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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, orservice by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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ABSTRACT

It is essential to any research activity that accurate and efficient measure- .
-ments be made for the experimental parameters under consideration for each in-
dividual experiment or test. Satisfactory measurements in turn depend upon having
the necessary instruments and the capability of ensuring that they are performing'
within their intended specifications. This latter requirement can only be achieved
by providing an adequate maintenance facility, staffed with personnel competent
to understand the prob1éms associated with instrument adjustment and repair. The
Instrument Repair Shop at the Lawrence Berkeley Laboratory is designed to achieve
this end. The organization, Staffing and operation of our system will be discussed.

Maintenace policy should be based on studies of 1) preventive vs. catastrophic
maintenance, 2) records indiCating when equipment should be fep]aced_rather‘than
repaired and 3) priorities established to indicate the order in which equipment
should be repaired. - Upon establishing a workable maintenance policy, the staff
should be instructed so that they may provide appropriate scheduled preventive
maintenance, calibration and corrective procedures, and emergency repairs.

Apparatus may be reapired in situ, brought to the repair shop or returned
to the manufacturer. The locale of instrument repair depends upon a number of
factors including the fragility and size of fhe equipment, the ability to
localize the problem in a distributed system, the seriousness of the reported
malfunction, and any warranty provisions in efiect at the time of failure.

The education, training and experience of the maintenance staff will be
discussed along with the organization for an efficient operation.

The'layout of the various repair shops will be described in the light of
laboratory space and financial constraints. '

Th]S work performed under the auspices of the Energy Research and Development
Administration with partial support from the U.S. Nat1ona1 Science Foundation.
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1. INTRODUCTION

A great deal of interest is reported in the scientific and technical litera-

‘ture concerning new instrumentation suitable for laboratory analysis. Almost

any issue of a scientific or engineering journal will describe several research

'.'projects"that have culminated in the development of a new instrument. Less in-

formation is available on training the technical staff on how to operate the
apparatus; finally, there is even less information to be found in the literature
on good maintenance procedures for laboratory instrumentation. Thus it is
vitally important that users of scientific apparatus consider carefu]]y the in-

formation that is available so that they may'adequate]y_invest;the necessary

personnel, test equipment and literature for the proper care of their instrumenta-
tion. |

An evidence of the high cost of maintenance and the value placed on it may
be drawn from a repdrt that in 1961'25%'of the operating budget of a large U.S.
operatation went into maintenance.], This value would have represented equipment
predating transistorized electronics, but the value today is still 1érge.'

It goes without saying that any research activﬁtyvcan operate only so long-
as its equipment performs as intended. This requirement can only be achieved by
providing an adequate facility staffed with personnel who can handle the problems

~associated with the repair of their instruments.

'The'organization, staffing and operation of our Laboratory Instrument Repair.
Shop is described along with alternative methods for maintenance and repair.

I1. MAINTENANCE POLICY

Instrumentation maintenance can be performed on several levels of priority
depending upon the availability of personnel to provide these services. The
most urgent requirement is for the repair of apparatus that has failed cata-

“strophically and no longer operates. Less urgent is the need to maintain instru-

ments that are still operating but known to be marginalh in performance. Finally,
the least urgent but perhaps the most fruitful in the long run is regularly

scheduled preventive maintenance.



Most research institutions operate under the cont1nua] constraint of ]1m1ted
funding. This enhances the temptation to perform only the m1n1mum repair re-
QUired'for day- to- -day operation. Only those items that will not perform well
enbugh to careAfor the immediate programs are fixed. No-.additional maintenance
is undertaken. However, experience has shown that this is not the most ecqnomicalb
way to operate a laboratory. . Some balance between preventive maintenance and re-
pair of actual breakdowns must be reached for most efficient operation of a re-
search facility. This, of course, will differ with different types of labora-
tories.

- The fo110w1ng arguments can be made in favor of conduct1ng preventive ma1nten—
ance in contrast to only do1ng emergency repair:

Scheduled maintenance can be done at a time when the equ1pment is less ut1]1zed-
in comparison with catastroph1c repairs which often occur at the least opportune
- time. Scheduled maintenance will at times revea]_cond1t10ns that if left un-
remedied will cause even greater need for replacement or repair. Preventive
maintenahce can be worked into an orderly schedule that minimizes the peak loads
on the staff when severaj instruments are broken down and need repair simultane-
ously.  Where several instruments with the same operating characteristics are in
service, one spare unit can be reserved on a stand-by basis; it can be put into
service when neéded and.the faulty unit repaired more leisurely.

Obviously some types'of instruments are more amenable to scheduled inspec-
tion and repair than others. These include equipment with many mechanical parts
and a somewhat uniform rate of wear, such as a magnetic tape transport. Another
exampTe is a spectrometer using a lamp source which has a known life time or a
light transmitting window with a known rate of darkening with use. If instru-
ments are continually used in a program with equal priority among experiments,
then prevent1ve maintenance loses much of its advantage

The question of whether to replace or repair a defective. instrument -usually
requires a fair degree of judgement. Occasionally a failure is so extensive that
it is obvious that repair is out of the question; this might be the case where
the apparatus empToyed avfragi]é glass or ceramic oven that has shattered and re-



p]acemeht'partsfare no longer available. More often the question of replace-
ment Vs. repair must-be.answered-on the basis of whether 1) the instrument has
become obso]ete due to improved technology,'e.g., electron valve. equipment be-

" ing rep]aeed by solid state units, 2) the instrument is worn out and is con-
'stantly in need of repair, or 3) the cost of the apparatus approaches the an-
nual cost of repair. (In an inflationary economy replacement costs rather than
“the originalvequipment'price must be considered.) While no specific recommenda-
tions can be made, astute calibration and repair personnel can detect when an
'analyzer beg1ns to require an undue amount of reconditioning and should be re-
placed. ’ '

Often when equipment needed in highest priority or most demanding experi-
ments is replaced, the old equipment can be assfgned to Tess‘demanding work or
used by students to fam111ar1ze themse]ves with the operating principles of the
: apparatus '

‘The location of mak1ng repairs is usua]]y se]f evident. 'Instrumentation may
be flxed in situ,’ brought to the repair fac1]1ty or returned to the manufacturer.
We prefer to repair equipment on the site if it .is frag11e, too bulky or heavy
~to transport or part of a large system that_wou]d be difficult to s1mu]ate at
the maintenance shop. Instruments are usually returned to the manufacturer as
the last. resort; however, there”may be reasons which make this necessary in-
cluding equipment'sti]1 under warranty or_apparatus'requiring.repair or calibra-
tion facilities that are beyond,the scope of those available locally.

Maintenance can be undertaken'by the same engineering and technician staff
~ that ordinarily use the equipment. Let us. call this "distributed maintenance",
since it is distributed throughout the laboratory On the other hand, main-
tenance can be done by a central fac111ty. A combwnat1on of the two approaches

described above is also a possibility.

There'are some arguments in favor of distributed maintenance. When equip-
ment breaks dbwn,-the-Staff are temporarily out of work, they might as well re-
- pair the broken-down unit immediately. Also, the equipment need not be trans-
ported; this avoids the possibjiity of damage in transit.
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Arguments in favor of a central repair facility are that staff who continually
maintain instruments can be much better trained in that aspect of the work. They
become familiar with a class of instruments and are thus able to identify faults
more rapidly than a pérson who only occasionally does repairs. It is also more
efficient if spare parté,-ca]ibration and méintenancelaids and the repair instruc-
tion manuals are all located at one site. a

Akguments in favor of a combination distributed-cehtra]ized repair facility
are that minor répéirs such as broken control knobs or pilot 1fghts can be taken
care of locally with more extensive repairs being made at the central shop. Main-
tenance at our Laboratory follows the distributed-centralized repair concept.

II1. MAINTENANCE.FACILITIES

It is important that adequate working area be assigned for the maintenance
of laboratory equipment. Using the facilities of our Laboratory as an example,
Fig. 1 is a plan view of an area of_approximate]y-272'm2 assigned to the repair
of equipment such as oscilloscopes, signal generators, power supplies and mobile
radios. Fig. 2 shows an adjacent area of 114 m2 in the same building 'used to
recondition meters and chart recorders. '

An adequate library is a crucial part of any maintenance organization. It
should include several typeélof naintenance aids. Handbooks and texts supplying
general maintenance information or suggested repair procedures are difficuit to
find. Referenceé 2 is an excellent treatment of the subject; although the prin-
ciples of measurement are still in vogue, the instruments employed for making
the measurements are being replaced by newer models with improved character-
istics. Ref. 3 is a later. handbook by the same author. The Instrument Society
of America has a division concerned with the maintenance of industrial instru-
ments. A number of their publications should be of interest to those maintain-

ing and]ytica] instrumentation. 4,5

Several manufacturers provide monographs
and periodicals of general interest to maintenance technicians. Examples of
these services are listed in Ref. 6, 7 and 8. In addition,_severa] journals
include freduent articles on operating characteristics of new instruments and oc-

9,10,11 Specif1C instruments

casiongi]y'ideas useful for upkeep and maintenance.
should only be serviced with the aid of the instruction manual supplied with that

specific model of equipment.
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' Finally, catalogs and component handbooks are useful to describe the operat-
‘ ing'chakacteristics of the individual components (such as integrated circuits)

as an aid to findfng substitute spare parts when a replacement. for the'original
part is not available.

: Cassette audio and video tapes are beginning to be a powerful new tool for

A maintehance"instruction. See, for exémp]e, Ref. 12. The advantage of video

tape instruction is that the lecture can be repeated many times until the student
. masters the concepts presented; a human teacher would soon tire of making an

oft repeated delivery.

Fig. 10 shows a part of the library in our maintenance shop.

IV. MAINTENANCE STAFF

Now let us consider the qualities and experience needed for maintenance tech-
nicians. Good repair personnel require a particular temperament; they must be
meticulous yet quick to grasp technical details. They should be more interested
in kepairing the apparatus than attempting to redesign it. (Good design tech-
nicians make poor repairmen; they continually try to modify the equipment in an
attempt to-Up»grade it.) '

"~ -As discussed in a related paper; our Laboratory technicians are selected on
the basis of a combination of ability, education and experiencé.]3 On-the-job
training is a vital component of improving the performance and capability of the
maintenancevstaff. .

Ref. 14 is an excellent discussion of the suggested curriculum, text books
and training aids for a 2 year program to train those interested in -becoming in-
strumentation specialists. This work, first published in 1964, is presently out
of print and being revised; it is expected to be available as an Instrument
Society of America report early in 1977. ManageMent staff responsible for tech-
nician training are urged to refer to this new report or others of a similar

nature.

The staff of our various maintenance facilities are organized into groups
corresponding with the different types of equipment they repair. For example,
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small computers and their peripherals are maintained by a Real Time Computer
Systéms_GrOup;‘nuclear instrumentation is repaired by the Measurement Techniques
and the Physics Systems groups; oscilloscopes, signal generators.and recorders
are reconditioned in the Engineering Support Group. See Ref. 15 for an organiza-
tion chart of the above groups in the Electronics Engineering Department.

V. MAINTENANCE PROCEOURES

It would be useful to consider a flow diagram of the procedures followed
after ihstrumentation has been acquired by a research organization. What must -
be done to facilitate speedy maintenance when it becomes needed? See Fig. 3.

It is an eyidence of poor planning if the maintenance staff are suddenly con-
fronted with an equipment malfunction in an instrument they have never seen be-
fore. In contrast, good planning requfres that the staff have had an opportunity
to examine each piece of new equipment to see if it is operating properly as
-.well'as'order spare parts that may be peculiar to that unit. It is important that
a second instruction and repair manual be ordered at this time if it was over-
looked in the initial procurement. One manual should become a part of the main-
tenance library which has already been discussed. '

The following discussion describes procedures followed ih‘répairing an in-
strument at our Laboratory. Fig. 4 shows the record card which is filled out
for each new instrument as it is acquired; This information is fed to & computer
and bi-monthly property logs published of the equipment on hand at the Laboratory.
~See Fig. 5. ' Co

After an instrument has been in service‘it will sooner or later require re-
ca]ibratiOn or repair. Some instruments may be self-calibrated, i.e., the means
for reca]ibkation are designed into the unit; others must be sent to a central
facility fdr this service.  As has been mentioned earlier, minor,rebairs are ex-
bected to be made by the user himself. For more extensive up-keep and recon-
ditioning most laboratory instrumentation is sent to the appropriate facility to
be repaired. Fig. 6 and 7 show a Tektronix oscilloscope being brought to the.
maintenance shop and logged in. Fig. 8 is a copy of the repair form that is
filled out for each instrument. By means of multiple copies this document serves
three functions: - one tag attached to the instrument indicates the work to be
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CAPITAL ASSETS RECORD CARD

. i DESCRIPTION: , OSCILLOSCOPE AECH 121364
F&370L06 -18-63 | |
PURLHASE ACCOUNT] £OSY . SERTAL #

7931-01 E57o.oo o .800559
~t.L R} 4V ¥
" Yes No TEKTRONIX 567
. . ) ~ RETURN TO STOCK
.\CCQUNT BOOK & PAGE NAME LOCATION DATE 800X &t PAGE DATE
L28L-01 | Code 22 Bill Smith | 7-214 11-19-63
LOCATION:
DATE:
LOCATION:

DATE:

Fig. 4 "Information filed on eéchv instifument as it is acqui‘red.

q9
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CBB 767-6797

Fig. 6 Oscilloscope being brought to
maintenance facility for repair.

Figs 7

Instrument being

CBB 767-6809

logged in.

P9



UNIVERSITY OF CALIFORNIA ELECTRONIC MAINTENANCE

LAWRENCE BERKELEY LABORATORY BLDG. 7 ROOM 214
EXT. 6181
NAME
BLDG. —____ ROOM —___ PHONE r’-ROUP.
NAME WILL PICKUP
AEC NO. BLDG. ROOM DATE
1-6 7-10 11 -14 16 - 18

ITEM MFG.
JOB NO. PHONE DATE NEEDED
MODEL SERIAL NO. GROUP

DEFECT OR WORK TO BE DONE:

ACCESSORIES:

WORK DONE:

DATE TOTAL HRS. BY
RL-1698 (Rev. (9/12)

%+ QPO 792 886

Fig. 8 Repair foru filled out for instrument brought in for raintenance.
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done; upon repair it becomes a record of the remedial action taken; and it may
be used as a shipping tag to return the equipment to the user.

Upon diagnosing the apparent malfunction or operating problem the equipment
is usually disassembled, cleaned, realigned, calibrated, reassembled and given
a final inspection before returning the unit to its user.

At most laboratories there is a perennial backlog of equipment awaiting at-
tention. Fig. 9 is a photograph of the instruments in our repair facility in
this condition. Normally, instruments receive attention on a first-come-first-
served basis; however, priority is given to apparatus requiring special attention,
e.g., a unique monitor at one of our computers.

Fig. 11, 12, 13, 14 and 15 illustrate the steps we typically take in the re-
habilitation of a laboratory oscilloscope. It is of interest to note in Fig. 12
that the manufacturer recommends a water spray saturated with a detergent for
removing the accumulated dust from its units. This is followed in Fig. 13 by an
oven bake to remove all-moisture.

Fig. 16, 17, 18, 19 and 20 show a similar procedure for meters and chart re-

corders that are undergoing repair.

VI. RECORD OF PEPAIRS

Upon completion of these procedures a tag is affixed to the instrument as
a reminder of the date of the last service. See Fig. 21.

Records are made of the Tocation of each instrument and kept until the equip-
ment is dismantled or sent to some other institution. The service records of in-

struments are filed for 3 years. See Fig. 22.

VII. SUMMARY

The role of the instrument repairman is often unappreciated until a vital
piece of equipment malfunctions; at this point his services come into immediate
demand and the equipment user insists that the unit be repaired without delay.
With thorough training in maintenance procedures and planning ahead to procure in-
struction manuals and spare parts, the delay in returning a unit to service can be
minimized.



CBB 767-6801

Fia. 9 Equipment tagged and awaiting repair.

CBB 767-6741

Fig. 10 Maintenance staff referring
to technical manual.
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Fig. 11 Initial disassembly. Note layer
of dust on components.

CBB 767-6815

Fig. 12 Some instruments can be cleaned by water
spray saturated with detergent.



Fig. 13 Oven
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bake following spray cleaning.
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Fig. 14 Circuit realignment.
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Fig. 15 Reassembly of subcircuits.

CBB 767-6757

Fig. 16 Portable meters being returned
for repair.
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Fig. 17 Disassembly of volt-ohm-milliammeter
for repair.

CBB 767-6775

Fig. 18 Repair of panel mounted
meter.
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CBB 767-6781
Fig. 19 Repair of chart recorder.

CBB 767-6769

Fig. 20 Final inspection of chart
recorder after repair.
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VICED ON

Fig. 21 Tag that is filled out and affixed
to instrument after maintenance.

CBB767-6795

Fig. 22 Records are kept for each instrument.
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