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ABSTRACT

The concern of this research was to investigate the applications
of basic medical'electronicAinstrument concepts perfinent to instrument
operation for the education of medical technologisté. A second concérn
involved a literature review regarding medical electronic instrument
theory and the operational instructions included in instrumeﬁt manuals
supplied by manufacturers.

This study attempted to: (1) investigéte medical electronic
instrument theory and the operational instructions included in instrument
ménuals,_(Z) collect information from medical electronic instrument manu-
facturers pertaining to medical electronic instruments used by health
personnel, (3) discern and identify the sectional circﬁit functioning
of selected electronic instruments, and (4) illustrate common electronic

circuits in selected medical electronic equipment.

Methods
The research design employed in conducting this study was that
of descriptive analysis. A letter requesting information was developed
to collect information from manufacturers of medical electronic instryu-
ments. The acquired information was analyzed and presented in narrative
»fo¥m supplemented by block diagrams of electronic circuits to augment

the analysis.

Conclusions
The primary conclusions obtained from this analysis are: (1) basic

knowledge of electronic theory in conjunction with comprehension of

ix




‘operational circuit functions of medical electronic instruments is essen-—
tial for proper utilization.of medical electronic instruménts or instru-
ment syétems, (2) operational and service manuals, supplied by.manufactufers
sﬁould be studied thoroughly before operating and/or troubleshooting a new
Or‘used electroqic instrument, and (3) medical electfohic'instrument opera-
tors should only perfofm maintenance that is within'the‘realm of their
‘knowledge and éxperience, utilizing block diagrams to identify sectional

circuits described in operational/service manuals.

Recommendations
It is recommended that: (1) further investigation should be under;
taken to ascertain the essential aspects of research regarding eleétropic
instruments or insfrument éystems, and (2) dincorporate a different means
of instrumentation categorization, (i.e;, by instrument measurement
methods) to subdivide medical electrbnic instrumentation for analysis of

-ecircuits, circuit blocks, and instrument functioning.




CHAPTER I
INTRODUCTION

Medical electronic instruments used in medical'sciénce are becom-
ing increasingly compléx in.deéign. With the relentless increase in
sophisticated circuitry, the problems encountered in equipmentbmainten—
ance and operation increases commensurately. This, in turn, makes the
services of an electronics expert mandatory for all but the simplest
maintenance and repair (1). Thomas D. Schroeder (2) observed that usually,
/ hoﬁever, the reéponsibility for general maintenance of medical electronic
instruments is bestowed upon the medical techhologist who routinely oper-
ates them.

A knbwledge of basic medical electronic concepts would then be
esseﬁtial to eradicate the fear of electronics often experienced by the
noviée. Such knowledge would permit medical technologists to operéte
sophisticated medical electronic instruments more effectively, intérpreﬁ
" meter readings aﬁd display‘indications more meaningfully, and to fecog—
niée the need for recalibration and/or repair when the meter or display
indications may be in error (3).

.Philip G. Ackermann (1) proports that knowledge of basic theoreti-
cal operation will enable the medical technologist to use medical elec-
tronic instruments more intelligently. Ackermann (1) further proports
that the technologist will have basic concepts of why the suggested opera-

tional and maintenance procedures are necessary and why certain shortcuts

1
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which may.suggeét themselves are not applicable.

A knowledge of how an instrument functions will give the medical
technologist basis for appreciating its particular advantaggs and limita-
tions. On the other hand, when the services ofran electronics expért
are required, valuable time will be saved by the knowledge that the
simpler causes of malfunction have been eliminated and the probablé

causes already suggested @, 3, 4).

Statement of the Problem

This research was concerned with the applicétion of basic medi-
cal electronic instrument concepts pertinent to instrument operation
for the edﬁcatioﬁ of medical technologists.

‘The -objectives of this résearch were to: (1) review literature
regarding me&ical electronic instrument theory and.the‘operational
instructions included in instrument manuals provided by manufacturers;
(2) collect information from medical electronic instrument manufacturers
pertaining to medical electronic instruments used by health personnel,
(3) discérn and ideﬁtify the sectional circuit functioning Qf éelected
electronic}équipment, and (4) illustrate comﬁon electronic circuits in
selected medical electronic equipment without duplicating sectioﬁal ciri

-cuits common to more than one electronic instrument.

Need for the Study

Edward J. Bukstein (3, Preface) Bioelectronics Specialist,
Hennepin County General Hospital, Minneapolis, Minnesota has stated:

Electronic instrumentation has become so much a part of medical
science that an understanding of the basic medical electronic con-
cepts has become mandatory for doctors, nurses, and other medical
personnel. Although it is not necessary that medical personnel
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become experts in the field of electronics, it is essential that-
that they acquire a familiarization-level of the subject.

The great variation in the complexity of instrumentatiqﬁ makes
understanding instrument operation difficult. It is proposed that the
application of the basic principles of instrument operation will result
in improved ability to read and understand instrument operational
manuals (4). Schroeder (2) suggests that rather than attempting to
instruct individuals about specific instruments, a more appropriate
approach would be to instruct health personnel in basic medical elec-
tronic instrumené operation concepts which could be applied to all
instruments regardless of funétion and complexity.

In most cases, it is the responsibility of the medical technolo-
gist operating the instrument to perform the necessary maintenance and

‘to. correct minor,malfunctionsf Unfortunately, few medical technologists
possess the technical knowledge of electronic concepts to deal with such
tasks. »According tovthe National Council on Medical Technolbgy Educa—
tion (5), inédequate clinical instruction in instrumentation and appli-
cation of theory to practicallaspects of laboratory Qork,bcoupled with.
the rapid expansion of medical electronic instrumentation, has produced
weaknesses in the areé of medical electronic instrument education for
medical technologists.

Therefore, when electronic failure is the cause of malfunctioning,
the delay of non-operational status is costly until the manufacturer's
representati&e alleviates the problem. The inflexibility to continuoﬁsly
rely upon the manufacturer's representative could be remedied, because;
just as ﬁedical technologists can be taught to operate instruments, soO can

they be taught to recognize, test, and diagnose faulty circuitry (2).
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With the large development of medical electronic instrumentatien

end manufacturers continually offering improvements, it is.mandatery that
medical technologists, and other health persoﬁnel,.understand instrument
.vfuﬁctioning not only for educational pﬁrposes but to establish self con-
_fidence in the use of eleetronic instruments and in the evaluatioh of

the output indications.. Knowledge of basic instruments' operational
electronic concepts would provide the background for medieal technolo-
gists to operate equipment properly,.detect certain malfunctions, and
make. minor and/or major repaire depending on the techmnologist's skill

level and supplementary training (1, 3, 4).

Limitatieﬁs

The scope of this study was to investigate and ascertain pertinent
information associated with the basic understanding of medical electronic.
instruments' operational concepts. The information of this study was
obtained by developing an information request letter and mailing it to
selected manufacturers of medical electronic instruments. The mailihg
list of medical electronic instrument manufacturers was developed from
the 1976 '"Clinical Lab froducts Guide'" published by Clinical Lab Products,
Inc., Wellesley, Massachusetts.

The selected medical instruments were limited by conducting per-
sonal interviews with medical technology instructors at the University
of North Dakota and with the laboratory supervisot of the United Hospital,
Grand Forks, North Dakota. The criteria.for selecting the instruments
was based on coﬁmonality throughout ﬁniversities, hospitals, and research

facilities utilizing medical electronic instrumentation.
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The possibility of a self-imposing limitaﬁion was coﬁsidered
because of‘the apprehension of instrument manufacturers to divulge infor;~
mation on sophisticated electronic equipment. This limitation was non-
regulatory and pfesented a significant barrier to the analysis of data

appropriate to this stﬁdy.

Definition of Terms

The following is a list of'operational definitions used through-

out the description of the research material.

Instrumentation Systems - a set of instruments and equipment -
utilized in the measurement of one or more characteristics or phenomena,
plus the presentation of information obtained from those measurements

in a form that can be read and interpreted by techmologists.

Medical Electronic Instrumentation — Instrumentation used for the
measurement and recording of electronic, chemical, and physiological
variables.

Passive Elements (components) - An element (component, e.g., res—

istor, capacitor, inductor) which consumes or stores electrical energy.

Active Elements (components) - An element (component, e.g., tran—
sistor, Vacuum tube, diode) which transmits electrical eﬁergy; or con?
tains:a voltage‘or current source.

Fibrpmeter - An instrument inéorporated in medical science‘for
measuring the clotting power of blood.

Osmometer - Measurement of osmotic pressure. The force that a
dissolved substance exerts on a semipermeable membrane, through which

it cannot penetraté, when separated by it from the pure solvent.




6

Scintillation Counter - A device employing scintillation for

detecting and measuring radioactivity. Scintillation is a flash of
-light*occﬁrring as a result of the ionization of a phosphor when struék
bj_an energetic photon or particle.

Fluorométer - An»instrument for measuring flporescence, often as
a means of determining the nature of the substance emitting the fluor-

escence.

Densitometer — An Iinstrument for measuring the density of a sub-

stance.

Photometer -~ An instrument that measures luminous intensity or
brightness, luminous flux, light distribution, color, etc.

Medical Electronic Conéepts - Cognitive areas within the scope

of electronic education pertinent to medical science.

Gas Chromatograph - The instrument used in gas chromatography
to detect volatile compounds present. Gas chromatography is a separa-
tion technique involving passage of a gaseous moving phase through a

column containing a fixed absorbent phase.

Spectrophotometer - An instrument that measures transmission or
apparent reflectance of visible light as a function of wave length, per-
mitting accurate analysis of color or accurate comparison of luminous

intensities of two séurces or wave lengths.

Flame Photometer -~ An instrument for measuring the concentration
of a substance in solution by measuring the light emitted by the sub-

stance when vaporized by flame.

Glucose Analyzer - An instrument that performs chemical analysis
of glucose (sugar) composition; may be automated to do a sequence of
analytical tests by continuous flow or discrete sample techniques and

printout of record results.
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Blood Gas Analyzer - An instrument for measuring blood gas con-

~tent, giving either a digitél readout or recorded results.
pH Meter - An instrument (analog or digital) for measuring the
hydrogen don activity of a solution.

Mass Spectrometer — An analytical instrument which identifies a

substance by deflecting a stream of electrified particlés (ions) accord-
ing to their mass.

cl/coy Analyzer - An instrument for measuring chloride and carbon

dioxide content of blood serum, urine, or other biological fluids.

UV _Spectrophotometer -~ An instrument similar in function to a

spectrophotometer, except utilizing ultraviolet light absorption by the

specimen for identification.




CHAPTER II

REVIEW OF LITERATURE

Introduction

In recent years progress in medical electronic instrumentation
has been rapid. A major reason for this progress is‘primarilyldue to
the union of medicine and engineering. Because of the acceleration of
medigal énd electronic technology, the understanding of instruments'’
eieqtfonic functioning is imperative for the propér opération and care
of medical electronic systéms (6).

This author has conducted an extensive literature search in the
field of medical electronic instrumentation and has determined that the
limited existing literature indicates a need for the education of médi—
cal electronic instrument operators. This is nmot only conducive to
instrumént operation and maintenance, but also to the advéncement of
the "'state of thé a;t” in electronics and technologists performance and/

or competency levels.:

Basic Function and Role of the Medical Technologist

The medical technologist is an invaluable member in a clinical
laboratory. Generally considered as medical or laboratory ﬁéchnicians,
they concentrate their skills toward laboratory research/diagnosis while

operating the appropriate instrument to achieve analytical test results.

8
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Laboratory research/diagnosis refers to the performing of analyti-
cal tests to provide data for diseese determinatien. The medical technol--
ogist will utilize specimeﬁs of body fluids and/or secretiomns and, through
the use of‘instruﬁentation.systems, make the necessary qualitative and
.quantitative analyses. The medical technologist will then consult with
associates of a medical or research team to evaluate ehe collected data
and formulate correct diagnosis of a ﬁarticular variable and disseminate
this information to colleagueés.

Furthermore; the medical teehnolqgist is a manager. He or éhe
performs the neeessary duties to establish and coordinate laboratory func-
tions and maintain integrity within the medical laboratory environment.

It is understandable, therefore, to see the necessity for medical tech-
nologiets to have a basic knowledge of electronic iﬁstrumentation opera-
tion (7).

The complexity and sophistication of available medical electronic
eQuipment ﬁas.eeen both a blessing and e curse, To properly operate
ehese sophisticated tools the medical technelogists' function is to main-
tain a working knowledge of these instruments. Subsequently, the medi~
cal technoiogists' function is to be»able to accurately recognize fopr
basic questions‘in the medical laBoratory environment (8):

1) Is the'instrument‘capable of_performing the appropriate

test/analysis?

2) Is the instrument correctly aligned, celibrated, and operating

pfoﬁerly?'
‘3) 1f the test results are incorrect, is it due to faulty test

techniques or instrument malfunction?
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4) If the instrument ié malfunctioning, where is the problem,
and:can it be repaired without additional assistance?
The roles of the medical technologist are multiple and diverse.
Howéver,‘the challenge can be met by maintainiﬁg knowledge leveis pro-

portional to medical electronic advancements.

'Medical Electronic Instrumentation Technology Education Necessity

TLord Kelvin once stated: 'When you can measure what you are
studying, and express it in numbers, you have advanced to the stage of
science" (9, p. 5); Medical electronié_instrumentation has achieved
such a level aﬁd is continuously perpetuating itself fﬁrther-into com-
plexity and sophistication. Unfdrtunately, medical eleétronié instru-
mentation training for health personnel has not kept abreaét with tech-
nological'adﬁancements.

This problem was recognized by Terenée G. Karselis (5, p. 134)
who observed: |

In recent‘years the need for a bréader techﬁological background

in medical technology education has niade itself obvious . . .
" The rapid expansion of instrumentation has produced weaknesses in
some areas of medical technology education.

Scott D. Anderson (7) exemplifies this very fact indicating that
medical electronic instrumentation sophistication has led to the need
for trained personnel in operation and trdubleshooting of equipment in.
medicine and/or research.

It is evident then that health\personnel, especially_medical
téchnologists, must not only master the operation of medical electronic

instruments, but also be responsible for the routine maintenance of this

equipment (2, 10).
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Karselis (5, p. 134) concluded that medical elegtronic instrumen—
tation knowledge is essential for the development.of confident and com-
petent medical technologists:

| In én effort to provide confident and competent technologiéts
capable of mastering complex instrumentation, instruction in basic
electricity, electronics, and even computers is now being proposed.
An electronics course that would help build such confidence in a
technologist is needed.

Operationalism has plagued medical electronic instrumentation
that is now curréntly at the disposal of healfh personnel. As instru-
‘mentation increases in complexity, the possibility of lengthy downtime
incréaseé. David Sohn (10) observed that-major changes in design of
medical electronic equipment is indicative of decreasing downtime, per-
mitting rapid verification of pfoper operating conditions, and promoting
ease of maintenamée. |

However, redesigning or maintenance~free designing of medical
electronic instrumentation does not provide a thorough remedy. Even with
decreased or easier toutiﬁe maintenance many experienced medical techf
nologisﬁs still express apérehension regérding troubleshooting of elec-
tronic instrumentation due to lack of adequate knowledgé and/or training
in the éleétronic; of instrumentatioq x, 2, 5, 11).

The‘acute need for medical technologists to acquire electronic
instrumentation knowledge is not only necessary for promoting greater
phderstanding of electronic instrument operationalism, but more signifi~
'cantly to provide a ffontlineAservice (as may be provided by medical

technologists) of troubleshooting to alleviate costly and sometimes detri-

mental electronic equipment malfunction.
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Understanding Medical Electronic Instrumentation

In’a broad sense, medical eleéfronic instrumenfation includes

many types of insfruments used in connection with the various aspects

of clinical medicine and/or medical reséarch. .Regardless of its‘complex—
ity or simplicity, every medical electronic piece of equipment can be‘
cénsidered in. a highly simplified manner. To accomplish itsvfunctioq,
the instrument must have at least three elementary systems. These are:
(1) the'signal input, detecting or sensing system, (2) the signal pro-
cessing, amplifying or'modifying system,‘aﬁd (3) the signal display or
readout system. Each of these threg systems are in turn made up of indi-
vidual stages and component chains. Figure 1 illustrates a blpck diagram

approach for a typical instrument (11).

7

2777,

7,

N\

' TRANSDUCER /A AMPLIFIER METER /
INPUT PROCESSING . READOUT
SYSTEM - SYSTEM SYSTEM

Fig. 1. Block diagram of electronic instrumentation (11, p. 201).

The systems mentioned above, associated with electronic instru-
ments, are adaptations of one or more basic circuits. These circuits in

turn are constructed from basically six fundamental types of components.
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These six componets (elements) are:

1. Resistors

2. Capacitors (condensers) - Passive elements

3. Inductors (coils, chokes,
transformers)

4. Vacuum tubes

5. Semiconductors

Active elements

6. Integrated circuits

Since electronic.instrumentation is an extension of the range of
human faculties, it is understandable thst these instruments should be
deSignsd to meet the following triteria:'

1. To insrease humsn sensitivity for the purpose of detecting

phenomena beyond normal human range

2. To increase the speed of performing a particular function

3. To be caﬁable of performing more than-one function simul-

taneously

4. To reliably be able to reproduce the desired results under

the above conditions

5. To be economically feasible.

Thése five criteria make up the objectives that is hoped will coexist
in any electronic instrument (6).

| It is important that those who work with medical electronic
instruments understand specific.petformance characteristics of such
instruments. In doing so, thé technologist is better able to intsrpret
manufacturers' literature and make:knowledgeable comparisons between simi-
lar electronic devices. Furthermsre,'it will enhance the process of

sélecting the spebific<instrument best .suited to do a particular task and
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promote understanding of instructions for the instruments operation

(6, 10, 11).

Advances in Medical Electronic Instrumentation

Ihrough the use of technology, humanity has succeeded in develop-
ing electronic tools which can function rapidly, acturately, and require
only‘very small sample amounts. Iﬁ the near future, however, many of
the present automated medical electronit instruments will.be obsolete.
The reason behind this is the fact that instrumehts which are even
smaller, more atcurate, and easier to maniptlate are being developed.
~This, in turn, is possible through the development of microprocessors
(coﬁputers on a ”chip"),'aﬁd large scale integration (10, 12, 13, 14).

‘The future of medical electronics probably lies in the hénds of
tﬁe manufacturer. . Just in the last decade, developments for medital
electronic instrumentation have been made in the realms of biomedical
telemetry or telemedicine, minigturization of equipment (i.e., gas
chromatograph—mass spectrometer and X—ray fluorescence spectrometer
utilzied in the Viking Mars land probe), light amplification by stimu-
lated emission of radiation (1asér),vand computerized self-checking cir-
cuitry which pinpoints malfunctioning circuits of instruments sub-systems
(15, 16, 17). |

Cértainly the next decade will see many changes in medical elec—
tronic instrumentation. The net result could be one of simplification
and systemization of instruments ptoviding much less downtime and greater
stability, accuracy, and reliability. However, the ramitications of
future medical electronic instrumgntation developments may be plagued

by ‘troubleshooting and serviceability. Consequently, standardization of
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replaceable components‘or circuit secfions,_compatability between sub-
-systems, and self-contained checking circuitry should be incorporated
} o into future instrument designs (12, 15).
| Future medical electronic instrumentation development.and imple-
mentation has one other iimitation, that being the issue of cost-
effectiveness. Will the ultimate cost—beﬁefit ratio be too high for
prdctical appiications? This question can only be answered by the
;éstrictions, limitations, and regulations governing instrument manu-
i _ facturing ahd sales. If these aspects are too stringent, then résearch

‘and development of new medical electronic instruments would be impossible.

for.manufaéturers to fund (15, 18).




CHAPTER III
- METHOD AND PROCEDURE

Type of Research

This study incorporated the method of descriptive analysis to
investigate and ascertain the proposed'subject matter. -A letter request-
ing information was developed.to collect the desired information from
manufacturers of medical électronic instruments. The acquired informa-

tion was analyzed and presented in narrative form.

Instrument Selection and Manufacturer Compliation

Personal ‘interviews were conducted with staff members of the
Department of Medical Technology, University of North Dakota, and-With‘
the laboratory supervisor of the United Hospital, Grand Forks, No;th
Dakota, through which a list of medical electronic_instruments was
developed. This list, for all practicdl purposes, is indicative of
instruments commonly found in a laboratory environment and normally
operated by medical technologists.

The 1976 Clinical Léb Products Guidg was used as a source to
develop a.mailing list of mediéal electronic instrument manufacturers.
Two hundred and twenty-nine addresses were compiled and the information

'request letter mailed.

16
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Information Letter Design

The information request letter was designed to elicif eaucationai
informatioh which would be applicable to this study. The letter explained
the basic objectives of the study along with épecific information.being
sought concerning the selected medical electronic.instruments; It should

be noted that some manufacturers were reluctént to supply specific cir-
cuitry information on the medical electronic instruments manufactured by
them. The reason given for this reluctanqe was due to the manufacturer's
policies of not supplying detailed circuit information, excgptvto labora-
tory and research facilities which oﬁn and opefate their equipment.

Hoping fof a greater response to the letter, the participants
were given thé option to request a copy of the éummary'and/or abstract

of this thesis. The letter is featured in Appendix A.

Analysis of Information

Information received from the manufacturers was analyzed and
grouped into basic instrumentation functions (i.e., conditioning equip-
ment, special test equipment, auxiliary equipment) and placed in tabular
form. A descriptive analysis of the circuit function common to some oY

all of the instruments was discussed for each instrument category.




CHAPTER IV

PRESENTATION AND ANALYSIS OF INFORMATION

Intent of Study

The nature of this research was to provide'information about
medical electronic instruments in comparison with established elec-

tronic theory for the education of medical techhologists.

Categorization of Information

The instrﬁments utilized in this study represent a large and
diverse accumulation of specialized énd nonspecialized ﬁedical equip-
ment which thebmedical technolbgist may operaté. Therefore, to main-
ﬁain a 1ogi;al order of instrument‘analysis, the medical electronic
instruments identified for this study were categorized-according to
their basic function. -The establishment of these éategories is not
indicative of fhe simpléx or complex electronic circuitry contained in
each instrument. For example, pH‘meters, classified as basic measuring
equipment, in comparison to other equipmént may have very simple cir-
cuitry, whereas chart recorders, classified as auxiliary equipment,
may have extremely cémpiex circuitry, ali dependent on their intended
use.

Table 1 shows the five instrumentation categories used in this

study according to their basic function.

18
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TABLE 1

INSTRUMENT CATEGORIZATION ACCORDING TO BASIC FUNCTION

Category 7 R Device

Conditioning Equipment/Instruments Freezers/Refrigeration
- Centrifuges (Bench, Refrigerated)
Cell Washers '
Pumps
"Slide Stainers

Optical Equipment/Instruments . Microscopes (including Illumina-
: ’ i T tors)
Monitors (CRT)

Basic Measuring Equipment/ » Analytical Balance (Electronic)
Instruments ~ pH Meters
: ' @lectronic Thermometers

. Specialized Test Equipment/ éibrometer
Instruments v Qsmometer
Densitometer
Fluorometer

ﬁhotometers
[l) Spectrophotometer

lZ) UV Spectrophotometer
Analyzers

“11) Blood Gas

2) Cl/Cop

3) Glucose

as Chromatograph

ounters

1) Typical

2) Scintillation

QQ

Auxiliary Equipment/Instruments ~ Power Supplies
' Electronic Timers
Scale Expanders
Printers

Cbart Recorders

Population Return

Sixty-eight of the 229 manufacturers responded to the form letter

requesting specific information on selected medical electronic
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inétruments. This represents a 29.69 percent return. Fifty-three of
.thebsixty—eight manpfacturers who responded sent usable matefial; The
other fifteen maﬁufacturers who responded sent material that.was not
pertinent to the study qf manufacturers: who &ould not divulge the ﬁypé
of information requested.

The peréent of returﬁ from the total number of ménufacﬁurers is,.
in itself,vnof significant. However, tﬁe percent return bn the list of
selectéd'medical electronic inétruments is very significant. Satisféc—
tory ihformatioh was received on twenty-five of the o?iginal twenty-nine
instruments. This>re§resents an 86.2 percent instrument return. further—
more, information on the same type requested for the original instrument
list was supplied on an.additional_eightAinstruments’and/or Special ana-
1yzef éystems. fhe'additional medical electronic instruments/systems,.
from this point on in the study will be |categorized as "additional

instrumentation systems."

"Type of Anallysis
The information received for each instrument was carefully
reviewed and synthesized for the information pértinent to_this study.

‘This information will be presented in a descriptive form utilizing
: | . ,
\

diagrammatical representations to supplemént and gugment the analysis.
The séquence of information presentation will follow thé categori-

zation structure established in Table 1.| It should be noted that the |

instruments listed in Table 1 are, in some cases, generic name classifi-

cations used for a group of instruments which provided the same function.

For example, the term "freezer" can imply low temperature coolers,
freezer-dryers, sub—arctic storage cabin%ts, or portable circulating

|
|
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heater/coolers. A few of the instruments or piecesvof equipment may not

|

contain sophisticated electronic components. This, however, does not

detract from the importance of incorporating circuit schematics and

diagrams of the lesser sophisticated equipment for the analysis of the

collected information.

Analysis of Conditioniﬁg Egq

Freezers/Refrigeration

The freezer/refrigeration systems
. . ' i

. |

ments in refrigeration technology. Unti
low temperature refrigerant, combined wi
sors, the greatest limitation to refrige
Now the new mechanical designs permit dg

incorporated in compact physical sizes.

ing systems are the Multi-Cool System an

uipment/Instruments

reviewed are results of advance-
1 recent develbpments in ultra-
th very small high-speed compres-—
ration systems was physical size.
uble the cooling capability

Two good examples of small céol—

d Flexi-Cool System, both manu-

factured by FTS Systems, Inc. The forme
chamber, circulating cooling bath, celd
temperature source. The 1étter systeﬁ it
meters, photo detectors, or spot cooling

Apart from freeze-dryer systemé,
basically the same and house similar ele
Some deviations will exist between manuf
on the design specifications established

illustrates the block diagram of a typic

r system can be used as a storage
plape, vacuum trap, pr_controlled
ay be utilized in mass sprectro-
refrigeration systems function
ctrical/electronic components.
acturers and models depending

by the purphaserf Figure 2

al '"chest" type ultra-cold

refrigeration system. The block diagraﬁ‘primarily,shows the .separation

between the high and low véltage circuit

systems require the same basic circuitry

F. Vertical refrigeration storage

| with the inclusion of lighting
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circuitry.
refrigeration systems. Note the additi

is used for defrosting the center secti

refrigerator unit.

i

Figure 3 illustrates a typical wiring diagram for vertical
on of a "mullion" heater which

on of a two-door vertical freezer/

i ’ . . ’
The:freeze—dry systems essentially use freezer systems with the

addition of a vacuum pump to extract wa

ter (which vaporizes from a sub-

stance under laboratory tests. The theory of operation consists of a

pre-frozen sample that is introduced to.

a high vapor pressure differen-

tial created’by‘the>evacuated system. Ambient heat reaching -through

the walls of its container acts as the driving force to sublime water

vapor from the sample. It then passes t
the center of the refriéeration coil sys
heat is abéorbed and once agaiﬁ reappear
air being removed from the system is suc
low temperature condenser coils and is f
the vacuum pump. Figure 4 shows the blo

ffeezer—dry system.

Maintenance and repair on freezer

 tially uncomplicated by‘determining’the

toward specific electrical aspects. A 1

associated probable causes are listed in|

.Freezer/Refrigeration Systems.

Centrifuges

No information was returned on re
‘the principles. applied to simple centrif
condensing coils for refrigeration, are

fuges.

hrough the manifold system into -
tem of the condenser where‘its
s as icé. The path of Vaﬁor énd
h that all vapor passes over the
rozen out before it can reach’

ck wiring diagram of a-tyPical

/refrigeration systems is essen-
general problem and working
ist of problem areas and their

Table 2, Troubleshooting

frigerated centrifugation, but
ugation, with the inclusion of

applicable to refrigerated centri-
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TABLE 2

'TROUBLESHOOTING FREEZER/REFRIGERATION SYSTEMS

Generalized Problem Probable Cause

Runs all the time . High ambient temperature

: : Dirty condenser
Fans not running - check switches
Low voltage - check power line
Restriction in system

Inefficient compressor

NP W N
PR

.

Compressor won't run 1. Power supply dead - check supply
plug '
Master switch off

Defective thermostat

Defective overload, relay or
capacitors :

5 Loose electrical connections.
6. Timer stuck in defrost position
7 Defective compressor

SN

Compressor short cycles or 1. High or low voltage - voltage
trips on overload should be + 10% of nameplate
' ‘ voltage while starting or running-
2. Condenser dirty or fan not

running .
* 3. Defective relay, overload or
capacitor S
4. Loose electrical connections in
* ° cabinet : o

5. Defective thermostat
6. Inadequate supply wire size

Ice inside cabinet ‘ 1. Low voltage
‘ 2. Drain tube heater defective or
not in position
3. Incorrect defrost seetings

Sweat and condensation 1. Cross over plug disconnected
buildup around and on door 2. Faulty door heater

.

Light switch is in off position
Poor bulb contact in socket

One or more defective bulbs
Defective ballast

Defective socket

. Open circuit in lighting circuitry

Lighting system inoperative

[o )R, BN SR O
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TABLE 2 —— Continued

Generalized Problem Probable Cause

Freeze-dryer system 1. Power soﬁrce, any switches or

malfunctioning plug : o
2. Loose gauge tube cable and

socket connections
Defective meters

Defective wvacuum pump

Loose electrical connections
Any of the above associate
problems

[N E L W

Essentially centrifuges are designed to serve many of the labora-

. tory needs. Depending on the intended use, centrifuges can range in

rotational spéed up to 2000 (low speed). to above 5000 (higH speed)
revolufions per minute. They provide a convenient ahd safe method to
accomplish difficult separations of solutions into their component-
parts. |

The electrical circuitry for the basic centrifuge is very simple
and straight forward. Referring to Figure 5, it can be seen that the

schematic diagram does not require a further reduction into functional

blocks.

" Since speed control is accomplished by a powerstat variable

transformer with a specific voltage and single phase operation, caution

should be taken in making the proper electrical connections. For opera-

tion on other than specific voltages, a suitable transformer having a
secondary of 120 volts, and a power rating of greater than 300 watts, is

necessary.

Because of the simplicity of design, the first rule of trouble-

shooting applies: check the simplest, easiest, most obvious things first.




31

Switch SPST

"/c Black . 120v’
— ( 50/60 Hz
ite
Green 1 Ph
Powerstat =
120/0-120v 50/60 Hz
‘ Motorx

Fig. 5. Schematic diagram of a typical precision universal
centrifuge (Courtesy of GCA/Precision Scientific, Chicago, Illinois).

For exémple, is the power
is the master‘switéh on.
and possible electrically
be examined.

Some manufacturers

or laboratory utilization.

developed by the American

cialized centrifuge is to

cord plugged in, is the line voltage correct,
Subsequently, internal electrical connections

shorted transformer and motor windings should

design special purpose centrifuges for research
One example is the Celltrifuge Separator
Instrument Company. The purpose of this spe-

mechanically fractionate whole blood into some

of its cellular components based on their specific gravities. The cir-

cuitry associated with this instrument is more complex than the pre-

viously discussed centrifuges. . Subsequently, a block diagram, as repre-—

sented in Figﬁre 6, simplifies the complexity of the Celltrifuge Separator

circuitry into its functional blocks.

The most important precaution that must be observed when operating

the Celltrifuge Separator is the electrical grounding. Connecting this
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ihstrument to an electrical outlet which is improperly grounded and/or
has incorrect polarity ﬁay create a‘safeﬁy hazard;

Further troubleshooting hints are: (1) if one or all pumps fail,
check fuses; (2) bress reset button if appropriate; (3) if all bumps and
Acéntrifuge do not function, chéck main fuse; (4) chéck>all obviéds elec— .
trical connections; (5) remove individual control circuit boards and
examine discrete electronic components; (6) if instrument failure cannot

be ascertained, call the appropriate service representative.

.Cell Washers

A cell wash operation‘serves to remove certain extraneous blood
compounds fronlspécimens placed in a test tube. Washing operations are
perférmed by mechanical components whose motions are qontrolled in a
programmed sequence by pneumatic and electronic units. The cell wash-
ing unitvwill conSist of a centrifuge head and drive motor Qith related
compbnents including the saline pump, supply system, saline detector,
and electronic controls.

The functions performed by a cgll washer during a typical wash
cycle are illustrated in Figure 7. Depending on thé sophisfication of

the instrument, the wash cycle will vary from one to three complete

‘cycles. Dade, the manufacturer of the C-7M Instrument (a bench-top

instrument with automated options to perform cell washing with Coombs

" serum addition) will be used primarily to illustrate simplified diagrams.

Since this is an automated instrument which performs two functions, the
cell washer aspect will be the only function in this discussion.

Figure 8 depicts a simplified block diagram of the Dade C-7M cell washer

function.
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Due to the complicated.circuitry of the C-7M cell Washer; the possibil-
ity of component failure is higher in relation to less complex electronié
instruments. However, this is overcome, somewhat, by the.use of numerous -
integrated circuits, thus improving its reliability,'stability, and base
‘of use ahd repair. The main troubleshodting concern is proﬁer supply
and/of signal Voltage'leﬁelS'to the integrated circuits. Proper supply
and logic voltages are paraﬁoﬁnt for the assuréd functioning of inte-

grated circuits according to the manufacturer's specifications.

Pumps

The most familiar type of pump is the peristalti¢ pump (puﬁp head
incorporates large or small rollers creating puisations which cause the
pumping action). The normal types of manifold tubing utilizéd with this
ty?e o£ pump is.polyvinyl chloride for pumping aqueous solutions, and
isoversinic for pumping strong acids, oils;’gases and aromatic solvents.

Another type is the syringe pump (a specialized type) sometimes encountered

'in the laboratory where a predetermined amount of fluid must be applied

at a constant rate.

Figure 9 illustrates a block diagram of a peristaltic pump elec-

tronic motor speed control. This particular block diagram is based on

the peristaltic pump manufactured by Gilson Medical Electronics, Inc. .

Other peristaltic pumps may or may not have similar electronic motor

speed controls, depéending on the manufacturer. The primary function of
the tachometer generator is to maintain a precise speed for assured pre-
cision pumping of fluids. This characteristic gives superior performance

over a wide range of speed settings as compared to less sophisticated

electronic motor controls.
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Bridge Voltage 10P .
—» Rectifier » Filter Regulator Amp Sawtooth
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Circuit Circuit
4
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|
Voltage Maximum
»| Divider -t Speed
Circuit Adjust

Fig. 9. Block diagra@ of a peristaltic'pﬁmp electronic motor
speed control. '
Slide Stainers

Depending on the intended use,:slide stainers are identical in
most respects. . Essentialiy, they are self-contained electrically oper-
ated, fully automatic instruments designed to process (stain) a specific
number of slides. The eléctro—meéhanical operation is relatively

straightforward. The slides (contained in a magazine) are placed on the

‘loading bar of the instrument. They are automatically removed from the

magazine by tabs which are attached at precise intervals to a conveyor

chain. A second conveyor chain moves theé slides over a platen area

where metered amounts of reagent stains and solutions are applied to
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the slides. Each time a slide paeses‘the counter switch, the slide .
Acoonter will subtrect one count froﬁ an initial setting of lOOO.V~In
tﬁis manner, the operator will -always kﬁow the number of slides that can
-be orocessed with the remaining solutions. Also, indicator‘lights.are |
provided for POWER ON and STAIN PAK EMPTY warning.

Figure 10 shows a typical electrical schematic of an automatic

"slide stainer. As shown, the only electronic components incorporated

in the circuitry are the bridge rectifier diodes and the diodes in

series with the stain pak empty indicator lamps. The two 1N4003 diodes

" maintain a constant voltage drop ‘in series with lamps L3 and L4 regard-

less of the current drawn. Figure 11 depicts the schematic of Figure 10
in the block diagram form.

Daily maintenance of slide streiners is vitally important in main-
taining consistently high quality staining results;, Due to_the simplie
city of electrical circuitry; the pfimary electrical aspects to consider
in troubleshooting are: (1) slide sensing switch malfunction, (2) sole-
noid wvalves sticking, (3) relay contacts corroded, (4) laﬁps burned out,

and (5) loose or faulty connections.

Summary
In essenee, refrigeration equipment, centrifuges, ano slide
etainers are relatively simple instruments in regard‘to circuitry design.
The'eommon electrical/electronic elements (components) for these devices

would include transformers, motors, relays, indicator lights, switches

(actuator or limit), solenoids, and related passive components. On the

other hand, cell washers and pumps have more complex electronic circuitry.

Each of these devices include both active and passive components and
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Fig. llf' Block diagram of slide stainer.

integrated circuits as indicated in theAfunétionél block diagrams.
However, for each instrument thus far discussed, the operating
and sérvice.manﬁals supply detailed maintenance procedures and trouble—
shooting charts listing probable causes of electrical/electronic malfunc-
fioning in ofder'of expected probability. ‘Troubleshooting is then accom-

plished in the same sequence.

? ' Analysis of Optical Equipment/Instruments

| .
1 Microscopes/Microscope Illuminators
Microscopes are not electronic instruments per se, but their exten-

sive use by medical technologists in laboratory environments makes it

essential to includé them in this discussion. Microscopes range in
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size and shape from studentlmicroséopes (utilized in education) to fluor;
escent microscoﬁes, research microscopes, polarizing microscopes, and
stereo—ﬁicroscopes.»

Regardless of their specialized use, microscopes share common

 'features and functions. For example, they all have an optical path,

some .type of focusing mechanism, a single or multiple nose piece, and
somé come with their own illuminators. Furthermore, they perform basi-
cally the same function and that is.to magnify microscopic entitiés or
phenomenon. Therefore, microscopes also share similar problems. Exam-
ples and pfobable causes are given in Table 3. Table 3 in itself is ﬁot
complete for all microscppes. ﬁowever,’many manufacturers of microscopes
supply complete troubleshooting charts with their instruction manuals.

Beyond the realm of basic microscopy thére exists extremely sophis-
ticated computerizéd systems for autométic image analysis within micro-
scopic and macroscopic ranges. An examplevof such a system is the
CLASSIMAT manufactured by E; Leitz, Inc. This system Has multiple'uses;
examples.are metallography, ceramics, medicine, zoology, botany, aﬁd
many more. Figure.12 depicts a simplified block diagram of thé.éystems
functional blocks. With this type of system it would not be advisable
for a medical technologist to attémpt electronic troubleshooting. A
recommended procedure would Be.tq isolate the piece of eqﬁipment that
is malfunctioning and contact a technical representativé or field engin-
eer.

All micrescopes require a source of lighf, either natural or arti-
ficial, to illuminate the specimen for image projection. Natural light

is normaily obtained by reflecting sunlight or surrounding ambient light

off of mirrors for'spécimen illumination. .Artificial light, however, can
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TABLE 3

GENERAL TROUBLESHOOTING PROCEDURES FOR MICROSCOPES

“Trouble

Cause

Remedy

Field of view is cut
off, or illuminated
irregularly.

1) Nose piece did

2)

not change
properly.

Condenser is not
correctly mounted
on ring mount.

1) Slightly rotate the
nose piece until it
clicks into position.

2) Re-insert the con-
denser all the way.

Excessive image
contrast.

1)

Condenser is
lowered excess-—

~dvely.

2)

Aperture iris
diaphragm is
stopped down
excessively.

1) Raise the condenser.

2) Open the diaphragm.

Illuminator is too
bright or too dark.

1

2)

3)

Voltage selector
switch is not
matched with the
main voltage.

Main voltage is
too high or too
low.

Rheostat trimmer
screw is not

1) Set the switch to
match the main
voltage.

2) Adjust the main volt-
age with a variable
voltage transformer.

-3) Adjuét it correctly.

}
i T correctly adjusted.

Dust or dirt is 1) Dust or dirt on the

visible in the glass surface at the

field of view. light exit on the
lens.

2) Dust on condenser top
lens.

Clean off the dust or
_-dirt with appropriate
cleaning fluids and/

or cloths. ‘

3) Dust on objective
front lens.

4) Dirty specimens.

5) Dust on eyepieces.
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be produced by wvarious means such as mercury vapor bufners, hangen gas
lamps, ahd tungsten filament lamps. These artifigial illuminators can
be integral parts of the'microsc0pe or attachments with separate power
supplies. Unfortunately} no eléctrical or electronic information was

made available on microscope illuminator circuitry.

Monitors

Figure 13 illustrates a simplified block diagram of a portable’

cathode-ray tube (CRT) monitor. The block diagram is patterned after

. the Model 414 patient monitor manufactured by Tektronix, Inc. Medical

technologisté working in a hogpital-patient environment would possibly
operate this kind of monitoring instrument. The instrument itself is
primarily designed ‘to display électrocardiograph and blood pressure or
peripﬁeral‘pulse waveforms. Also, a digital readout is.available of
heart rate, systolic/diastolic blood pressure,.mean blood pressure, or
temperature.

A routine maintenance schedule is mandatory for the éomplexity
ofbthis instrument, including both preventive maintenance (cleaning,

inspections, calibration) and corrective maintenance (component removal

and reéplacement). A major concern of either type of maintenance per-—

formed is the electrocardiograph leakage. The manufacturer's recommenda-—
tion is to perform a leakage check every six months or after physical
repairs have been completed. Electrocardiograph leakage current generated

by this type of monitor may become too dangerous'for proper usage.

Summary

Basically, microscopes have no electronic componernts per se.

Natural or artificial light is used to illuminate the specimen under
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observation. Specialized systems utilizing the microscope and many
sophisticated instruments, as shown in Figure 12, are found where
extremely accurate specimen analysis isvessential.

Cathode-ray tube monitors contain many circuits, as illustrated
iﬁ Figure 13. For instance, the monitor illustrated in block diagram
form'iﬁcorpbrates input sensors and transducers, pre-amplifiers and
amplifiers, display drivers, detectors, convertefs, trigger generators,
a CRT (Cathode-ray Tube), digital readout, ana a power supply. The cir-
cuits which appear in the functional biocks contain eithef discrete or
integrate circuit components or 5oth, depending on the manufacturer's
Specificationé. The instrument manual illustrates these circuits in
full electronic schematic form for the purpose of complete instrument

troubleshooting.

Analysis of Basic Measuring Equipment/Instruments

Analytical Balance
The analytic balance is an important instrument used in the pre-

paration of solutions or where accuracy of 1 mg or less is required.

Performance characteristics of a quality analytical balance are sensi-

tivity, precision, accuracy, and readability, regardless’of whether the
readout is digital or analog. The Mettler Instrument Corporation manu-
facturés a force compensation analytical balance with an external con-
trol system and digital readout system. Figure 14 shows a simplified
block diagram ofvthe analytical.balance system manufactured by the

Mettler Instrument Corporation.

The measuring principle is based on the following analysis. The

beam scanner determines the deflection of the balance beam and transmits
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a signal to the variable-~gain amplifier. This ampllfler amplifies

. the 51gnal from the beam scanner and, actlng in conjunctlon with the

range selector,‘generates the coil current which acts as countertorque
inethe magnetic compensatioﬁ system. Aiso,‘the variable~gain amplifier
supplies the input voltage for the measurement amplifier. The output

of the measerement amplifier is theﬁ transmitted to the analog-to-

digital converter and finally to the digital readout. The temperature

- Ssensor compensator makes sure the sensitivity of the balance is not

- affected by temperature changes.

Troubleshooting an analytical balance or system should be done

.periodically. That is to say, checks on zero adjustments, sensitivity,

adjustments, and accuracy w1ll ensure optimum balance performance. No
further 1nformat10n was ‘made available on electronic troubleshootlng of-

the external control and readout units.. However, troubleshooting pro-

‘cedures applicable to some or all electronic devices also would apply

- to_digital analyticel balances.

pH Meters

pH is 'a measure of H + ion concentration as determined byvthe

- small electrical voltage present between the inside and outside walls
of the_measﬁring electrode. A stabilizing reference electrode provides

a ‘constant potential to balance the measuring electrode. Whether the

pH meter incorporates an analog or digital readout, the functional cir-

cuitry is basically the same. Figure 15 depicts a simplified block
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Opérational
Amplifier
+ 1 |
|| Operational Low Pass FET
pH Electrode :;_Amplifier ™ Filter > Transfer
. , o = 3 ' Switch
Operational| _j
Amplifier ‘ :
+
: 2‘ ; Operational Operational Analyzer
= | Amplifier [ +{Amplifier [—™gystems
4 , 5
Reference
Electrode T
FET » pH
Power Transfer | ™Readout
Supply > ’ Switch
: 1
' ' | Mode

Select

, Fig. 15. Simplified block diagram of a typical pH meter
amplifier section. -
manufactured by Instrumeﬁfation Labqrétory, Inc. If the pH instrUmént
is strictly used -in measuring pH and not a part of.a‘larger system, the
fifth operational amplifier probably wduld be used for signal amblifi—
cation to the readout.

For routiﬁe care .of pH meters the following points are recommended:

(1) The reference chamber of the pH electrode system should always be
kept nearly full with saturated potassium chloride solution; (2) always
keep the pH electrode submerged in a buffer solutioﬁ betweep periods

of use. When troubleshooting a pH meter,; several guidelines presented

in Table 4 help in isolating and correcting faulty operations.
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TABLE 4

GENERAL PROCEDURES FOR pH METER TROUBLESHOOTING

Problem

Cause

Remedy

Meter needle

1) Bubbles around ' 1)

Insure good contact

or lead.

oscillates reference junc- with sample.
erratically “tion.

2) Grounding not 2) Soak external sur-

:  adequate. face in warm water.

3) Contamination of 3) Check receptacle.
reference elec- ground.
trode.

Unable to control 1) Open circuit. 1) Check controls and
meter needle with circuit board for
~balance control continuity.

2) pH electrode system 2) Check all connec-
not plugged in ’ tions for proper
correctly. contact.’

3) Open connection 3) Check continuity
in electrode plug of lead and elec-

trode.

Meter needle will not 1)
balance at the buffer
points

2)

Unsaturated reference

chamber. 1)
Contamination of 2)
reference half-

cell.

Resaturate chamber.

-Remové 0ld elec~
trolyte and replace
with new. ’

Electronic Thermometers

' There are numerous manufacturers of precision temperature mea-

suring devices (electronic thermometers) with widely applied uses in

scientific and industrial areas, such as biology, medicine, ecology,

physiology, and oceanography to name a few. In most cases, however,

whether the instrument readout is digital or analog, the measuring

-method utilizes the basic Wheatstone Bridge principle. Unfortunately,
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no specific information was made available on any kind of .electronic

thermometer circuitry.

Analysis of Specialized Test Equipment/Instruments

Fibromet érs and Osmometers

' No'informapion was received on these particulér instruments from
manufacturers. | |
Densitometers

The densitometef provides a means for scanning electrophoresis
separations and proVides.a recording of the optical density along with
a recérding of the integral of the optical density. In essence, a
densiﬁometer is designed to measure the density of a deposit of material
as separated by particle_shape, size, and electric charge. "The particles,
suspended in solution, are separated according to their migration char-
acteristics oﬁ a strip of traﬁsparent or translucént paper by the electro-
.phoric method; This strip of paper is then placed in the densitometer and
moved past a light scanner."The amount of iight.detecﬂed coming through
the paper-particle sample determines the densify of that material.

The numerous manufacturers of densitometers, spch as E-~C Apparatus
Corporation, Helena Laboratories, and Beckman Instruments, Inc., design
basically'the‘same_type of‘densitometer with minor differences incorpor-
ated by individual manufacturers., Figufe 16 depicts a typical over-all
block diagram of a‘densitometer. Also? Figuré:17 illustrates a typical
light path in the scanner section of a densitometer.

Due to the precision of alignment needed-in the light scanning
section, no troubleshooting is recommended bj the manufacturers except

for changing of the source lamp. However, for all other electrical/
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electronic malfunctions, general procedures of operator service and

maintenance can be employed as described by the operators manual.

Fluorometers

Fluorometric instruments are usefﬁl devices in the measurement
and use of fluorescence, called fluorometry. The phenomenon being
measured, fiuorescence, is the instantaneous light emission from a mole-
cule or atom which hasAﬁreviously absorbed light. The fundamental.
principles of fluorescence measurements are illustrated by a simplified

diagram of a typiéal fluorometer operation. See Figure 18.

Excitation
Monochromator of Filter

W\_/\——rw T ‘ Sample
-
Emigsion
Filter

Photodetector

Meter

Prad

Recorder

Fig. 18. Simplified diagram of Fluorometer operation.
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Under the general category of flu@rometers exist specific instru-
ments such as filter fluorqmeters, spectrofluorometérs, spectrophoto-
fluorometers, and spectra/glo fluorometers.l Regardless éf the type of
device used to seleqt the 1igﬁt wave lengths, filter or monochromators,
all fluorometers function basically thebsame; Each instrument will con-
tain a light source,»éome type of wavelength selector, a photomultiplie?
cell, signal amplifiers, voltage regulators, and_éome typé of readout.
figure 19 illustrates in block diagram form the electronic circuits
utilized in typical fluorometers.

Due to.the very high voltage hazards, troubleshooting of fluoro-
metérs'must be undertaken withvextremé caution. This applies mainly to
the high‘voltage power supply.of the photomultiplier circuitry and the

source lamp's power supply. A second major caution point is the amount

of light striking the photomultiplier tube. Excessive exposure of ambient

- light can "flood" the sensitive photomultiplier. Flooding of the photo-

multiplier may require- .up to.several hours for restabilization. Further
problem areas and their éaﬁses are offered in Table 5.

Along with thejgeneralized procedures of fable 5; detailed circuit
troubleshooting should be Undeftaken\if the instrument cdntinues_to

malfunction. .

Phptqmefers

As stated in the definition of terms, a photometer is any device
for measuring light in anyvsitUafion. Specific instruments such as
flame photomefers, s?ectrophotometers, UV spectrophotometers, dual-beam

photometers, and absorbance spectrophotometers all fall under the general

.category of photometers. Their basic functions and design are similar
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TABLE 5

»GENERAL’PROCEDURES.FOR TROUBLESHOOTING FLUOROMETERS'

Problem . : - Cause

Large drift of baseline . 1) Leakage
. ‘ ) 2) Light source unstable

Baseline shifts at : ’ T 1) Stray light ehtéring
higher sensitivities : . optical chamber
Excessive noise : 1) Machine ungrounded .
2) Particles in sample
solution
No response to known - . 1) Blockage of light path
solution 2) Light source burned out

3) Photomultiplier defective

with exceptions to specific applications. Excépt for the flame photo-

meter which utilizes a sample burning method (refer to definition of
.terms), the essential components of photometeré consist of (a) a light
source, (b). a monochromator (filter, prism, etc.) which separates the
light: into individual wave lengths, (é) a slit which further isolates
the light, (d) the sample, (e) a photodetector, and (f) a metef, digital,
or'other type of readodt deVice. These instruments are somewhat similar.
pd fluorometers with deviations in their intended use or the type of
analysis being performed.

Figures 20, 21, énd 22 illustrate the various circuits in block
diagram form associatedlwith simplified and specific photometer instru-

ments. The circuits range from simple to complex depending on the sample

.analysis intended and the type of output required, varying from simple

meter display to digital readouts with printer and recorder auxiliaries.







v - . -+ Unreg O

‘ Lamp
R1 Controller
pAN e . :
Darlington
Lamp Drive:
, Zero Shu
Monochromator

69

R2

Zero

-

Recorder
Qutput

Electrometer
Amplifier







Li
Set

Ratio =

Bal. 7
1 @—Nw

~ Na _

Zero 7
Na

1L







Lamp Control
Power
Transistor

- Lamp

Auto Zero

A

Regulatdr

Monochromator
Assembly

Blocking

Filter
Control

T

'

Auto/Man. Switch

Kinetic Mode Switch

Log/Lin

Subtractor

A-D Converter

and
Memory

7 Segment 3%
'Digit-Display

Sample

Temperatutre
Control

-

Detector
Assembly

Temperature
Control Power
Transistor

\

t

h. % 3 '

Timer and
System

Clock

o Time LED

€L

Time Switch

Mode Switch

Factor Control

Power Supply
Regulated/
Unregulated

» Mode Switch

o Mode Switch

Apliifier

Demodulator g

r_Zero Control
and Attenuator

Mode Switch

Panel Controls




74

"Many of the photometer manufacturers incorporatevin their opera-
tion service ﬁanﬁéls such troubleshooting.aids as detailed flow charts
and sighal path layouts including voltage and oscilloscope waveform
illustrations. A typical tréubleshooting flow chart is depicted in
figure 23. This type of troubleshooting technique allows the instrument
‘operator to perform electronic malfunctidning analysis wifhout exten—
sive electronic training. |

A méjor hazard with the photomulfipliér tube, as‘was the case
with fluorometer iﬁstruments,'is that it is operated to e#tremely high

vqltages (in ‘excess of 600_VDC). Therefore, every precaution should bev

taken to avoid contact with these voltages. In addition, the photometer

instruments which use an Xenon lamp for a light source gemerate fadid
frequeﬁcy pulses that‘can damage nearby energized high-impedance inétru*
ments when the lamp arc is struck.

Performance monitoring of photometer.inStruments can be carried
out by checking on their function as a whole aﬁd by evaluating each.of
the cbmpdnent parts menfioned in the beginning of this discussion. Over-
ali performance is checked by processiﬁg standard solutions or control.

samples of known value along with the unknown samples under analysis.

Analyzers

Most analyzers utilized in clinical 1aboratori¢s or research
faéilities serve a specifically designed function. Therefofe, the instru-
ments which fall under the generalized category of analyzers wili be
examined and discussed separately.

Glucose analyzers provide a rapid measufemenf of glucose in blood

plasma or serum. The amount of glucose is measured by following the

t
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conéumption of oxygen during its-reactioﬁ with glucose in the presence
- of an énzyme catalyst. The interaction between oxygen and glucose is
‘detected-by an electrochemicgi sensor. The dinitial rate.and peak rate
ofioxygen consumption are directly proéortional-to the amount of glu-
cose concenfration ih the sampie wi£h the peak rate occurring approxi-
mately ten seconds afper samplé injecfion.
Some manﬁfactureré of glucose analyzers may vary minor desigh
feétures but the éircuit functioning and method of analysis will remain
. the same._vFigure'Zé illustrates a simplified block diagram of a typical
gluéose analyzer. |

The sequence~timer and its associated circuityy gives assistance
to the operator by visually indicating with lighted indicators the
necesséry Steps tolbe taken, and monitors the sample handling functions,
,and~providés a time delay in the operational sequence to allow time for
proper oxygen Sensor recovery. Additonally, these circuits also are
utilized as tésttsignal sources to ascertain if operational.problems
originaté in the system electronics, in the chemistry of measurement,
or in thé sensor.

Chloride/carbon dioxide (Cl/COz) analyzers are instruments used
for simultanééus determination of carbon dioxide and chloride in serum, 
plasma, or sweat samples. In essencé, a Cl/COZ.analyzér measures .the
‘quantity of cﬁloride and carbon dioxide baséd on the principles of coulo-
hetric titratibn aﬁd rate pH‘seﬁsing, reépectively. Figure 25 illgstrateg
a simplified block diagram of a Cl/COZ analyzér; The instrument incorpor-
:ateS'two separate channels to detect, analyze, display, and hold the 

readout until a new sample is introduced. In addition, like with the

glucose analyzer, the Cl/C02 analyzer instrument incorporates capabilities
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to verify analyzer performénce and isolate problems to main instru-
‘ment functions of chemistfy, electfodes, or electronics.
Figure 26 illustrates an opefational flow chart for the Beckman
Cl/COz énalyzer which,gan be reviewed while the instrument is being

operated. This allows the operator to check the proper functioning of

‘both the sample run and the electronic circuitry to recognize'and evalu~

ate performance problems when they arise.
Blood gas analyzers are designed to provide a rapid and accurate
method for determining the quantity of oxygen, carbon dioxide, and pH

of whole blood ahd other body fluid samples. Figure 27 shows a simpli-

fied‘blockAdiagram'of a blood gas analyzer manufactured by Instrumenta-

tion Laboratory, with signal flow designétions for all three channels;
PCOy, PO2, and pH. |

| the that this particular instrumeht has a calculator included
in the blood gas analyzer circuitry} The function of the calculator is
to obtain values for base excess, serum bicarbonate conéentration,
and the total carbon dioxide from the measured values of pH, carbon

dioxide, and oxygen. Not all blood gas analyzers will incorporate a

calculator to perform the previously stated functions. The specialty

of usage will dictate the degree of>circuit specialization;

Due t§ the fact that tﬁe above analyzers incorporate some type
of electronic circuitry to aid in performance troubleshooting, it is
emphasized that the need for £roubleshooting is reduced to a minimum by

properly performed maintenance procedures. However, if circuit trouble-

" shooting is necessary, it should begin with a definition of the symptom

of trouble according to what the operator was doing at the time the

trouble was encountered. A number of operational malfunction symptoms
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are presented below that would be the most obvious and common problem
afeasg .(l) sensors give improper response in check mode, (2) zero read-
ing is Qﬁstable when instrument is ready to receive a sample, (3) erratic
or'irreprodﬁcible results are obtained on replicate sampling, and
(4) indicator lamps will not illuminate in proper sequence.

Additionally, analyzers share common operational cautions and

hazards that include: (1) to avoid possible electrical hazard, analyzer

systems must be grounded at all times, (2) use only factory approved
parts, compbnents, and procedures to service analyzers, (3) do not remove

electronics compartment covers without disconnecting the power cord from

.the wall receptacle, and (4) observe all laboratdry policies or proce-

dures which pertain to the handling of analyzer systems.

-Gas Chromatographs

Gas chromatography (GC). is a most valuable technique for organic
analysis. It has been applied to the separation, identification, and
analysis of practically all gas and volatile fluid mixtures from air to

drugs, gasoline, water, moon dust, and even anti-freeze. Essentially,

'then, chromatography is a method of separating the compounds of a mix-

ture, .and the gas chromatograph is an instrument that performs this
function.

The detection device on. gas chromatographé can vary, depending

on the intended use. The two most common detectors are the thermal

conductivity detector (TCD) and the flame ionization detector (FID).
Figure 28 shows a simplified block diagram of a single-channel gas

chromatograph incorporating a flame ionization detector. With the aid

of an additional recorder, gas chromatographs can supply a continuous
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record (strip chart recording) of the separated sample compounds. This
allows identification and measurement-of'relative sample concentrations.
Ttoubleshooting gas chromatographs is accomplished by applying
the ttoubleshootiog charts (supplied by the menufacturer) as anvaid to
interpretation and,correction of difficulties encouﬁtered_in*gae chroma-

- tography by illustration of associated responses on the recorder print-

out. The procedures for remedy of most of the problems indicated in

such charts may be performed by the instroment‘operator.
Counters
The particle counting instrumeots now in common clinical labora-
tory use depend oo one of two primary counting techniques. One con- -
sists of'counting by‘means of light signal flashes"(scintillation) and
the‘other consists of counting by means of particles interrupting a
flow of current between two electrodes and counting.the signal thus pro-
duced.
Figure 29 illustrates a block diagram of a Coulterlcounter.which‘
-uses the curreot~flow interrupt technique fot particle'counting; The
other type of counting technique (scintillation) is represented in
Figure 30 showing a block diagram.of a gamma scintillation'counter. Since
scintillation counters count by the detection of'light impulses, tﬁe
detector assembly is similar to those used on photometers, spectfometers,
“and colorimeters. Apart from the inclusion .of a scintillation crystal,
the detector assembly will contain a photomultiplier tube,»preamplifier,
and éppropriate shielding. The purpose of the pulse—height analyzer is
.to allow thé selection of the energy range of radiation to be counted.

The color-coded scalers (pulse counters) indicate the energy range.
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As with other extremely sophisticated'ﬁedical eleétronic instru~
ments, daily preventive maintenance ié a must for‘particle counters.
Maintaining the equipment as outlined in the respective instrument
dperation manuals is eséential.to the prbductiqn of reliable resﬁlts;

A major precaution with the scintillétion type of céunter is the high.
Voltage requiréd.for the photomultiplier tube. When electronic trouble—
shooting of the detector assemﬁly is necessary tﬁe appropriate safety
measures must be maintained. Further troubleshooting details for coun-

ters are presented in Table 6.

TABLE 6 _
GENERAL FATLURE.TO FUNCTION TROUBLESHOOTING CHART

Trouble ' : Indication Possible Source
No operation No light, no readout - Fuses
Co etc. _ , Power supply circuit
High/low voltage
Switch

Voltage selection switch

No count Unit stays on same Power: supply circuit
' value Preamp circuit
- ‘Readout’ circuit _
Connections of internal
wire harness

No display Display not lighted Readout circuit
: o ’ Power supply circuit
Internal connections

Numeric readout Numeric readout skips Readout circuit
counting incor- digits, counts back-
~ rectly wards, or counts the

same for all channels




96

Summary
The instruments discussed in.the previous paragraphs (rélating
to.specialized'test equipment/instrumentsj represent a diverse accumu-
latign of medical electronic devices. Each instrumént'will incorporate
some or all of the block diagram circuit functions illuétrated in .
Figuré 31. Some instruments can be subcategorized such as photometers,

analyzers, or counters. Other instruments are specific devices designed

- to perform a particular function, such as pH meters or gas chromatographs.

Régardlesé of the.circuit'complexity, after éonsulting the circuit dia-
grams and the circuit explanations offered in instrument éperatioﬁal_and/
or service manuals;vthe instrument dperator should have a means of for-
mulating the generél functioning and circuit sections of a specific
instrument; Conseduently, development of block diagrams and mental
images ofvthe,circﬁitry will facilitate in troﬁbleshooting procedures

when malfunctions occur.

Analysis of Auxiliary Equipment/Instruments

Power Supplies

In many instances external power supplies are required for instru-

ment operation, voltage calibration or phenomena excitation (such as in

‘electrophoresis). Most power supplies in clinical laboratory use are

solid-state devi;es incorporating either integr;ted circuits or discrete

deﬁices or both. Figure 32 illustrates a typicalvregulated power supply

in‘block diagram form. |
Troubleshooting of.power