
Magnetic Head Wear Investigation By MICHAEL RETTINGER 

For a given magnetic head, head life is proportional to the film pressure on the 
head produced by the film tension, kinetic friction coefficient of the film and the 
angle subtended by the film on the head (film-wrap angle). For a given film and 
film-wrap angle, magnetic head life is proportional to the film pressure on the 
head produced by the film tension, the square root of the core radius, the 
3/2 power of the pole face depth, the core width, and in some undetermined man- 
ner to the core hardness. More briefly, one may say that (for a constant film 
and film-wrap angle) head life is proportional to the film pressure, volume of re- 

(with the same radius as the head core) 
is placed near the head and in contact 
with the film. 

Volume of Removable Core Material 

The life of a head is also limited by the 
volume of core material which can be 
removed before the head is worn out. 

movable core material, and core hardness. 

WEAR on magnetic heads used for 
sound-on-film recording is controlled by 
various factors: (1) type of film, (2) pres- 
sure exerted by film on head, (3) volume 
of removable core material, (4) film- 
wrap angle, (5) core material and ( 6 )  
miscellaneous operating conditions. 
These factors will now be considered in 
detail. 

Type of Film 

The magnetic coating used on the 
film consists of red or black iron oxide 
or a mixture of those oxides in various 
concentrations, held in place by any one 
of a large variety of binders such as 
cellulose acetates, cellulose nitrates, vinyl 
compounds, and others. I t  is a mild 
abrasive, and closely related to the ma- 
terial known as crocus, widely used as a 
polishing agent. 

Pressure Exerted by Film on Head 

The force- hereafter called pressure- 
which the film exerts against the head is 
proportional to the film tension and the 
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sine of the film-approach angle (see 
Fig. 1) .  It will be considered constant 
throughout the life of the head. 

The unit area pressure is obtained by 
dividing the film pressure by the core 
contact area. Since this area increases 
during the wear process (but the pres- 
sure does not) the pressure per unit area 
will decrease during the wear process. 
For this reason we have various stages 
of unit area pressure - initial, average 
and final. However, to speak of an 
initial (or average or final) pressure per 
unit area would be misleading, because 
the terms initial, average or final tend to 
qualify the word pressure of the com- 
pound noun, pressure per unit area, 
which is not the intention. The pres- 
sure remains essentially constant, be- 
cause the film-approach angle remains 
essentially constant. In the following, 
therefore, there will be used instead the 
terms pressure per unit initial (or aver- 
age, or final) area. 

The pressure per unit area is not solely 
determined by the film-approach angle 
and film tension but must include the 
peripheral contact area of any addi- 
tional supports, be they other heads or 
so-called “shoes.” Thus the total pres- 
sure on a head with 0.200-in. wide cores 
is cut in half when a 0.200-in. wide shoe 
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Fig. 1. Illustration of terms used in text. 

April 1955 Journal of the 

This volume has very much the shape of 
a cylindrical segment, and is detertnined 
by the radius, the segmental height and 
the segmental width. 

The height of the segment is given 
by thr pole face depth. Figure 2 shows 
for a constant core radius the cross- 
sectional segmental areas as a function 
of the pole face depth. It is seen, for in- 
stance, that a head with a 15-mil pole 
face depth has a segmental volume ap- 
proximately 80y0 larger than a similar 
head with a 10-mil pole face depth. 

Figure 3 shows the variation of the 
cross-sectional segmental area as a func- 
tion of the radius (if it could be changed) 
for a constant pole face depth of 0.015 
in. I t  is seen that doubling the radius 
provides a 41% increase in the core ma- 
terial volume available for removal dur- 
ing the wear process. 

Film-Wrap Angle 

Another factor determining magnetic 
head life is the film-wrap angle, as shown 
in Fig. 1. In general, an increase in the 
film-wrap angle (which is twice the film- 
approach angle) results in a lower head 
life. 

One explanation for this condition lies 
in the fact that, for the same film tension, 
the total pressure on the head increases 
with the sine of the film-approach angle, 
while the amount of core material vol- 
ume available for removal during the 

Fig. 2. Cross-sectional segmental core area as a function of 
the segment height for constant 0.375-in. core radius. 
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FiK. 3. Cross-sectional segmental core area as a function of 
the core radius for constant 0.015-in. segmental height. 

wrar process remains essentially inde- 
pendent of this angle. 

Another explanation concerns the 
pressure per unit area throughout the 
wear process. I n  a later part of this 
paper it will be shown mathematically 
that the pressure per unit initial area is 
the same for all film-approach angles 
less than 20'. However, while the pres- 
sure per unit final area for a head with 
a largr film-approach anglr is practically 
the same as the pressure per unit initial 
area, the pressure per unit final area for 
a head with a small film-approach angle 
is but a fraction of the pressure per unit 
initial area. In  other words, for a head 
with a large film-approach angle the 
pressure per unit area remains essentially 
constant throughout the wear process, 
while for a head with a small film- 
approach angle the pressure per unit 
area decreases matcridlly. Sincr, again, 
the volume of rare material available for 
removal remains csscntially the sarnr for 
thr two casrs, thr head with the small 
fihn-approach angle will last longer be- 
cause it is subjert to a smaller total as 
well as smallcr unit (dbrasion-detrrmin- 
ing) pressure. 

Core Material 

T h r  Permalloy or mu-mrtal larnina- 
tions conventionally used for the cores 
of ring-shaped magnetic heads arc 
usually softer than the iron oxide of the 
magnetic coating. For this reason, vari- 
ous attempts have been made to employ 
other materials, although to date no 
really satisfactory substitute for the con- 
ventional core stock has bern found. 

Miscellaneous Factors 

Thcre a r r  othrr fdctors besides type of 
film, film pressure, film-approach angle, 
core volume and core material which 
influrncc ticad life. One is film speed ; 
and another. closely related to it, prr- 
tains to thc rates or acceleration and 
drceleration of a film during starts and 
stops, and thc numbrr of starts and 

stops in a given time. A recorder which 
is started and stopped frequently may 
be expected to have a greater wear effect 
on the heads than one with fewer such 
intermittent film motions. The reason 
lies in the greater film friction which ex- 
ists a t  slow speeds. Indeed, in physical 
and mechanical engineering, a large dis- 
tinction is made betwcrn static and . 
kinetic friction, thc former bring de- 
fined as the force rrquirrd to start the 
body from rest and the latter as force re- 
quired to keep the body moving. Static 
friction is always greater than kinetic 
friction, the probable reason for this 
difference being the better interlocking 
of the surfaces in the case of static fric- 
tion. 

I t  has also bern found in practice that 
record heads are subjrct to greater wear 
than monitoring heads. One reason for 
this condition lies in the fart that whcn 
new film is used, any projecting hard 
particles on the magnetic coating of the 
film pass first over the record head, where 
some of them inay be removed by the 
cores, thus providing a smoother mag- 
netic coating for the monitoring head. 

THE THEORY OF MAGNETIC HEAD 
WEAR 

For a givrn type of hcad and film, only 
two factors appear to be essential in the 
evaluation of wrar: (1) prrssurc per unit 
area throughout the wear process and (2) 
the volume of material which can be 
removed until the head is worn out. 
The reason why we must consider the 
pressure per unit area throughout thr 
wear procrss lies in the fact that it is 
not constant throughout the lire of the 
head, but decreases a t  various rates de- 
pending on the amount of film wrap on 
the head. At first, this pressure per unit 
area is large, because thr contact area is 
small. After some wear has taken plarc, 
the film pressure, which rcrnains con- 
stant throughout the life, becomes sprmd 
over a large contact arra. Hencr, the unit 

area pressure decreases during the wrar 
process. 

The total pressure on the head is given 
by the vectoral sum of the vertical com- 
ponents of the tension. This sum is 2T 
sin 0, or simply 2T0, if 0 is in radians and 
less than 0.261 (15'), because for angles 
smaller than 15' the angle in radians is 
practically equal to the sine of the angle. 
Thus the sine of an angle of 0.261 radians 
is 0.259, the difference amounting to less 
than 1%. 

No matter what the contour of thr 
contact area of the head is - flat, round, 
triangular, etc. - the total force applied 
on the head is 2T sin 0. Because the con- 
tour of the contact ared is circular, this 
force or pressure is evenly distributed 
over the periphery of the head, except 
perhaps a t  the very edges where the film 
enters and leaves the head, where a 
pressure gradient of a sort inay be said 
to tbxist. 

I n  arriving a t  a relative figure for 
head life we assume, therefore, that 
head life is proportional to a ratio which 
contains some mrasurc of thr contact 
area in the numerator and pressure 
( 2 T  sin .9) in the denominator. For the 
cdlculations two cases of film pressurr 
should be considered: when the film 
tension is constant with the film-approach 
angle, namrly, 24 oz; and when it is 
gradually reduced with the approach 
angle according to the equation T = 
26 - 28/3 (which gives a tension of 24 
oz for a film-approach angle of 3' and a 
tension of 16 oz for a film-approach 
angle of 1 5 O ,  as was found desirable by 

Next we have to establish the initial 
and final contact areas. Figure 4 shows 
the wipc lengths as a function of the 
film-approach angle. When they ate  
multiplied by thc corr width, we obtain 
the contact areas. Shown alqo on the 
figure is the averagr wipr length as a 
function of the film-approach angle, oh- 
tained b y  adding thr initial and the 
final wipe length, and then dividing this 

trst) . 
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Fig. 6. Magnetic-head life as a function of the film 
approach angle. 

sum by 2. Again, when this average 
wipe length is multiplied by the core 
width we obtain the average contact 
area. 

Next we establish the pressurr per unit 
initial contact area and thc pressure per 
unit final contact areri as a function of 
the film-approarh angle. This relation- 
ship is shown on Fig. 5. I t  is seen that the 
prrssure per unit final contact area is 
constant with the film-approach angle, 
and that the pressure per unit final ron- 
tact area increases with the film-approach 
anglc. ‘This relationship is shown both 
for the case when the film tension is con- 
stant with the film-approach angle and 
when it decreases according to the equa- 
tion ‘r = 26 - 2e/3. 

The reason why the pressure per unit 
initial rontact area is the S d m C  for all 
film-approach angles may be shown as 
follows. Let (see Fig. 1 )  

core radius, inrht-s 
core width, inches 
film-approach angle, radians 
initial length of arc of circular corc 
scgrnent contacted b y  film 
2Rf4 inches 
initial area of circular corc seg- 
ment contacted by film 
Wb 

film tension, ounces 
2 ~ e b  

pressurc on corc 
2T sin e 
2T sin e 
z w b  

‘p LL (because for small angles 
sin e = e) 

I t  is seen that for the filtn-approach 
angles used by us (e smaller than l S o )  
the pressure pcr unit initial contact area 
is independent of the film-approach anglc 
because increasing the anglc increases 
the total pressure on thc. hrad in the same 
proportion as it increases thc contact 
area. 

In  rcspcct to the average of the above 
term which contains prrssure in the 
nurricrator and a ineasurc of  contact 
area in the denominator (the reciprocal 
of which is to give us  a head life factor) 

we have two choices. We can form the 
relationship “pressure per unit average 
area” (as a function of the film-approach 
angle), and we can form the mean of the 
pressure prr unit initial contact area and 
pressure per unit final contact area (as a 
function of the film-approach angle). 
’The former is obtained by  dividing the 
pressure (2T sin e) by the average con- 
tact area (obtained by multiplying the 
average wipe length of Fig. 4 by the core 
width). The  latter is obtained by add- 
ing, for every film-approach angle, the 
pressure per unit initial contact area and 
pressure per unit final contact area, and 
dividing this sum by two. 

Thesc two relationships may be formed 
both for the case of constant film tension 
and for the case where the film tension 
varirs according to the equation T = 
26 - 2e/3 .  These four averages are also 
shown on Fig. 5. The rrciprocals of these 
averages are thr “head lives” as a func- 
tion of the film-approach angle and are 
shown, in a rclative manner, in Fig. 6. 
In  every case, the head life of a head ap- 
proached by a film with an approach 
angle of 3’ was chosen as a “standard” 
and given 100yo head life. I t  is seen 
that in every case, head life decreases 
with an increasing film-approach anglc. 

To obtain an algebraic expression link- 
ing feet of film passed over the head with 
the volume rrmoved, we have to cstab- 
lish an equation for a aegmrntal element 
of the volume in trrms of the pole face 
depth. Let (see Fig. I )  

W = wipe length, mils 
K = core radius, mils 

d = pole face depth when wipe length 
is W, mils. When W = ~ 0, 
d = 15 mils 

= 375 

t = pole face depth reduction, mils 

W = 2 4 R 2  - (I< - t ) l  
= 1 5 - d  

= 2 4 7 r i 2  

g 55.\/15 - d  
- = 5 5 4  

To calculate the total core material 

volume available for removal when the 
core width b = 0.200 in., and a small 
change in pole face depth is dd, we may 
write 

dV = bWdd 

orJdV =J?Wdd 

= 55bJ15415 --T dd 

= 420 microcubic inchrs 

Assume, for instance, that it  takes a 
million feet of film passed over the head 
to remove this total available core ma- 
terial volume (0.000420 cu in.), then 
onc microcubic inch is removed after 
1,000,000/420, or 2380 ft of film. 

Therefore, if we wish to know how 
many feet of film are required to remove 
a certain volume of corc material -. or, 
inversely, what the pale face depth is 
after a certain number of feet of film 
have passed - .  all that we have to do is to 
multiply 2380 ft (required to remove 1 
microcubic inch) by the removed volume 
of core material when the polr face depth 
is d ,  or 

F = 2380 b 4 1 F d  dd so 
= 17,200 (15  - d)a/2 

where F = number of feet of film passcd. 

Similarly, if it takes 2 million feet of 
film to wear out a head, we get: 

F = 34,400 (15 - d)”/’ 

This expression gives the film footage 
passed as a function of thc pole face 
depth. However, thc curves in this 
paper are plotted “the other way 
around,” employing the film footage as 
the independent variable. Hence, if we 
are to follow conventional mathernatics, 
which uses the ordinate values for the 
dependent variable, we must solve the 
preceding equations for d .  Thus we 
obtain, for the case where the total 
available corc volume is rcmoved in one 
million feet of  filtn 

d = 15 - 0.015F’/3 
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A quick check will show that when the 
film footage is zcro (I: = 0), thr pole 
face depth is 15 mils; and when it is 
3,000,000 thc pole face depth will be 
zero. 

Any of the above equations can be used 
for only one purpose, and that is correlat- 
ingly to plot the pole face depth as a 
function of film footage whrn the total 
case history of a head is available. I t  
can then be used in substantiation of thr 
theory outlincd above, namrly, that a 
given amount of footage of a specifird 
type of film will remove a certain amount 
of core material volume under the con- 
dition of constant film prrssurc but vari- 
able pressure pcr unit contact surface. 
Nothing has been said about the magni- 
tude of the pressure, the initial pressure 
per unit area, film-wrap anglc, core 
material, type of film, ctc. This does not 
mcan that thr equation could not be 
madr to include factors which considrr 
thcse conditions. 

EXPERIMENTAL 

To measure thr wear on magnrtic 
heads, a machine was constructed 
which allowed the simultaneous testing 
of a maximum of ten magnetic heads. 
Half of the film loop employed the ten- 
sion used on our recorders (24 oz a t  
the tension rollers) and the other half 
employed thc tension on our sound- 
heads (12 oz a t  the tension rollers). 
The following heads were testrd with the 
tight loop: 

No. 7: A single-track magnrtic record 
head with 0.200-in. wide latninated 
Permalloy cores having a 0.375-in. ra- 
dius. I t  was uscd in connection with a 
film supporting shoe, and thr film-wrap 
angle employed was 12". 

No. 2: Same as Head No. 1, except 
ferrite cores were used instead of lami- 
nated Permalloy cores. 

No. 3: Same as Head No. 1, exccpt 
that the Permalloy laminations had been 
chromium-plated before they wrre ce- 
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Fig. 7. Two types of long-life heads. 

mrnted together into cores, as shown 
on Fig. 7A. It also employs a film sup- 
porting shoe, and the film-wrap angle 
was 12'. This was a n  rxprrimental unit 
to learn how thc chromium plating on 
the side of the laminations would affect 
head life. 

No. 4: Same as Head No. 1 ,  but using 
on the side of the cores a plastic 0.030-in. 
widc containing an aluminum oxide filler, 
as shown in Fig. 7B. This was also a n  
experimental head constructed to learn 
how the hard plastic on the side of the 
cores would affect head life. A previous 
head with 0.020-in. widc sapphire shoes 
cemented to the sides of the cores suf- 
fered from undrrcutting of the cores, 
with a consequent detrrioration of the 
high-frequency response, because the 
sapphirr was so hard that little wear 
took place on it. The aluminum oxide 
filled plastic is softer than the sapphire 
and hence, it was felt, would wear to 
some extent, thereby reducing the effect 
of undercutting. No undercutting was 
observed in the trsts. 

No. 5: Same as Head No. 1, but em- 

ploying no film supporting shoe. Its 
counterpart was Head No. 1, which also 
has a 12' film-wrap angle, but was 
equipprd with a shor, unlike Hrad No. 
5. 

Simultaneously, the following heads 
were testrd with the soft film loop: 

No. 6: Same as Head No. 1,  but using 
'i 24' film-wrap angle, and a film sup- 
porting shoe. Its counterpart was again 
Head No. 1 ,  operatrd with a tight filrn 
loop and a 12" film-wrap angle. 

.Vo. 7: Similar to Head No. 1 ,  but 
using 0.050-in. wide instrad of 0.200-in. 
widc laminated corcs. The film-wrap 
angle was 24', and a film supporting 
shoe was employed. 

N o .  A': Same as Hrad No. 7, but using 
no shoe. 

'The film sprrd employed was 90 ft/  
inin. 

Because the film tension varird from 
head to hrad, due to thr friction exerted 
by the film against the heads, as pointed 
out in the first part of this paper, the 
film prrssurr was measurrd for rvery 
head position. 

Periodic mcasurcmcnts of thr front 
gap pole face reduction were made with 
a micrometer. 

The film loop was 72 ft long. It was 
changed after every 200 passages. 

In  Table I the various heads are 
tabulated, togrther with their life ex- 
prctancy factors. The computations for 
the factor wrre so made that the smallest 
factor would be unity. A head with a 
life exprctancy factor of 5, therefore, 
would mean that it should last five times 
as long as one with a unity factor. 

The life expectancy factors for Heads 
2 and 3, also shown on Table I, were 
figured on the basis of having standard 
cores, which of course they d o  not have. 
This was done to enable calculating a 
proportionality factor for the heads, pro- 
vided the lifr expectancy factor for the 
other heads rang true. 

Two lifr rxpectancy factors are shown. 
'Ihc one shown as A/P refers to the 

~. ~ ~. - __ -~ ~ . ~ 

Table I 
. ~~ 

Life-expectancy Factor 
0,  p, 

film-wrap film pressure 5 625 f 613 Film passed, 
Head No. Description angle on head, oz P million ft 

1 A single-track magnetic record head with 12" 1 . 5  12 9 . 7  12( estimated ) 
0.200-in. wide laminated Pcrrnalloy cores 
having a radius of 0.375 in. and a film sup- 
porting shoe 

2 Same as No. 1, but uses ferrite cores 12O 1.5 12 9.7 24(estimated) 
3 Same as No. 1, but Permalloy laminations 12O 1.75 10.3 8 . 5  bO(estimated) 

were chromium-plated brfore being cc- 
mcnted together into cores 

cores a plastic 0.030-in. wide containing 
aluminum oxide filler 

4 Same as No. 1, but using on the side of the 12O 1.75 10.3 8.5 21 (estimated) 

5 Samc as No. 1, without film supporting shoe 12O 3.65 4.95 4 4 . 5  
6 SameasNo. 1 24' 4 5.75 5.75 5 . 2  
7 Same as No. 1, but cores are 0.050-in. widc 24" 1.15 5 5 4.0 
8 Same as No. 7, without shoe 24' 4.75 1 1 0.8 

-. 
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Fig. 8. Magnetic-head life as a function of film footage 
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Fig. 9. Magnetic-head life as a function of film footage 
passed over the heads. 

avrragr contact area divided by the film 
pressure. Thc one shown as A/P rc-frrs 
to thc reciprocal of the mean of the 
pressure per unit initial contact area and 
prcssrirr per unit final contact area. 
Both life expectancy faclors were dis- 
cussed in detail undcr the section on 
throry abovc.. 

On Figs. 8 and 9 arc shown thc ex- 
prrimentdl results. The solid curves r c p  
resent thr theoretical values. T h r  rx- 
prrimrntal curvcs approach the calcu- 
lated curvcs rather well. There is a deli- 
nitc trrnd, as wear progresses, toward 
an asymptotic limit, which is due to thr 
drcrcasr in pressurc prr unit arm. 

O n  Fig. 8 (Head No. 4) there is also 
shown the lifetimr of a head of this type 
when only ncw film is used. 'I'his head is 
identical to the one rmployed in the 
wrar machine. I t  had been srnt to thc 
sound drpartment of a motion-picture 
studio, where it was used as a monitoring 
head on a rrcorder which passed only 
ncw film. The enormous differcnce be- 
tween the effcct of the new film and that 
of old film is readily rvident. 

Note that head wear was drtermined 
by the front gap polr face reduction, 
in mils, and not by the change in hrad 
inductance. The rcason for this is that 
different types of heads show a diffrr- 
cnce in inductance change with polc 
face reduction. 

Discussion 
E. S. Scclcv (Allec Service): The  point was once 

suggested to me, and I've demonstrated i t  a 
number of times since, that  when the film con- 
tacts the head it doesn't seem to conform to the 
shape of the head as your early figures indicated. 
These might fit the case of a very limp or highly 
pliable tape, but film is pretty stifrand it seem to 
contact the head over an  incredibly small arca 
when the head is new. Wear a t  first is very rapid 
and appears as a flattening of the core. As time 
goes on the worn area widens. We have applied 
dye to the cores in a numbrr of instances to 
observe thr variation of rontact area, care being 
taken to eliminate possible variation in the 
position of film during the starting operation. 
I t  was qualitatively confirmed that a contact 
corresponds to what would result if the film is a 
stiff beam. Under these ronditions, if the film is 
flat and tlie head itself is curved, the point of 
contact would be extremely small and lead to 
very rapid initial wear followed by a grcat 
reduction in wear rate after the arcn of contact 
lias widened. Possibly, conclusi~ins concerning 
wear based on tlie stiff film concept would not 
be greatly cliflcrcnt from thow based on a limp 
film. 

M I .  Rdlingcr: I t  is true that as long as the film- 
approach angle is small, say less tlian 1 2 O ,  the 
contour is essentially a straight line- a flat 
surface - and it is only when the film angle 
exceeds that 12' that  the contour becomes 
curved. I t  so happens that in most of our rccord- 
crs the film-approach angle does not rxceed 20'. 

So, I feel justified in assuming that tlie removed 
core material volume had the shape of a cylin- 
drical segment. You mentioned something else, 
that is, that a change in the speed may have an 
efTect on ttie wear, which is true. A machine, for 
instance, which is started more frequently tlian a 
machine which is not interrupted so often pro- 

duces more wear on a h a d  than if i t  had been 
running continuously. There arc other factors. 
One condition which I did not fully investigate 
ronwrns speed of tlie film itself. We may assume 
that speed must have some effect. In  other 
words, if the head is operated with tlie film speed 
of 25 ft/min, may one cxpect the snmc amount of 
footage to go over tlie head when the film speed 
lias been changed to 90 ft or even more? Tha t  
is a condition which I did not investigate be- 
cause it concerns the dynamic frictional co- 
rfficient. This work was merely to learn what 
effect the film approach angle had on head life. 
Secondly, I wanted to obtain some sort of a head 
life figure, a criteriun which would allow me to 
predict hcad life, and while that  was rather 
simple for certain types of heads using Permaloy 
laminations, it became considerably more 
difficult when the material was changed to 
ferrite or if sapphire shoes were applied next to 
the cores or if chrome-platcd lieads were used. 
But these were the general conclusions that I was 
able to arrive at. 

Anon: Have you had any determination of the 
head wear on splires? 

M r .  Rdtinxcr: No, I did not investigate that 
conditiun at  all. 
llhllocc V, LVnlje, Chairman of llie .Session ( R a d i o  
Corp. of Americo): I a m  sure you all realize that 
two points that Mr. Rettinger did not spccilically 
mention in his paper are very obviously fartors 
that are involved-one is tlie particular cliarac- 
teristicx of tlie abrasive of the film itself and the 
other is the hardness of the head material, His 
discussion in this analysis has been based on ttie 
asvumption that those were constant factors, and 
that variations in those factors would obviously 
cause a shift of the curve insofar as they arc cx- 
pressed in terms of fret of film and volume of 
matrrial to be removed. 
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