
CHAPTER IX 

DIAGNOSTIC PROCEDURES FOR SYSTEM CHECKOUT 

AND MAINTENANCE 

This chapter is offered for the guidance, 
consolation, and possible inspiration of 
those faced with the demanding task of 
maintaining optimum performance and 
dependability in modern instrumentation 
tape-recording systems. Despite the 
obvious difficulties inherent in giving 
specific advice about a wide variety of cir- 
cuits and mechanisms, we have tried to 
avoid vague generalities. Throughout, we 
have described test conditions, cited 
results, and shown typical signal photo- 
graphs that are derived from work with 
our own portable systems; but we have 
tried, wherever possible, to extend these 
advisories to most other roughly com: 
parable equipment — and when that was 
not possible, we have said so. Differences 
aside, the approach to troubleshooting 
and maintenance that shapes these pages 
will surely be of interest — and we hope, 
of value to all practitioners. Good luck! 

9.1 What Can Go Wrong? Everything and 
anything... at any time and place*. The 
modern instrumentation tape recorder is 
a complex box of rather sophisticated 
tricks using a fragile and temperamental 
storage medium, and the best of them 
needs regular preventative maintenance, 
despite which it will now and then go 
wrong. To put this subject in proper per- 
spective however, it is only fair to state 
that a properly maintained system should 
average many thousands of hours of ser- 
vice between failures... which brings us 
to our first important consideration: the 

  

*Those familiar with “Murphy’s Law,” that oft- 
quoted and only partly humorous engineering 
aphorism, may recall, not only its fundamen- 

tal proposition, “If anything can go wrong, it 

will,” but its first corollary (of many): ‘‘... at 
the worst possible time and place.” Ave 
Murphy! 

types and degrees of failure, which may 
be summarized as follows... 

®@ Catastrophic failure is some condition 
that prevents operation of the system 
in any manner. Examples of this type 
of failure include: loss of output from 
the power supply; inability to drive 
tape or maintain tension; or complete 
loss of speed control (runaway). 

Loss of selected function includes such 
isolated malfunctions as: inability to 
establish and maintain one or more 
(but not all) of the rated speeds; loss 
of bias signal; loss of FM carrier signal; 
failure of either the record heads or 
the reproduce heads (but not both); or 
a break in the HDDR encoding, re- 
clocking, or deskewing signal chains. 

Gross degradation in performance of 
any one or more signal chains or the 
transport. Examples: intolerably high 
and abnormal noise or drift on all DR 
channels (record or reproduce); abnor- 
mally wide speed variations (systema- 

tic or random slow or fast); intolerably 
high and completely unpredictable 
dropouts (errors) in serial HDDR re- 
cording or reproduction; or very great 
loss of sensitivity in DR_ signal 
chain(s). 

@ Out-of-specification bebavior in other- 
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wise functioning signal chains. Exam- 
ples of this type of failure include: un- 
correctably low gain in one or more 
DR channels; below-specification S/N 
ratio in one or more DR or FM chan- 
nels; marked increase in HDDR error 
rate on one or more channels; exces- 
sive harmonic distortion in one or 
more DR channels; or reduction in 

bandwidth of one or more DR chan- 
nels.



  

® Inconsistency of. any kind, which 
ranges in severity from intermittent 
appearance of any of the above types 
of failure to inexplicable inability to 
run certain procedures or certain 
tapes. 

We shall now advance the important 
proposition that the list given above 
places these “failure modes” in increasing 
order of difficulty of diagnosis. In other 
words, the catastrophic failure is the eas- 
iest to identify (obviously!) and to diag- 
nose (not so obvious, but equally true); 
and the just-out-of-spec and intermittent 

failures are the hardest to detect and an- 
alyze. Indeed, it is safe to say that many 
systems in current use today have one or 
more out-of-spec channels, recording 
modes, reproduce modes, or speeds... 
but, due to inadequate maintenance and 
calibration procedures, these flaws go un- 
attended, until some important data are 
lost or degraded, or until a more serious 
failure calls attention to the abnormality. 

Before we begin to consider diagnos- 

tic strategy, however, we should consider 
the question of maintenance, because 
that consideration will expose many areas 
of potential malfunction. 

9.2 What Usually Requires Maintenance? 
This question is best answered by first de- 
fining “maintenance,” and then classify- 
ing the elements that require it, in some 
logical order. | 

By maintenance we mean the plan- 
ned (scheduled) cleaning, inspection re- 
calibration and testing of an equipment. 
Although this may involve the occasional 
replacement of worn parts, we do not in- 
clude random repairs due to component 
failure. There are two categories of main- 
tenance — operational and routine (peri- 
odic). 

Operational maintenance comprises 
regular cleaning of the tape path and any 
necessary adjustments to the record 
modules, sensitivity and offset for in- 
stance, to accommodate the signal to be 
recorded. With the exception of the cap- 
stan, cleaning should be carried out on a 

  

TRANSPORT 
Element Maintenance 

Tape Guides, 
Rollers, Capstan 

Hub Clamps 

tension arm assemblies. 

Reel Servos 

adjust amplifier gain. 

Capstan Servo 
(Optical tach- 

type described 
in Chapter VII.) 

frequency. 

Cooling Fans 
Clean and reactivate filters. 

Fuses Check for correct rating. 

Controls & 
Indicators as necessary.   

Clean, check, and replace as necessary. 

Check action and replace worn parts. 

Magnetic Heads Clean and check for damage and wear. 
Demagnetize or replace if necessary. 

Parking Brakes Checking pad condition and replace as 
required. Lubricate pivot, check clearance EM 
and tension. Check solenoid action. Check 

Check tension arm Assemblies position- 
sensor assemblies, set spring tension, and 

Chéck tachometer signal, adjust mark space 
ratio, and set carrier cancel. Check master 

ometer, of the crystal frequency, and set fast speed. 

Power Supplies Reset regulated bus voltages and fan supply 

Check anti-vibration mounts and bearings. 

Check for correct operation replace lamps 

’ 

ELECTRONICS 

Element Maintenance 

Calibrator Check crystal fre- 
quency and meter 
accuracy. (Return 
for factory calibra- 
tion if in error.) 
Check function of 
all switches. 

Set all zero, gain, 
Channels and offset controls. 

Direct Set bias, gain, and 
Channels equalization con- 

trols. 

Tape Set threshold-level 
Servo control. 

HDDR Same as Direct 
Channels. 

  

NOTE: A trained engineer 
should take about a day to 
complete the above schedule, 
after which measurement 
should be made to ensure 
compliance with the published 
system specification.     
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daily basis, although according to the 
usage, longer periods may be acceptable. 
The capstan is a precision mechanical 
component; being rubber coated, it may 
suffer mechanical distortion if subjected 
to excessive cleaning, because of either 
mechanical abrasion or absorption of the 
cleaning fluid. It should not be necessary 
to clean it at intervals of less than 100 
hours, when the average tape speed is 
mid-range, unless particularly dirty tapes 
are being handled. 

On the previous page is a list of what 
is usually done by factory engineers when 
implementing routine maintenance con- 
tracts. It should not necessary to invoke 
this procedure at intervals of less than 
three months, except perhaps when 
machines are subjected to particularly 
arduous conditions during use or when in 
transit. Laboratory-based machines should 
be checked at least once annually. 

So much for scheduled servicing; 
now let us consider the more challenging 
subject of the unscheduled, not to say 
unexpected, demands for attention and 
correction. 

9.3 Three Classes of Malfunctions. 
Although, in Section 9.1, we broke fail- 
ures down into five categories, according 
to their nature and degree, here we want 
to reclassify them much more simply, as 
follows: (1) things that don’t work at all; 
(2) things that work so badly that the 
malfunction is overwhelmingly obvious; 
and (3) subtle malfunctions, often toler- 
able, but which prevent the user from 
obtaining full rated performance. The 
third group can usually be detected only 
by careful testing, while the second can 
usually be picked up by routine calibra- 
tion procedures. 

Figures 9-1 through 9-3 illustrate 
three common types of “‘subtle’’ malfunc- 
tions. Note that all three are detectable 
only by using external instrumentation — 
always an oscilloscope (the most useful 
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Figure 9-1, Unacceptably high ITDE (30sec, 
p-p) on DR channel recorded at 15 ips, with 
12.5 kHz signal. 

test equipment for any user of tape- 
recording systems), and usually a sine- 
wave or function generator, together with 
a good, wide-range, general-purpose mul- 
timeter, preferably one with a true-RMS, 
wideband AC voltage-measuring capabil- 
ity. 

Figure 9.1 shows excessive “Dynamic 
Interchannel Time Displacement Error 
(ITDE) between two channels associated 
with a single headstack. This fault is caus- 
ed by dynamic skew, a parameter defined 
in Chapter X. Measured at 15 ips, the 
system exhibits 30sec peak-to-peak of 
ITDE ... about twice the specified limit. 

Figure 9-2 shows excessive and ran- 
dom amplitude jitter on an FM channel, 

  
Figure 9-2. Random amplitude jitter, caused by 

excess deviation, driving demodulator beyond 

its range, 5 kHz sinusoidal signal, recorded at 
7% ips, +50% deviation.


