weights to the ends of the arms, 

which were of very light construction, made it unstable. The arms 

vibrated in a torsional mode which was perpendicular to the longitudinal 

axis of the pendulum. The apparent internal friction was thereby 

greatlY increased. Coupling between the two modes of vibration caused 

a periodic change in the decrement. The frequency was reduced by 

building an inertia member with stronger arms which would carr,y without 

bending the added weight that was needed to increase the moment of 

inertia of the pendulum. 
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CONCLUSIOOS 

It was observed in this investigation that the rapid increase in 

internal friction of manganese-copper alloys starts at the same temp-

erature in an 85 percent manganese alloy as the change in structure from 
y 

cubic to tetragonal. that was reported by Basinski and Christian, and 

it increases as the temperature is lowered and the structure becomes 

more tetragonal. The mechanism for the structure change according to 

Basinski and Christian is a double shear on the (ll.O) planes accanpanied 

by twinning, as in a martensitic transformation. For a tetragonal. specimen 

the c/a rati o decreases as the temperature is lowered, and the internal 

friction increases. It has been found in investigations at the u. s. 

Bureau of Mines that aging a specimen at J75~ c. to 450° c. to precipitate 

alpha manganese raises the temperature of the transformation from cubic to 

tetragonal to a higher temperature than that reported by Basinski and 

Christian for solution-treated alloys. The results of this investigation 

show that aging also shifts the region of high internal friction to a higher 

temperature, but overaging has a retrograde effect on the internal. friction w 
as wa.s also observed by Seifert and Worrell. There is apparently an 

optimum size, amount, or configuration of alpha manganese precipitate 

for maxjmum internal friction, and there is also a possibility that 

these conditions are o~timum for maximum tetragonality. A large amount 

of manganese precipitate did not greatly change the internal friction 

characteristics of an 85 percent manganese alloy from those of a 

solution-treated 85 percent manganese alloy with much less alpha 
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manganese precipitate. The specimen with the large amount of pre

cipitate probably contained more t han the optimum amount of precipitate, 

while the solution-treated specimen contained less than the optimum 

amount. Sickafus did not descri be the heat-treatment of the 85 percent 

manganese specimen for which he reported a peak in internal friction 

at 220° c.; however, this peak was not reproduced in this projecto In 

all other respects the results o£ this investigation correlate with 

the results o£ Sickafus. 

Aging the 70 percent and the 75 percent manganese alloys at 

440° c. and 445° c. respectively greatly i ncrea sed the internal friction 

of both over the temperature range -24° c. to 120° C. High internal 

friction in these alloys is concurrent with t etragonal structure, but 

it is not directly related to the degree of tetragonality for an 

aged 70 percent manganese alloy with the same damping capacity, since 

an aged 75 percent manganese alloy has a larger c/a ratio. The aging 

and precipitation o£ alpha manganese appears to have shifted the 

temperature for transformation from cubic to tetragonal structure 

for the 75 percent manganese alloy fran -50° c. to about 120° c. The . . 

s~e process appears to have shifted the temperature for transformation 

of the 70 percent manganese alloy an even greater amount to about 1400 c. 

The high internal friction which is not directly related to the 

c/a ratio in aged alloys of 70 percent or less manganese cannot be 

explained by the mechanism which has been suggested by Darling§/ for 

internal friction, in which the twin interface migrates in a direction 

perpendicular to the direction of shearing stress to relax the stress. 
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Neither does this mechanism explain the reason for the extreme sensitivity 

of the twin interface to the precise position of the atoms near it. 

The decrease in internal friction with time at constant temperature 

which was observed by Sickafus and in this investigation was concluded 

to be caused by a structure adjustment. The c/a ratio changes with 

temperature, but this change is not uniform throughout a grain. It 

is proposed that for a short period of time after a change in tempera

ture of a tetragonal alloy the metal is in a process of adjustment to 

the inhomogeneous c/a ratio. This ad justment absorbs energy and con

tri butes to the internal fri ction for several hours, and as it is 

completed the internal friction decays to a lower value. The internal 

friction is related to the rate of change in temperature, but it is 

apparently independent of the numerical c/a ratio. The magnitude of 

high internal friction after the initial adjustment is complete is 

still i ncreased by an increase in the strain amplitude at strains 

less than l0-4. The migration of twin interfaces in a grain with a 

non-homogeneous structure would proceed at a faster rate at higher 

stresses. The higher stresses would promote movement of twin inter

faces which require somewhat larger atanic move~~~ents as well as the 

movement of twin interfaces which require ver,y small atomic movement 

for stress relaxation. This is consistent with the mechani~ proposed 

by Darling. 

More work is needed over a wide frequency range to correlate the 

results of this investigation with the results of Seifert and Worrell; 

the magnitude of internal friction that they report at 700 cycles per 
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second is a power of 10 less than that found in this investigation 

at 1 and 6 cycles per second. Moreover, they reported a peak tor an 

88 percent manganese solution-treated alloy at -7~ c., whereas no 

peak was reached in this investigation at temperatures above -25° c. 

It is suggested that the temperature range for measurement ot 

internal friction should be ext.ended below -150° C. in future work 

to find the peaks in internal friction in solution-treated allqys 

of less than 80 percent manganese and to follow the change in the 

peak of aged allo.ys with successive steps in aging. More work is 

suggested with wire of 65 percent manganese or less in which the 

internal friction does not appear to be related to tetragonal structure. 
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