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SIGNAL TIME COINCIDENCE IN AN INSTRUMENTATION TAPE RECORDER 

A multichannel instrumentation tape recorder ex
hibits some predictable time differences between 
its various data channels. These may or may not 
cause a problem in a given application depending 
upon how accurately you need to correlate time 
between even ts recorded on different channels. 
1.(! terchannel timing errors can be attributed to 

·ee main factors: 1) Static delays (skew) caused 
, head manufacturing tolerances and any guid

ing misalignment of the tape path relative to the 
heads; 2) Dynamic delays (a lso commonly ca ll ed 
skew) caused by the tape transport and the flexi
bility of the tape; 3) Static and dynamic delays 
caused by the electronics. 

STATIC TIME ERRORS 

The major cause of static timing errors in a multi
channel recorder is the manufacturing tolerances 
of the heads. To illustrate, take as an examp le the 
specifications of the Inter Range Instrumentation 
Group (IRIG) for head design which furnish the 
standards adhered to by most tape recorder manu
facturers (IRIG 106-66, Section 6). 

Gap Scatter ................ 100 microinches 
Stack Spaci ng .............. 1.500 ±0.001 inch 
Head Tilt. .......... . ...... ±1 minute of arc 

Gap Scatter. A multiple track instrumentation head 
stack has a number of individual heads (typically 
7 for a 1-inch staggered head stack), incorporated 
in the stack. It is mechanically impossible to exact
ly align these gaps, so the term gap scatter refers 
to the actual to lerance of alignment of each of 
these tracks in relation to a line through the mean 
position of all gaps in the stack. The positional 
toleran ce of these head gaps within a given stack 
is a band 100 microinches in width. The worst case 
condition of timing between two tracks would be 
when the gaps in question on the record head 
stack were at one limit of the tolerance while 
those at the reproduce stack were at the opposite 
end of the tolerance band. This gives a worst case 
error of 200 microinches between two tracks al-
10wing 100 microinches in the record and 100 mi-

inches in the opposite direction on the repro
,ce head. As a final note it should be stated that 

this error is somewhat random in occurence with-

in a stack, and heads with the widest spacing or 
error may occur adjacent to each other or at the 
opposite ends of the stack. 

Head Stack Spacing. In order to achieve the nor
mal recording density of 14 tracks for 1-inch tape 
(or 7 tracks for 1/2-inch tape), it is necessary to 
place half the heads, the odd numbered tracks, in 
one stack and the even numbered tracks in a sec
ond stack. Thi s allows suffic ient shi elding to be 
provided between tracks in the head stack to min
imize undesirable signa l coupling and crosstalk. 
The normal spacing difference between the odd 
and even head stacks is 1.500 inches with a toler
ance of ±0.001 inch. This means that under worst 
case conditions (reco rd stacks spaced at one limit 
of this tolerance and reproduce stacks at the other 
limit), adjacent odd and even tape tracks could 
be displaced from each other by a possible 0.002 
inch (2000 microinches). 

Head Tilt. This measurement and specification re
fers to the difference between the mean gap azi
muth of a given head stack and a line perpendicu
lar to the edge of the tape. In practice this may be 
caused either by lack of perpendicularity between 
the head stack and base plate, or the misalign
ment of the tape path of the transport relative to 
the head. These effects are difficu l t to separate 
and are usually tested as one measuurement. No 
attempt will be made here to separate them. The 
value permissible under IRIG specifications is :!:1 
minute of arc or a distance approximately 280 mi
croinches across a 1-inch tape width. Again this 
is an additive specification. Thus in a worst case 
condition this figure could be doubled between 
record and reproduce head stacks. 

Time Dimensional Changes. Additional effects 
are caused by the inherent characteristics of the 
magnetic tape which are not a function of head 

manufacturing tolerances. The backing of tape is 
an elastic material. As such, the distance between 
any two points on the tape depends on the tape 
tension to some extent. This shows up primari ly 
as a change in the 1.5-inch gap-to-gap dimension. 
Large temperature changes between the time of 
reco rding and reproducing and uncontrolled long 
term tape storage conditions can have the same 
effect. This tape tension effect is not as significant 
as other head spacing tolerances as its value is 
approximately 240 microinches change across the 
1.5-inch head spacing with a 1-ounce tension 
change between the record and reproduce pro
cess on V2-inch tape (1 mil backing thickness). A 
more sign ificant change is observed if the temper
ature is varied between the record and reproduce 
process. For a 50°F difference, the 1.5-inch spac
ing will change 750 microinches. 

An even more interesting change is observed 
if the relative humidity of the air around the tape 
is varied over its full range between record and 
reproduce. In this case, a relative humidity change 
from zero to 100% would vary the 1.5-inch head 
spacing by 1650 microinches, more than all other 
effects put together. These phenomena, al though 
seldom considered, result from the physical prop
erties of polyester base materials of magnetic tape. 

D YNAMIC CHANGES 

Dynamic skew and dynamic registry changes be
tween channels are caused by runout of the tape 
transport, which is always present to some degree, 
es well as tape guiding eccentricities, tape slitting 
erro rs, and tape damage. While static skew can 
be allowed for and ignored to some extent in 
the data, dynamic skew is a time variab le pheno
menon and thus is much more difficult to elimi
nate. The only known method for minimizati"on 
of this is control of the record and reproduce 
transport guiding. Typical values of dynamic skew 
on a state of the art basis are 250 microinches 
from record to reproduce across the full width of 
a 1-inch tape. Typical tape transports of the in
strumentation variety have a normal value of 500 
microinches. (The zero loop design of the Ampex 
FR-1800 and FR-1900 capstan reduces the dynamic 
skew to 225 microinches.) 



ELECTRONIC DELAYS 

The delay va riation between chann els caused by 
the signa l record and reprodu ce elec tronics are 
normally inconsequential compa red to the me
chanica l delays shown above. For instan ce, the 
time delay from a FM syste m wou ld be primarily 
J function of the rep roduce filter. The typi ca l de
lay of such a fi l ter for a 10-k Hz ba ndpass (60 ips) 
would be 62 mi croseconds with a delay va ri ation 
of o nl y 1 to 2 mi croseconds between filt ers. Thi s 
would co rrespond to o nl y 120 microinches at 60 
ips, well be low the va lu es fo r mechani ca l errors. 

MEASUREMENT CONVERSION 

In the previous discussion , dimensional changes 
caused by heads and tape are expressed in two dif
ferent units: linear measurement in mi croinches 
and time measurement in microseco nds. The con
ve rsio n between units can be easily made if you 
remember that a tape reco rder runnin g at 120 
in ches pe r seco nd moves tape 120 mi cro in ches 
per mi crosecond. Thi s would mea n a lin ea r erro r 

of 240 microinches would occupy 2 mi croseconds 
of tim e at 120 ips, 4 microseconds at 60 ips, etc. 

WORST CASE CONDITIONS 

Figure 1 is a co mpilati o n of the va rious skew con
tributions in an absolute wo rst case condition. It 
is divided into 1) errors caused by the tape di
mensi o nal change, 2) errors caused by tra nspo rt 
and head static errors, and 3) errors ca used by 
transport dynami cs. It sho uld be noted that the 
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contributi on of the tape back material (po lyes ter) 
due to extreme envi ronmental changes is approxi
mately as great as all o ther manufactur ing to ler
ances on the head assembly. The majority of these 
co ntributi ons are of largest effec t o n the stack-to
stack spaci ng of 1.5 inches, and thi s is the real 
cause of misregistry problems . 

In-Line Heads. The minimiza ti o n o f these errors 
by the use of an in-line head assemb ly can be 
illustrated by Figure 2. Thi s is the same data as 
Figure 1 with the excep ti on that the errors caused 
by the 1.5- inch spacing, the to leran ces on it and 
changes lo it , are el iminated by the expedient of 
manufacturing a head with al l tracks in a singl e 
stack. Howeve r, manufact uring a si ngl e in-line 
head stack with the sa me number of tracks as two 
staggered head stacks creates two mai n probl em s. 
First, it requires th at the amount of intertrack 
shielding be reduced. This increases the crosstalk 
between data chann els. Seco nd , the track width 
must be redu ced whi ch cu ts th e signal-to- noi se 
ratio , si nce it is impossib le to make a full width 
track because th ere is only a 20-mil space be
tween them . Litt le o r no room remain s for sh ield 
ing, mounting, o r wirewinding. FM recording is 
desirab le when using in-line heads becau se its 
inh erent signal limit ing charac teri st ics help co m
pensate for th e increased crossta lk and redu ced 
signa l-to-noise ratio . Bandwidth w ill be reduced 
with FM as co mpared to Direct, so the trade off 
with dynamic range must be weighed agai nst this . 
An alte rnati ve to specia l in-line heads is to put all 
data needing precise tim e corre lation in the same 
head stack. 

Significance to User. What does thi s mean to the 
user of instrumentation reco rders? In rea l terms 
if he is recordi ng vib rati on data on different tracks 
of a reco rd er, the co rre lati o n available betwe 
heads o n different head sta cks may l imit the 
ab le co rrelation frequency to below 1 kHz at u 
ips. Two ways to get around this are to use in- l ine 
heads (w ith an FM reco rding technique, depend
in g o n bandwidth and dynami c range requi re
ments) or a method of mu l tipl ex ing such as con
sta nt bandwidth FM which p laces many data chan 
nels on the sa me tape track . On 1.5-MH z chan
nel s, for instance, co nstant bandwidth reco rding 
may al low at least 7 tracks of 20-kHz data with 
approximately 40-d B signal-to-noi se rati o to be 
put o n the sa me data track, o r up to 49 cha nn els 
in the sa me 1-inch, 7- track head stack. 

While th e va lu es presented in the table are 
worst case va lu es, they do illustrate the ex tent of 
the problem . Even if it were poss ibl e to signifi
cantly reduce all the mechani ca l cont ributions of 
the transport to the tim e mi sreg ist ry of th e data, 
the envi ronm ental problems re lated to th e tape 
cou ld sti l l cause large amounts o f troub le with a 
stagge red head arrangement. It would appear that 
the onl y so luti o n for th e use r who mu st have the 
ultimate in regist ry between data chann els li es in 
the use of in-line head asse mbli es with their in
herent drawbacks, in-line reco rdin g o n the same 
head stack of c riti ca l time re lated data, o r a 
method of multipl exi ng w hi ch preserves th e data 
regist ry of al l channe ls w ithin th e sa me track. 
Other meth ods of electronic reg istry are possible, 
but the cost is ex tremely hi gh. 
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FIGURE 2. Worst case skew for an in-line head assembly . Although 1t eliminates the ma1or source 
of errors (stack-to-stack tolerances and dynamics) an in-line head has two drawbacks: 1) crossta lk 
increases beyond an acceptable level, 2) narrow (non-standard ) track spacing is required, which 
reduces the signal-to-noise ratio, and makes the tape non-interchangeable. Recording all time· 
related data in the same staggered head stack is a commonly used alternative. 

Total 5650 pinch or 47 ~sec at 120 1ps 

FIGURE 1. Worst case skew for a staggered head assembly. Most errors are caused by the toler· 
ances related to the 1.5-inch stack-to-stack spacing. 
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