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echnlcal Report No. AFRPL~TR-65-1, dated

Tite word "miaximum® should read
Ilmﬂlng Il'
Second paragraph, change the word "premeabmty" to "Qerm'.ab ity

Second paragraph; the refﬂrence "sigmal © 12, should be refereuce .

. "signat 13,

Paragraph 2. 1 6.5 "k Boltzmans Contant" shouxd read "k =
Boltzmans Constant".

Figure 2-13; the values "Cgand C " should be “e and e 35

Paragraph 2.2. 1 2.1, the word "r ealy" chould read "reL_a_y_"

Third paragmph change "A significant movement" to ""A sxgnmcan

improvement'’.
First paragraph; the word "appose" should be "oppose"".

Last paragraph; delete reference to the Eibliography and

substifute the following: "refer to the article of May 1963,

Electro Technology,titled '"Specification and Testing of

\Slyelllcifd Transty rmers" by Bernard 1. Sommer and Gerald
. ce", .

' E, B .
Equation CMR-:E M should be cx\msg‘lﬂl
. "~ “nm s . Tnmo
and “ s i . T
. - A R G
MR ‘Ra R ) should be CMR.ﬂ('—z‘l‘:ml.

First paragraph, second line, change "require that Z; by less than

2.7 picofarads' to "require !hal Zy be less than 2.7 picofarads", -
The value "e-: Coulomb change" should read "e = Coulomb charge" .

2-100, 2-101, 2-104, 3-13: Figures 2-93, 2—-74 2-75, 2-78 and
-6 add the term "Recommended" te these ﬁgures. ;

Fig’ure 5-1 change FILTER 500 cy to FXLTER 500 CPS

~and A/C CONVERTER to A/D CONVERTER. 2
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- FOREWORD . -

At the present time inétr’ui_nentation systems.are undergoing = rapld ¢hange brought
about by advances In the'state—of-the-art'in electronics, electronic systems, and

by the stringent data requirements of space 'pmgramst One particular aiea of
significant importance in obtaining reliable and _ac'curine data at high acquisition

rates which has not been able to keep stride with these advances, is the proper
grounding of instmmentation circuits both 'ana'log and digital Since there are

many methods of instrumentation grounding in practice, a-unifiad approach to this
problem is urgentiy needed.  The number of different approaches used in- grounding
indicates very clearly that present day grounding design is still somewhat of an-

art and continues to reflect the initiative, imagination, and experiencé of the par- ‘
ticular indwnduai who designed or impiemented the system or. facility 7

Mate*ml presented in this handbook is general in nature with’ su[ficient information
given that an in_strumenmtion engineer or a facility power engineer may apply to
his more detailed requirements the fundamentals necessary which will produce a
low noise and high accuracy data acquisition system, The information is primarily
direcied toward modern digital data acquisition systems which are becoming the .
byword for high speed and.accuracy in data ‘.cquisition. Analog data acqx_isitxen
isa very necessary means of obtaining "quick -look™ data réquired to monitor the |
progress of test firing, launch, ete. Analog systems are condidered and details !
are given for the proper groundmg o[ these dnv1ces relatxve to the elim ination of L
common-moic voltages. : : e

Because of the many inter-relationships of’instr_umentatiun subsystems the reader

. will find areas otrdupii'catiqn. However, thi_s'redundancy is necessary in order _
that continuity be preserved and that as-many aspects as poésible of the subject be -
presented so that the respective viewpoliits ot each interested reader wouid be |
considered. : : : ‘

This handbook has been written to bring together a common re[erence for the g .
"solution of grounding problems in instrumentation systems and in power sy stems 7
~where the power system is installed nearby and tor the purpose of suppiying pri—
mary power to the data facility. :

. This handbook is the result of :m Air Forcc sponsored study of grounding tech~
- niques for the minimization of instrumentation noise problems and represents B
the first kndwn cOmprehensi\e e[fort of its kind in the fleld of data Instrumentation
and 2cquisition. Further work and study into the nature of grounding is suggested.
in order that a more complete understanding of eax:th cury ents and stray potentiais;
_beobtained._ ; 3 R L 5
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" It is hoped that th 8 handbook will pxovide the basis and, more’ import ant, the in-
centive for further study into thls often neglected and very important ar ea of data

) instrumenkation and acqulsmon.
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1. INTRODUCTION

The information covered in this handbook is based on laboratory experiments con-.
ducted and directed by a number of well qualified data acquisition and data reduc-"
tion systems engineers. This section contains the Safety and Code Reqqh_‘ementg--
and a glossary cf the major terms used throughout this handbook, - Section Z is

" divided into two categeries: (1) causes of noise, and (2) noise reduction and pre-

vention, In the first part, ati major noise causes are described and defined. The

‘second part then presents methods of noise prevention or reduction based on_

theoretical as well as imperical knowledge of grounding and noise raduction and
prevention, Questig{\,s which will be answered are: What s the best grounding
technique to use with analog and digitai dota acquisition’ systems? What type of
shielding is required in electromagnetic fields and electroatatic fields? What

- effect does twisting of data instrumentation lires have against noise? Should

isolation by provided beiween instrumentition grounds and power grounds via
lsolation transformers? What is common mode voitage and what are its offects
on data instrumentation? What is the importance of a good earth connection for
grounds? Section 3 describes the recommended systém design practices which
have been studied and concluded to be of most value in the selection of a data
instrumentation facility, power usage and location within the facility area, and
the overail grounding phiiosophy for both instrumentation and power circuits,
{ncluding the rélative values of ficadescent ilghtlng vs florescent lighting, The
basic National Electrical Codes are mentioned and deviations for the purpose of
reducing noise are given in detail, Section 4 gives the grounding principles-.
which are hest suited for aii major subsystenis of & somewhat sophisticated data
acquisition system, Also tnclnded are the ;‘.ecullai characteristice of each sub-
system as to its susceptibility to noise. This section also discusses the import-

. ance of analog and digital circuit isoiation and separation of grounds, proper

grounding of cabinets and structures, and how a common mode voltage can be. Y

_ reduced to a minimum. Sectfon 5 is a compiiation of good practices necessary
. in the moditication, operation, and maintenance of a low noise and highly accurate .
) data instrumentation and acquisition system, P i

1.1 SAFETY AND CODE REQUIREMENTS

The design and construction of any test fa llity and its associated equlpmerit sho,uldf
provide, under al} conditions of operaiion, maximum practical safety.to personnel,
property, and equipment. The purpose of the various eiectrical codes is to spec-
ify the minimum requirements which electrical systems must meet to result In a
safe installation, " The introduction to the Natlonal Elecuical Code states its
purpose as follows

" "The purpose. of this Code is the practical safeguarding of pursons and of ;
buildings and thelxﬁloc\ntenta from.hazgrdg_ﬁgg;yg{mm the use of electricity :
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- for-light, heat, power, radib. signalling, and for other purpoges,”

"This Code is not intended as n design specification nor an instruction
manual for untrained persons. " '

In essence, the National and Local Electrical codes specify minimum requir ements
for a safe electrical installation while pe}mitting and encouraging the design and
instailing agencies to exceed code requirements, where desired, to produce a
more efficient, convenlent,‘_and/or eicpandable electrical instaliation, :

The applicabliity of eiectrical codes varies with the loecality., Some states have no
codes of their own and reguire that electriedl installations conform to the National |
-Electrical Code which is a standard of the National Board of Fire Underwriters.
Other states publish an electrical gode, either separately or as part of a general

- building code, whizh broadly embraces the Nationai’ Electﬂcal Code hLut specifies
certain exncptions. Some states publish a comple‘e; separate, independent elec- '
trical code which may difev from and be more stringent than the Nationa] Electri-
cal Code on any particular item. Somé counties and municipalities also publish
electrical codes which govern installations within their boundaries,

The enforeement and interpre{atton of electrical code requirements are sonerally
the responsibility of a loeal organization, such as a Department of Industrial Safety,

formed by the city, county, or state goverument issuing the applicable code,

In .

~ the case of a facility which will be lceated on U, 8, Government property, remote
. from major population centers, the state or local officiais usualiy relinquish in=
* spection and enforcement of codé requirements and this task falls to the federal
agency responsible for the 'in.stallation (such as the U.S. Army Corps of Engincers

or the Base Facilities Engineering Group),

generally requires compliance with the National Electrical Code,

In such instanees, the federal agency

.

Because of the "patchWork" nature of electrical code applicability and since most
of the instrumentation and data acquisition systems affected by this handbook wili
- be installed on U, S, Government property, subsequent references to the "Code”

will mean the National .Eiectrical Code.

Those facilities which must conform to -

state or local electrical codes will require additional {nvestigation in the early de- -
sign stages to assure compliance with all requirements of the local cede.

1.

2 GLOSSARY

ACCURACY: The numerical difference between any value and the true value,
. . Applied by transferance to the Instrument or system produung the value. Dis~
tinguished trorn precision: ;

L Instrumental - the accuracy of a measm ement after the errors caused by

eleme.as external to the instrument are 1emo~.'e~d. A measure 0.‘ the accu~

¥ racy of the lnstrument proper.
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COMMON MODE INPUT: Commom mode !nput ls defined as that signal applled

CONDUCTED lNTEP FERENCE’ Caused by t.1e coupling eff@ct of mpacltance, »’ i
‘ resistance, and induct«nce to the source of interference. -

2. Transducer - the ratio of the error to the full-scole output (expressed
as "whthin  peccent of full-scale output') or the ratio of the errorto
the output, expressed in percent. L2

ALTERNATING CURRENT (AC): Electric current that reverses lts flow in each -
direction at regular alteraate intervals. The frequency of the change in flow is
expresseéd in cycles per second,.

AMPLIFIER BUFFER; An ampu_ner used to fsolate the out, 1t of any device; e.g.,
oscillator, from the effects produced by changes in load from subsequent circuits,

‘ANALOG~TO-DIGITAL CONV:.R ER (ADC): an instrument used to convert ana-
log voltagee, either low level ( 10 MV full scale) or hlgh level { 10 V full scalé)
voltages to dlrdtal binary coded values whlch are proportional to the analog input
voltages. i - i

BALANCED LINE: A transmission line consisting of two conductars in the pres—i

" ence of ground, capable of being operated in such a way that the voltages of the

two conductors are equal in magnitude and opposite in polarity with respect to-
ground the currents in the two conductors are equal in magnltude and opposite
in direction. : = :

in phase equally to both mputs of a differential amplifler. .

COMMON MODE GAIN: Common-mode gain ls defined as the ratto of the common-=
rmode output voltage divided by the common-mode input voltage. o o

COMMON MODE REJECTION: The ability of an ampliffer to refecta signal = . |
common to both its input terminals, Commc»n~ni'ode rejection (CMR) is the ratlo ;
of the applied common~ mode input voltage to the equivalent normal- mode output

'simlnproduces. LR - G w N S

' COMMON MODE VOLTAGE: That amoust of voltage common to both input lines.

Usually, a miaximum voltage is speciﬂed which may be applied without breaking
down insulatlon between the mput \,lrcuit and ground. ;

.y
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ELECTROMACNETIC INDUCTION - or INDUCTIVE PICKUP: Refers to inter-
ference coupled to the measuri.ng ch‘cuit through magnetic flelds.,

ELECTROSTATIC INDUCT!ON Sometimes referred to as capacluve induction,
is due to the unavoidable capacitance between the instrument or its wiring and the
surroundings. =

FACILITY POWER SYSTEM: That portlon of the eléctrical power dlstrlbut‘un and

utilization system on the secondary side of the main electrical service transform-
er(s) for the test facility. ' :

GROUND: A conducting connection, whether Intentional or accidentzl betwaen an
electric circult (orequipment) and eax:th or to some other conducting body which .
serves in place of the earth. :

GROUND, ANALOG: Assoclated with the fnput circuits of an instrumentation
system. Analog ground circuits are lsolated from one another and are connected
together at only one point, {e.g. ground bus, plate, etc.) and then, if required,
this point can be connected to earth."

GROUND, CIRCUIT: That portionof an electrical or electronlc circuit which is
kept at essentially zero volts with respect to the powe:_supply voltages, This
ground circuit is not necessarily connected to earth, An electronic circuft will
perform whet.her or not its ground clrcuit is connected to earth.

GROUNDED “IEUTRAL' ‘The neutral wire is metallically connected to ground.

GROUND LOOP A path thr ough which current may flow from any startlng polnt
through a system and back to tbe original starting polnl.

CROUND POWER' The powev ground as deimed by the Natlonal Electr!cal Code is
any electricat connection between power system conductors (usually the neutral -
conductors) conductor enclosure or equipment enclosure and earth with 25 ohins or

" less resistance to earth. This ground is for the protection and safety of personnel.

ISOLATED DIFFERENTIAL AMPLIFIER: A differential amplifler whose input élg-

‘nal Iines are conductively isolated from the output signal lines and chassis ground. -

An isolated differential ampufer is a differentlal amphﬂer, but not all differential

g amplmers are isolated.

JUNCTION OR THERMAL POTENTIALS: Can contribute to error and are of spg-l
cial concern in handling low level DC signals, Jtems such as the cable flexing -

l~,4'. '
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" noise that arises Xn the use of pH meters and ion chambers might also be
piaced in this category.

"N, E.C. : Nétimﬁl Electric Code, which stipulates tlie use of wire and cable in
buildings and factories, Most city electrlcal codes are derlved from it. It has
‘been compiled by the fire underwriters and wire and cable manuﬁacturers. )

NOISE: Any disturbance or spurious signal whick modtﬁes the transmxssxon,
" fndicating or recording of the desired data.

1. Amplitude of, When impulslve type noise is of random occurence and
so closely spaced that the individual wave shapes are not separated by
the receiving equipment,' then the noise has the wave shape and charac-
teristics of random noise. Random noise amplitude is proportional to
the square root of the bandwidth,

If the impuises are separated, the noise-no longer has the wave shape "~ .

of random noise and its amplitude is directly proportionzl to the band~
wldth of the transmissjon system, '

2. Eiectrical. Unwanted electrical energy other than cross talk present
In a transmission system,

-3. Gaussian, A noise whose power is distributed according to normal or
Gaussian distribvtion, _

4. Impulse, Noise generated in discrete energy bursts, not of random
nature, and which has a characteristic wave shape of its own.

5. In Measurements. Generaily, Random Errors and other errors that
have-a reiatively high frequency (short period) corfpared to that of other
errors such as most Systematic Errors and as compaied to the highest

) frequency component of the phenomenon observed,
" 6. Random, Noise in which the frequency and phase of the components” .
vary entirely at random. It is characterized by a peak to average- -noise
_ " level ratio in the order of 3:4 to 4:5, This 18 a broadband type noise.
. Thermai and shot noise are typical,”
A White. A nolse whose power is distributed untformly over all lrequencies

and has a mean noise power unit bandwidth, Since idealistic white noise = ~

is an meossibxuty, bandwldth restrictions have to be appned.

PRECISION

1 A measure of a reproductabmty thh vmich one lnstx ument (or severax
instruments of the same type) can reproduce repeatedly measurements

of the same quantity. If the precision is hlgh, such results will he with- :

in a narrow range. o
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RADIATED INTERFERENCE: Caused by radiation ¢¢ magnetic field froma trans-

4.
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Adapted for extremely accurate scientific meagsurements. It is not, how-
ever, a guarantee of accuracy {negligible 'error),\ because precision re~
fers to the measuring instrument and does not cover external sources of
error inherent in theé measuring’ method.

Comgutation. Thé degree of ex:ctnese with which a quantity is stated, as
constrasted with ACCURACY, which is the degree of exactness with which
a quantity is known or observed.

Of Measured Data or of a Measuring i_nstrumenk. ln general, the uniform-

ity of data frem repeated measurement: of the same constawt phenomenon. .

. In the case of a constantiy changing phenomenon, the word precision has a

similar meaning. The best measure of precision in the lutter case is the

- STANDARD ERROR OF ESTIMATE (5). The smaller § is, the higher the

‘precision.  Precision usually is a function of ine time interval between

measurements and so should be qualified, See ACCURACY,

mitter and induced or “picked-up" Ly a receiver located at a con.hderabie distance
from the tra'lsmltter. .

SHIELD: A metallic sheath placed around an insulated conductor or group of con-

ductors to protect against exiraneous currents and fields, Gz=nerally this shicld

is a metallic brald; but it could be spiraled copper, aluminum-~backed Mylar tape,
. or conductive vinyl or rubber.

TRANSDUCER‘ A device which converts the energy ol one transmission system
into the encrgy of another transmission system. A loudspeaier and a phonograph:
_'pick-up are twor examples of transducers, the former changes electricai energy -

into acoustical energy, and the latter changes mechanical into electricai energy.
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2. SYSTEM DESIGN

2.1 CAUSES OF NOISE.

2.1.1 POWER EQUIPMENT AND TRANSMISSION SYSTEMS

Eiectrical power generation', utilization, control, transmissicn, and distribution
equipment and conductors are all potential sources of instrumentation system

noise. The interferencs generated by power svstem sources can be divided into =

twe eategorles:

_a. Noise at power frequency and harmonics of the power {requency. -
b, Broad spectrum radlo-frequency noise.

Noise of ihe former ciassificaticn is caused primarily by utility and facility power
transmission and distribution lines, The iatter type of uoige is most ¢ften asgso-
ciated with generation, utilization and controf equlpmeﬁt, and with power utility .
high voltage transmission and distribution lines,

2.1.1.1 Noise at Power Frequency

Noise at the power {frequency and harmonics of the ﬁower frequency appeass in
data tranamission lines by virtue of the resistive, inductlve', and capacilive .-
pling between the data transmisston fines and power transmissicn and distribution
lines, Paraliel conductors exhibit kvl mutual inductance and capacitance between
one another, Since power conductors carry relatively large currents and operate
at higher voitages than data transmission lines, power frequency voltages may
appear on the data transmission iros through this coupiing and cause considerabie.
noise problems, In addition, if care is not taken to properly ground the data ac-

. LV quisition system (See Sections 2 and 3) ground currents associated with the power
" system may be coupled to the data transmission system resistively, capacitively
: 7 and inductively, Power frequency noise can be minimized by eliminating or n'xlni-'

mizing the amount of coupling between power conductors and data transmission
conductors. The effects of coupling between circuits and of ground curr ents 2re
covered in greater detail in other sections of this handbook,

. 2.1.1.2 Radio- -Frequency Noise -

Broad-band radio-frequency noise is caused by ::ome rotatlng equlpment power

A and controi switching devices, eiectric discharge lamps, and high voitage power
_transmission fines and equipment. This is due to the arcing Gidd corona eifects

produced by this type of equipment

Rotating Equipment which contains brushés and commutators or sHp rings is sub-
ject to arcing to varying degrees, depending upon the basic design of the equip- -

ment, A motor or generator utilizing a commutator (such as a "unijversal” mofor: .

2.1
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often used in portable power tools or a DC mote r panerater) will generate an
arc each time a comniutator bar siides froin unds * 2 brush, (nreful designof
the equipment will minimize ar-ing and it Is generally desirable to do so net oaly
from the standpoint of radiated Inter . cuce, but from a maintenance standpoint
as well., Excessive arcing wili resu’. in a burned commutator and shortened brush
life, Another source of arcing in commutator and slip ring macliues is brush
bounce which is Jue to poor design and maintenarce, Arcing can sometimes occur
"in rotating equlpment which does not conmln'commutators or slip rings due to the
dlséhnrge of n build-rp of static charge between the rotor and stator. Such arcing
18 generally loss serivng than that produced by commutators or wlip rings because
it occurs lesn irequeriuy, is of iower energy, amnd can be eliminated by the use of
conductive bearing lubricaats or grounding brushes, Nolse from rotating machin-
ery can be minimized by using induction motors (which comtaln neither commuta-
tors wor sllp rings) wherever possibie and by excluding rotating equipment from
areas ¢ ‘*ainlng low-level instrumeniation circuits.

Dower- .. ‘ol switching equipment such as switchgeny and motor control cen-
ters is a soyrce of electric arcs and switching transients in normal operation.
The majority of power circuits being switched in 2 typlcal tustrumentation test
facility are Inductive. When an inductive circult is opened, a large part of the
energy stored in the inductive field is dissipated as an arc at the openies contacts,
The noise produced can best be minimized by piacing the switched power circuits
ag far as possible from the susceptible instrumentatlon clr'culta.. Where isoiation
is not possible, arc suppression deviees can be applied although degradation in're-
lay operation sometimes results. Arc suppression devicos introduce a delay in
the release tlme of relays, a characteristic which might be detrimental in some’
appiications., ! ' : '

Another source of radiated and conducted radio frequency nolse is electric dis- -
charge of llghting fixtures such as fiuorescent and mercury vapor fixtures. The
generation of noise Is due to the action of an arc which exists at the cathode of the
lamp, One solutlon is to use lncandescent fixtures in areas which contain equip-
_ment or data trensmigsion lines susceptibie to radio frequoncy Interference. How-

; ever, the present tendency toward increased illumination lavels and the relatn ely

greater effectcncy of electric discharge fixtures make this solution unacceptabie
In many cases, The noise.from the arc is trausferred to susceptible circuits by =

direct radiation from the arc and by radiation and conduction from the circuit feed-

ing the fixture, Attenuation of these two trarismission paths ls treated separately.

- @, Radiation from the arc can be attenuated either by pinclng the noise source
ag far as possible from the instrumentation circuits (spatlal lsolafion) or by
- shielding, Generaily, if'a fixture 18: more than ten fevt away from suscepti-
' . ble circults, the effect on the circuit will be negliglble, * ? This solution will
. almost always be applicable tqlnercury vapor {ixtures which, becausé they
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are an intense, high-output source, are usually mounted high above the area
to be lighted. Where fluorescent {ixtures must be mounted in areas sensi- '
tive to radlo frequency noise,- It is possible to obtain fixtures with a diffuser
or bus panel which Incorporates a transparent conductive coating and care-
ful bonding between the diffuser and flxture seflector, Such a fixture, when
equlpped with a line filter, will meet military specifications: MIL 1-169104,
MIL-1- 61810 and MIL-1-26600. -

b, Radintlon and conductlon of noise through electrical wlring to oiech‘h‘ dis-
charge fixtures ig, in some ways, more serlous than radlation divectiy
from the arc because tlie noise may be conducted a considerabie distance
from the source. The best way to block thie path is by Installing a filier in
the line at the fixture. Such filters are commerciaily available,

High voltage transmission lines 2nd hardware are sources of radio frequency
nolse in the form of coronx, The formation of corona on transmission lines is -
Infiuenced by many variables, some of which are:

a, Voltage

b. Conductor diameter

c. Type of conductor

d. Surface conditlon of conductor

e. Line configuration

"y

+ Deslgn and Installation of hardware ; _. - . S
g Weather o '
h. Baromeu-lc preséur_e e
1 'I‘emperature : -

The ﬂrst six ltems depend primariiy upon design and installation of the transxris-
sion ilne and, for a new lire, can be controlled to. produce minimum corona, sub-
joct to economic trade.offs and restrictions.

Corona-and associated radlo noite ona given transmisslon ilne may i’nx‘y by a

‘factor of 10 to 1 in a relatively short period under stable falr weather conditions,

The variatlen between fair weather and rain or fog can be more than another
order of magnitue. 3 _To date, no simple relationship has been found which would
enzble the designer of » transmission line to predict accurately the worst case '

" radio noise at a point aiong the line, Transmission line design for a toierable

radio rolse level is based on coroparlsons and experience wlth existing similar
lines for which the noise level and the significant parameters are known,~ Values

of radio frequency interference as low as 130 UV per meter and as high as 2200 UV

per meter have been measured beveath 130 KV llnes of dlﬂerent design under fair .

“weather conditions.
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Radlo frequency noise-due to hlgh voltage transmlssiun line sorona can be minl~ v
mized by spatial isolatlon and by careful line design and Installation practices.
Isolatlon Is the only approach available for an existing llne, As a rough-
approximation, radio frequency nolse fro.n this source is attenuat xd at the rate
of 0.1 t0 0.3 db per foot out to 150 feet from the outer conductor. The approxl-
mate attenuatlon then drops off rapidly beyond this po'lnt. Typical values for a ' e
230 KV line presently Installed on the Bonneville Power Administration system In.  °° 2
Washlngton State range from approximately 200 UV per meter linmediately under _ 2
the line to 10 UV per meter at a point 400 feet horizontally from the outer conduc-
tor.6 The reasur ements were made at 800 KC with a quasi-peak meter under
fair weather conditlons. The second approach, that is, deslgning the transmisslon
line for low corona should be followed for new lines passing wlihin one or two
miles of an area containing instrumentation circuits sensitive to radio { requcncy

T
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2.1.2 ELECTROMAGNETIC RADIATION
Principles of Electromagnetic Radiatlon ~ According .to Faraday's Principle: *
"When a magn‘et'i'c field cuts a conductor, or when & conductor cuts . ] ’
a magnetic field, an electric current will flow through the conductor o i
if a closed path is provided by which the current can circulate. " : S
' P
This current wiil flow only while the magnetic field is changing or while the con- B I
ductor itself is belng moved through the magnetic fleld. (See Figure 2-1) }
: : ) At 3
- .“‘ 5 *.‘ o I‘ / : i 3
e : - INDUCED
T ( \ P R U* “‘cur:m-:m "y
: Lo =} ! / L
DIRECTION OF . - - -
UMOTION _+ / E d R i
woRT poLE MAGKETC F1eLo
: MAGNET
i
|
FIGURE 2- l

: Electrom'\gnetic le.Ation

Thus, the value ot induce vollagé (e m.f.) varies directly with the change ln flux
or flux cut and’ inversely with the time of. cutting

S -N%% 1078
and for average values, .
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fundamental to the understandmg of mdgnetlcally induced valtages in any clrcult. :

E<N %108 o
The induced emf will be in volts with ¢ ln Maxweﬂs. N i3 the number of turns
of wire in the loop or the number of conductors in series cutting the flux ¢,

Since a conductor carrying s current i8 surrounded with a inagnetic fieid, a sim-~
ple way to vary the inductive fleld would be to vary the curreni either in the eir-
cuit {self inductance) or a nearby clrcutt (mutual inductance), An interesting
property ~{ seif inductance is that the magnetic field will always be such that it
opposes a change in current, So, the induced em{ will aid the current if it is
decreaci 1 and oppose the current if it is increasing, If it s assumed that the
~ premeubility of the circuit is constant, then a(ﬂux) and i (current) are directly '
proportional and the expression .

¢ --L v-E
is ahother way of expressing the fact that the induced emf is proportional to
the rate of change of flux, L ia tho circuit inductance in Henries, ¢ is in volts,
i in amperes, and t in seconds,

Now consider a circuit that is subjecled to a magnetlc field whose flux densxty is
NI i
T- ®
_ whe:e B denslty in gauss &
u= permeabiuty _
N =Numbher of turns . 11 rsingle closed clrcuit - l L : ,:_". :
I «cutrent in cif_cuit ' ' . K ' :
£ =distance to fieid source
The induced voltage in a circuit of area A and frequéncy w = 2«F will be

E - wBA - UA\é-) . = FLUX DENSITY
- . / . NORMAL TO CIRCUIT
: CIRCUIT AREA = XY .~ t
SIGNAL | : // . X e
SOURCE -/\_/ . : ot
—T LM ' _ l Oy
1 ST | ;
TR R e
S FIGURE2-2 = 7 -

Induced Voltage =~ YN Mgt i

Therefore, it cun be seen that there exists three basic constderations which are

a, Rate o change of the field ([requency) the htgher the rate of change the =
larger the induced voltage. s . e

oA e e o T
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b. Circuit area, or circuit inductive reactance: the larger the cireuit area
the more induced voltage.

c. Distance betweenmagnetic field source and circult; the {nduced voltage
is inversely related to the flux path (distance),

Magnetic fields can be generated from a variety of sources. The following 18 a
partial ilst of the most conmuon sources which are frequantly found in a data
instrumentation test area:

a. AC motors and transformers

b. AC power lines

c. Induction heaters and arciag contacts in AC power circuits

d. High in-rush eircuits (e.g., relay solenoids, solenaid valves, etc.} and
_ DC voltage switches (e.g., logic circuits, DC control levels, etc.)
Strong AC magnetic fields can be generated by AT motors and transformers,
particulacly those which enrry large amounts of current in the order of 10 AMPS

and more, Instrumentation cables, cabinets, transducers, and auxiliary equipment
must be kept as far as possible from AC motors and high current AC distribution

transformers which are not electromagnetically shielded and properly grounded,
When #n instrumentation cable pagses through such a field it has been found that
up to 170 UV of noise can be induced In a field strength of 20 gauss,

AC power lines are especially good generators of magnetic fields, both low
frequency and high frequency radiation caused by corona effects in high voltage
transmission lines. A commion form of induced noise is found when AC power
circuits are placed in close proximity ta the instrumentation cabling and the
effects of mutual inductance Induce 60 cycle noise voltages as larage or larger
than the signal on the instrumentation line,

) Induction heaters and arcing contacts produce electromagnetic radiation which is
high frequency (RF) and imodulated by the 60 cycle power frequency and its har-
monics, This type of noise is then induced into the instrumentation circuit and
demodulated, thus producing spurious noise having the essentials of the 60 cycle
power frequency. This type of moduiated RF noise can be coupled into the
instrumentation lines by conductive, capacitive, and inductive paths,

Solenoids.are especially common in an instrumentation test area where fluid valve
x"élays are uged in control circuits. Thesa control circuits are usually o, srated
with DC voltages which are switcted from one level to another to activate the
solenoids, This sudden change in level produces high fregquency transients in the
coll and the high in-rush of current in the control lines produces a very rapid tlux
change around the control cable. Other examples of gswitched DC voltage levels

- are prevalent in digital loglc systems, In these logic circuits the magnetic
induction problem is compounded by rapid level transltlons, usually several

o hzousand transitions per second;
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" where

and effected objects because the flow of current between the two objeéts is in- 1

" itive coupling between the instrumeéntation circuit and its wiring and the entire

. 2.1.3 ELECTROSTATIC RADIATION

From the principles of electrostatics it i's given that an.object charged with either
a negative or 2 positive charge will remain static until another object carrying
the opposﬁe charge is brought close enough to cause a flow of electricity between
the two objects. (See Figure 2-3) -

FIGURE 2-3
Eiectrostatic Radiation

The direction of flow will bo from the positively charged object {7 the negatively
charged object. ' ' '

~Quantitatively, the'amount of electrostatic noise which will oe picked up ina cir-

cuit is oy ' i
' E - WECZ - ST ,

‘B, = capacitively coupled voltage
w= 2zF

E = source voltage

€y = mutual capacitance between circuits, inversely proportional to
circuit separation :

2 = circuit impedanze ' oo T -

Thus, of primary importance in instmrﬂenmuon'is the distance between source

versely related to the distance between them, as well as the finpedance of the
circuit. Electrostatic induction or radiation is, therefore, caused by the capac-

surroundings relative to the circuit. This capacitive coupling is_en}frely Ll ol




R S B N BN

St 0 3 8 1 et 1 B8 e e e 0 o AR 5 4§ s 4 Fo ot 430 a1 e n e e et e

dependent upen the physical conﬁguration circuit impedance, dielectrl.. between

objects, and spacing

AC, 60 cycle power Irequency clectrostatic radiatiou and induction !s probabiy
the most common source of noise in any area where iow level instrumentation
systems are being used, It has-been shown in iaboratory tests. that electrostat-
fcaliy induced voltages can be 8 to 10 times more prominent than those caused by
electromagnetic neids under similar condiiions.

If the voltage ieveis in each of two conductors placed in ciose proxtmlty to.each
other are different, the poiential difference between the conductors is then seen
across the coupling capacitance separating ihe conductors, Thus, if one conduc«
tor is carrying a high level AC signal, as for examplie 60 cycies, this signal can
be capacitively coupled into the jow ijevel ‘circuit and modulate the signal on that
conductor at 60 cycles, 'I‘herefore,~é practical case exists in an instrumentation
system where low levei susceptibie data transmisaion cabies are routed in the

vicinitv of and paraliiel to the power conductor of a singie-phase or thl ee-phase
power disiributior circuit. ' '

"Qualitaiively, the capacitive c_bup‘ling, and therefore, the noise increases as the
conductors are moved cioser together and, for a given configuration and spacing

of conductors, noise in the susceptible conductors increases with increasing voit-~

age on the high levei power ronductors.

Other sources of data acquisition system noise due to electrostatic radiation are
electric arcs and corona. The energy radiated by both sources is In the higher
frequencies constituting radio frequency rathec than power frequency interference,

2.1.4 GROUND CURRENTS

: Generaiiy speaking, ground currents can be defined as any current fiow in the neu-
trai or common ¢onductor of any circuit, whether it is directly connected to earth
or not, If sucha current does exist it is very likely to {iow back into the circuit
which is commonly cailed a groundloop: The groundloop current can fiow back
into the circuit by any one or aii of the foliowing methods, viz., resisiive cou-
pling, capacitive coupling, and eiectromagnetic induction, '

In addiiion to ground qur«aehts associated with an individual eircuit, there also

may exist considerabie earih ground currenis which fiow below the earih's surface. -

Earih current is often detrimental to instrumentation systems because of the po-
tentials that exist at differeni points in the earth. Potential differences between

two earth ground rods have been theoreticaiiy calcuiated at weil above 10 V. p"ak- &

to-peak,

- To date, a satis faciory method of measurement has not been developed which can . .

be used quaniitatively to deiermine the magnitude in amperes of earth current, . -

' Sever.fzi devices and methods are availabie which can be used to measure the re- .
sistance t~ garth of a ground electrode with an error of approximaiely 10%.
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- However, to measure the amount of stray earth current from one point to another
Is a very complex matter involving soil resistivity, soil nioi_sture», weather con-
ditions, and depth of electrodes. Because of these factors, readings are taken, =
over a long period of time to obtain average values, Gmu_nd currents can be
categorized Into two general areas' ;

a, Groundlocp current associated with an ‘tndividual circuit or several ctrcutts.
b, Earth ground currents which flow below the surface of Lhe earth

Groundloop currents are usually the resilt of a circuit whoge ground points are

located indiscriminziely throughout a chassis or system. " The effects of these

groundloop currents are genefally familiar to instrumentation users, Further

discussion of this subject will, therefore, be avoided except where specifically

applicable to instrumentation systems error or noise. More detalled data on
‘ : ground loops ts included In the Biblxography. :

Earth ‘ground currents can be caused to flow into an instrumentatior system where

the transducers are located at remote distances from the acquisition system, The

. effects of these earth currents in an instrumentation system will be discussed in
i . the next section under common-mode voltages., In- this sectinn, many sources of

' earth currents and how they are distributed in the earth will be discussed,

i _ 2.1.4.1 Sources of Earth Ground Currents

R The main sources of earth currents are galvanic action, cathodic. prptectioﬁ 5y&~ .
tems, traction systems and electrical power distr.bution bystems.

2.1.4, 1 Galvanic Action

LA
RS

A current will flow in earth between dissimuar metals which are connected elec—

trically,  The action is that which takes place in a battery with the disstmilar
_ metals acting as electrodes, the earth as electrolyte and the electrical coxxnectidn'
_(usually metallic) as the external, or load clxcuit The magnitude of current flow

depends upon many factors fncluding; " ey g ow : iy ER

[P
G

a, The posxtions o[ the two metals in the galvamc series. _ A B feg 2
b. The total area of dissimilar metals exposed fo the cnil e

gt "¢, The ratxo of the e\posed area of one of the metals to the exposed ar ea of
[~ theother, =

d. The chemical cnnstitution and moisture content of the soil

L - @..The ¢ircuit reaismnce G B o I ST R P

. Pohrization as a resuft. of current rlow.

Wy !

The currént flow pxoduced by galvanic act\on is DC, and w.ule it is a very unpor-
tant Ag,ent in corrosxon, 18 contr: i:butxon to noise is miuor.
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2.1.4.1.2 Cathodir. Protection

A cathodic protection system is sometimes lnstalled at a facility to prevent gal-
vanic corrosion and usuaily consista of burying a metal which is electrically
anodic to the metal being protected and connsgcting the two to form a galvanic ceil
as previously described,” U"nder some conditions, an external source, such as

a transformer-rectifier unit or motor~generator get is connected between the two
metals to assure a controlled flow of current from the ancdic metal to the cathodic

metal. In either case, the anodic metal is gradually sacrificed to protect the
cathodic metal. The current produced is DC and lts magnitude depends vpon the
same factors which affect galvanic action plus the difference of potential of the
external source, if applied. ’ :

2.1,4,1.8 Traction Systems

Electric trains and streetcars are generaily supplied by means of an overhead =~ -
trolley wire of a “third" rail with the track serving as a current return,. No effort
is made to insulate the track from earth and the return current flow divides be-
tween earth and the rails in inverse proportion to their respective impedance,

The current may be AC or DC depending upon the system and its magnitude de-
pends upon several variables including:

a. Earth resistivity.
b. Contact resistancé between track and earth.

c. The number, rating and inst2ntaneous tractive effort of all motive units
along the line. ’

2. 1 4.1. 4 Electrical Power Diqtributxon Systems .

A major source of earth currents is power distribution systems. The hature and
extent of earth currents assoclated with a particular power transmission or dis-
tribution ‘circult depends largely upon the types of system, that is, whether the
system is grounded or ungrounded; single-phase, three-phase (three wire.or
three-phase);four wire; whether the ioad is balanced or uribalé.nced transformer

connections; and the presence and magnitude of triplen harmomcs (third harmorxc i

and odd mulitiples).

The largest earth currents will flow during a power system fault, However, the
faults do not occur frequently and, on most systems, protective devices are de-
signed to clear the fault within a few cycles (at 60 cycles per second) to 1imit

. damage to the system. . Due to their In{r equent and transi‘ory nature, fault cur-
_rents will not be considered further as a source of data dcquisition system noise,

'Power system earth currems under normal conditions are considerably smaller

than fault currents. Their magnitude may vary from hour to hour but their fiow
is continuoug over relatively long-perivds of time, .

i
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* Because of some basic differences in design and operating practices between
" utitity power transmission and dlstribution systems and test facility power dis-
-tribution systems, the two wiil be treated separately,

a. Test Facility Power Distributlon - Power (o test facility loads is typlcally
distributed at two or three voltage levelS'7

" 1, 208/120Y V, three-phase, four wire of 120/240 V single—phase, three
wire to small equipm.nt loads, convenlence receptacles and some or all
of the lighting. The wirlng method used is usually insulated conductors
in conduit, : .

2, 2717/480Y V, three-phase four wire or 480 V, three-phage three wire to
larger loads such as three-phase motors, heaterg and, in some cases,
fluorescent and mercury vapor lighting, Insulated conductors In conduit
or armored cable is generally used to dlstribute power at this level,

= ; 3. 4,160 V or 13,800 V, three-phase where loads and/or distances between
- loads warraut a higher distribution voltage. At this voltage level, power

i - " - may be distributed either by means of insulated conductors in condult,

" armored cable, or by open conductors on poles,

The ueutral or common conductor of the 120/208Y or 120/240 V system
respectively must be grounded in order for the system to comply with
the National Electrical Co-.ic‘_e.8 The neutral of the 277/480Y systems may
be grounded and usually are in modern deslgn practice. " The neutral of
4,160 and 13,800 V systems may b.- grounded, and modern fault-
protective relay schemes favor grounding. The Natlonal Electrical Code
directs that each system at a given voltage level, whu.h is to be grounded,
gl shall be connected to earth at one point near the source {usually, a

L t‘rahsformer). Also, the National Electrical Code states that no connec~ [EE

: tion between neutral conductors and ground are permitted on the load
‘side of the main service disconnect. All neutral conductors are insulated

- from ground and, undér normal operating conditions, no current will

ﬂow except under fault conditions. i : }

b. Utllitv Power Transmissmn and Distributlon - Utility power lines can be

subdivided into two classificatlons according to upplication: transmission
‘lines which transmit bulk power frem a major power gource to a major
distribution center or which serve as an intertle between major distribution
centers, and primary dlstributlon lines which distribute power to individual i
users; "I both cldsses, power is usually distrlbuted by means of open con- | ’ ._ .

~ductors on péles or towers although sqm'e recent installations in residential '

- ‘areas have featured insulated I_multi-c'o'mluctor cables buried In the earth,
The reasons for grounding the neutral on either classificatlon of power line
are the same, namely, to aid in protective relaying, pieven,t transient’

= _l 2....11
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- over voltages due to arcing grounds, and to permit the use of lower lnsula- i '
tion levels.” However, the practlces followed with regard to grounding and
consequent flow of earth currents differ somewhat between the two classifl- o
catlons. = :

1. Transmission lines are genérally characterized by high voltage (34 KV
‘and above) and balanced load, "The system is almost always grourﬁded
at thls voltage level for the reasons previously outlined, The system
neutral is normaily connected to earth at the transformers feeding the
tréhsmisslon 1lne, The path for earth curreat on this type of line is

from line-to~earth through the llne-to-ngund capacitance and back through T
eartii to the neutral, The magnitude cf earth current depends upon the g J
llne-to-ground capacltance, the degree of unbalance of the load and be-

tween the lines themselves, and the amount of t',rlplen harmonies present. .8
Typical values for 220 KV transmisslon 1lnes, measured at the trans- :
former neutral, range from 2 to 6 AMPS, 3
There are no l{l'gh voltage DC transmisslon llnes in commercial use In =
the United States at the present time. Some have been proposed as Inter- 4

ties between large power systems and short test llnes are under construc-
" tion. The absence of Inductive effects on DC transmisslon lines makes "
" feasible the use of earth 4s a current return part and at least two trans- j
mlssion lines in Europe operate In this fashion, Lack of operational i
data prever’s an assessment of possible interference problems wlith '
Instrumentatlon systems. Theoretlcaliy, the DC earth current would

approach high denslty in the surface layer only in the immediate vicinity m
o of the transmission system ground electrodes.” The bulk of the current ) )
g S would go deep Juto the earth and be carrled by the low-reslstivity hot- e

- core materlaj rather than the high-resistivity upper layers. " Tests and .
operating experlence on a hlgh voltage DC transmiqclnn line in Gotla'\d . D3
Sweden seem to bear this out. :

2. Primary Distribution Lines range generally in v.o' 4< from 2,410 25 KV, !
i Single-phase may be taken from the ilne at random .- .lts resulting in
- varying degrees of unbalance along the line. The majority of the prlmary
distribution lines lr) thls country are three-phase, 4 wire with slngle-
phase loads belng connected between a phase conductor and the neutrai,
" However, there ls an appreciable use of th’ree—p_hnse, three wire iines,
ungrounded, with single-phase loads connected between two of the phase
~ conductors. In the fatter configuration, earth currents wiil flow only
- under fault condittons, Where the system Is three-phases, four wire -
- grounded, utility practlce Is to ground ‘the neutral conductor at numerous
points along the IIne. The National Electrical Qafety Code stlpulates that
. the neutral conductor be connected to earth at least four tinves for each -

'
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versely with frequency, -

. The principle variabie which makes the actual distribution of earth currents so ;
*_difficuit to predict is soil resxsuVity The soil is rarely homogeneous at a par- - ?

R e
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mile of line.m At each poimt where the neutral conductor is géounded,
the current in the neutrai will divide hetween the conductor and eacth in .
inverse proportion to their respective Impedances. The magnitude of
« earth current at any point along the line will depend upon the degree of
- load unbaiance at that point amount of triplen harmonles and the mped-
~ ance of oarth.

- 2.1.4..2 Distribution o[ Earth Ground Curren'ts

The distribution of current flow in the earth depends upon many variables, The
prediction or caiculation of earth current magnitude and distribution at any par-
ticu'ar time and place s very difficuit if not imposslble. Mathematical expres-
sioas have been deveioped for both DC and AC currents, assuming such idealized

‘conditions as perfectly homogeneous earth of constant reslstivity. 11Altl‘ough suuh

conditions are rarely approached in practlcé, some general observations. can be
made.

_ In the case of DT, the distribution of current flow In earth wiil depend upon only

the resistivity of the earth, Assuming homogenzous earth over « large area and
depth surrounding two electrodes and a distance between the electrodes,. if DC cur-
rent enters the earth at one electrode and ieaves at the other, the current will
spread out to a great distance and depth, seeking a path of minimum resistnce
between the two points,

The distribution of AC current in earth ls strongly affected by induction caused 'by'

the changing magnetic field, these inductive eifects predominate over earth re- . i
sistivity, The earth currents wiil distribute themselves so as to minimize the en-.
ergy in the associated magnetic field, In the case of earth return current beneath
an AC power transmission or distributlon llne, the current will flow In a bread
zone on both sides of the iine, closely following the routlne of the iine and will be
restricted In both depth and lateral dlme‘nsloris. The relatlon between current
density and lateral distance from an overhead AC line, assuming homogeneous

" earth, is a complex Bessel function, 12'I‘he current 1s a maximum directly beneath -

the line and faiis gradualiy to zero at the extremitles of the zone In geheral the
width of the zone through which significant earth.current fiows cn each side of an
AC transmisslon or d‘stnbutxon line vanes directly with soxl resxstxvxty and in-

ticular location. Even where the surface soil Is uniform over a large area, the ~
subsoil is usualiy made up ‘of stratified: layers of dlfferent soll types with varying

2-13
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moisture content. The resistlvity of a given soii can vary by a factor of 100 to 1
for different values of moisture content and temperature, Thus, the resistivity

changes from d.ny to day and season to season. . . -
Another item which can radically alter the distribution of earth currents inan area !
is buried conductive material (such as pipe or uninsulated cable armor). A long

buried conductor can lttcrallv ‘collect earth current over a w1de area and carry it
to distant points.

2,1,4.3 Measurement

TR

Because of the iarge areas and depths invoived and the heierogenety of the con- :3
ducting medium, no satisfactory methods have been deveioped for the direct nicas- g;
urement of stray earth currents or current density at a particular point, The

ground curreits contributed by a specific sourcc can be measured at the point T
where the current enters or leaves the earth (at the transformer neutrai or gen- EJ;

erator neutral, for exampie), The difference of potential between two points on
the edrth's surface, down to a specified depth, can be measured, giving an indi-
rect indication of the magnltude of earth curvents in the area,

2. l 5 COMMON-MODE VOLTAGE

i da"l acquisition and instrumentation systems where accurate low level data Is 5
being obtained and procossed the basic limitation regarding the'aceuracy of the oW
data being acquired s the amount oi noise present in the data; In addition to the
desired signal there always exists a certain amount of noise or extraneous infor-
mation which is totally viirelated fo the: desired signal and this undestred because
of its eflects in masking the measurement signal. Of the many forms in which
nolse can be found one Is of major importance in data acquisttton and instrumen-

" tation systems, This noise is a result of earth currents and/or other potential
differences which are calied’ common-mode voitages.

e

Common-niode voltages are those voltages which appear on each sideofa slgxul
iine to a common reference point, normally the systems ground or common point,
Common-mode voitage can be caused by magnetic induction, capacitive coupling,
and resistive coupling.  The most troublesonie form of common- mode voltage is
caused by resistive coupltnh between two separ'\te ground points, Because of 3
stray earth potenthts a \oltage difference is then established between the two

earth or ground potnts. These earth potentials are primarily of 60 cycle puwer
frequency, The potential dtffercrices between these ground points x.lay be reierred
to as the "Common—Mode Generator 4 :

g

As shéwn l_x_l Figure 2_-4, W jow impedance_ground loop exlsts around the loop bdgt'b.. .
Another joop exists around acdefba.- In this second {oop, a certain amouut of the -
totai foop curreit wili develop an IR drop across the transducer impedance and
wiii appear as a signal voltageat the retording device, This apparent signai Is’

R
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the common-mode t0 normal-mode conversion signal, 1t is thls fact which causes
the most concern regarding the accuracy of the data being obtzined. Therefore,
the less common-mode to normal-mode conversion in the low level tx"-ansduée_r

* and Instrumentation cabling the greater will be the overall data accuracy. For

more detailed infornwtion concerning system accuracies refer to the Appendix..

COmmonf-mode voltage can be divided into three general categories; a) E.;rth
common-mode voltages, b) Transducer common-mode voltages, and ¢) System
common-mode voltages. .

2.1.5.1 Earth Common-Mode Voltages -

The system shown ln-Figure 2-5 is a single ended amplifier and récorder type,
The system is connected to two different ground potentials, one at the transducer
 location and one at the recorder. A ground loop consisting of one side of the sig~

~ nal path through the system and the ground itself 1s formed. The difference in po=
tentlal between the two ground points, represented in Fi-gure' 2-5 by the common-
mode voltage generator, causes the flow of ground loop current, '
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2 1'. 5,3 System Common-Mode Voitages

This voltiage appears across the input terminals of the ampiifier and constitutes a
faise or erroneous signal to the amplifier and recorder, When working with low-
ievel signals representing the physical measurements, these false signals can com-

- pletely mask the true information which 15 to be recorded, A greater error results

when the ground ioop current is caused to flow through a transducer source imped-
ance which is usualiy higher than the transmission line resistance,

The grounded transducer is also a typical situation, since it is often not feasible
or not evonomical to isolate transducers from ground. A thermocouple, for ex-
ample, is generally bonded to the test specimen, forming an almost perfect con-
rvection to ground. lxnperfect insulation ard coupiing through étray capacitance
are other sources of possible connections to ground. '

2.1.5. % ‘Transducer Common-Mode Voltage

The second type of common-mode voltage, transducer common-mode voltage,
frequentiy occurs as a resuit of the conﬁgumuon and type of measuring eircuit
belng used, Flgure 2-6 ilJustrates a typical resistance bridge transducer cxrcult
Since one side of the excitation power supply is grounded, each of the signal leads
going 10 the duta ampiifier is placed at a potentinl of ET/Z above ground. The .
common-inode voltage appearing at the irput of the cata amplifier is then ET/?..
This vculd, in most cases, be a DU common-moede voitage. Another source of
transducer common-mode voituge wall occur between bonded thermocouples be-
cause of temperature gradienis along the test specimen. :

There are other possible transducer circult configurations and measurements
which could resuit in a common-mode voltage beirg presented to the input of a
data amplifter, Each transducer éircuit configuration used inan fnstrumentation
system should be examined carefully to determine the type and level of comn.on-

" mode voltage that will result.

LIS

The systera common-mode voltage is a result of magnetically induced voltages in

the transmission lines from the test area to the instrumentation area. Hlustrated _'

in Figure 2-7 is a data §ystem with long cable runs from the test area,. Magneti-
cally induced voitages in the cables will occur because of loop areas between the
cables, as cxpiained in the above section on magnetic radiation, In a system
where several channeis are run through conduit to the instrumentation area any -
separation of instrumentation channeis originating from a common area and termi-

nating in an area of close proximity will render the cables susceptable to. magnetic -
 fieids, Figure 2-7 illustrates a floating data system utilizing the ground bus tech-

nique of grounding (discussed in detail iater) which has the ground bus separated
from the instrumentation cabies by a distance I. The amount of induced voltage is
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FIGJRE 2-6

Typical DC Common-Mode Voltage Source
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proportional to the flux density, rate of change of flux, and circuit area. There-

fore, the larger the area the inore susceptable the instrumentation cables will-be -

to magnetically induzed common-mode signals, |

2.1,6 OTHER NOISE SOURCES

In the preceding paragraphs, the follewing noise sources have been discusseds.
{a) power and transmission systems, (b) electromagnetic radiation, (c) elec-.
trostatic radiation, (d) ground currents, and (¢) common-mode voltzges, In
this section noise sources will be discussed which are important and often a very

real problem in a rocket test facility utilizing low level DC data acquilsition sys- -
tems.

Each of these sources of nolse deserves special attention, The effccts

they have on acqulsition accuracies cannot be over emphasized. These noise
sources can be categorized as:

a,
b.
c.
d.
e,

i

Thermoelectric emf's
Eléctrochemical emf's
Acoustical

Cable noise
Component noise

Sub-system noise

2.1.6.1 Thermoelectric em{'s

Instruinentatioft systems ircquently utilize a thermocoﬁple that is welded to the
test speclmen which is dissimilar to the thermocouple metals themselves, At
this junction a tiermoelectric pctential arises (see Figure 2-8),

. TEST SPECIMEN

Trr7

 FIGURE 2-8°
Bonded. Thermocouples
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This voltage is a DC common-modc voltage and will be different at each thermo- ! .
couple if a tempcrature gradient cxists along the test specinien and. it will change .
with tempcrature. This same effect ic possible with signal or ground- wire connec- .| :
tions which are made of dissimilar metals, As long as perfect symmectry exists . . 3
i : on both sides of the couple and for the Yength of the thermocouple lines, any tem-~ ‘
peraturc gradients along the length of the thermocouple leads cause no problems, -
since junction emf's will cancel. ' : 4 ‘
ks

If there is a temperature difference betwecen point 1 and 2 (see Figure 2-9), this

causes common-mode to normal-mode conversion error, For example, at the

copper-constantan junction a 1°C difference between points 1 and 2 will produce -

40 MV of DC signal, 12 Therefore it can be seen that in a rocket test start where
. there are rapid changes in tempemture, large temperature gradxents are not

- uncommon,
T Ay . c CONSTANTAN, = g
Y . ..- % 3
A - . C CONSTANTAN 4
9 ) . . b B}

FIGURE 2-9 k
Two Thérmocouples with a Témperatuxl'e ‘
© Gradient between Points 1 and 2. o PR
' 2.1.6.2 Electrochemical emf's _ . ' . 3
' Chemica;s have bcen known to cause noise in fnstrumentation systéms under cer- - m . ;
~ taia conditions, Chemicals can form noise voltages through the voltic action of [ X
electrolyte type chemicals, Nitric acid spilled on the floor of a rocket engme test
stand has been known to generate a sxgnifxcant emf in the earth ground path. 13. - s e
2.1.6.3 Acoustical ' _ o _ =5 ' ' 3

Acoustical en_vironments greater than 120 db are, in certain cases, another source
of instrumentation noise and can introduce error into the data measurement. Gago-".
type pressure transducers whose transduction element depends on convection cool-
ing should be avoided in a high acoustic environment. Zero balance can be altercd -
"_signiﬁcantly by thermodynamic changes caused by the deoustic background, 12 L
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2.1.6.4 Cable Noise

- Cable noijse can be observed in especialiy high impedance instrwmentation circuits
when the cabie is subje_cted to mcchanicai distortions such as bending, tapping,
and squeezing. Figure 2-10 shows an osciliogram taken of a Iength of foil shielded

“¢able ina very high impedance circuit which was taped twice in opposite directions,
It is.clear then that there exists charges between the cable insulation and the con-
ductors and between the insulation and the shield, i

.05 mv/cm

% 500 ms/cm

g FIGURE 2-i0
Cabie Noise in High Impedance Circuit

~ This type of noise is called Triboelectric Cabie Noise, It is a result of the sep,‘m—

ration of triboelectric charges when the dielectric momentarily looses intimate

. contact with either the center conductor or the shield because of mechanicai dis-

_ tortion“ {see Figure 2-11),

DIELECTRIC

+~ + + + 4+ 4
CONDUCTOR

e te S - O BIGURE 243L 1
© - ... vriboelectric Cable Noise
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2.1.6.5 Component Noise: o Pty oo ]
Compositioh resistors, semiconductors, and electrolytic 'ca'pa,citors are examplés Fh
of components whieh are sources of noise if their characteristics are not adequately - .
considered and the comﬁmlents carefully us i, Electrolytic capacitors, for exam- ' i u
ple, have been known te produce an electrochemlcal DC offset voltage ina low- . e 3
pass tilter at the 1nput to a hlgh gain servo amplifier, i ' '

Resistor noise is common and is generally the result of -thermally agitated elec- . - e
trons within the resistance itself. The thermal. noise level generated by a resist- -
" ance is called "Johnson Noise” and expressed as follows:

Vn=AKTERg

_ - 241, 38x10~2TRgB
Where: B= Bendwidth /
T = Temperature In degrees Kel;ih-
Rg = Reslstance of component _ ; .
k = Boltzman's Contant = 1. 38)(10'23 Meter-Kilogranr-Second
At any ngen temperature, any resistance or resistlve component generates ran~

dom w1deband noise due to thermal agitation of electrons, The nolse power gen-
erated is proportional to the resistance, teniperature, and bandwidth of the circuit.

Semiconductor noise is wideband and caused by electrons crossing any sewmlicon-
ductor "barrier”. This noise is proportional te current and to the circult band-
width, " Therefore, in low bandwidth low current instrumentation systems this form
of noise may be of SIgmflcant magnitude -

. Solder connections can also generate thermal emf’s, F;egtlla.r tin-lead solder has
a high thermal emf relationship to copper. A low thermal solder 70% cadmium and
30% tin is available for low level clrcuits which can give better than a 100 to'1 _ i

. thermal emf reduction. : o o g

S
i
]
£
¥

X
&

Countact noise can be a very serlous problem-in spaide environmental test cmmber's_x, T e
“and rocket test areas where metal corrosion is faused by toxlc fuels being dis- N
_ charged from the test specimen, Coutacts such as terminal strip connectors, re- -
lay and switch contacts can exhibit noise where there are fluctuations of conduct- . - 3
ivity at an iniperfect junction between the two conductors, Two important factors " -
influence the amount of noise generated by imperfect contacts; (1) the noise is di~

Bt st

L4
g il

s rectly proportional to the DC current through the contact; and (2) the power denmty ‘
plotted ona irequency scale varies Inversely with frequency so that in a glven DC. ir
current the uoise power increases wlth decredsmg frequencj.
%
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2. 1 6-6 Subszstem Noise

Instrumentation-amplifiers have mherent noise within the cu'cuits of the ampli-
fier. This noise as almost always given in the amplifier per_xormance specifi~
cation refers to full scale input signal, bandwidth, gain, and source lmpedance.
Medern instrumentation amplifiers have low noise levels which approach the
theoretical limits of the "Johnson Noise™ described above, ’

Power supplies with poor rgulation produce ripple voltages which can be car-
ried direcily to the input to the instrumentation system, Regulation elements in -
power supplies such as silicon-controlled-rectifiers are a particular problem
when used in some digita’l» systems. The switchingtranéien_ts of the rectif ie_;' xmy

be present on the AC power line and carried to susceptable circuits whose power -

is suppued by this same AC line. I the power supply cannot regulate such fast
transients, then they appear as spikes on'the DC voltage output muqing random
triggering of logxc circuits, ’

2.1.7 TRANSMISSION LINES

Data transmission lines operating at low voltage levels and more importantly at
low frequencies, have electrical characteris_tics- thdt require a differéatial analy-
sis than those of high frequency transmission cables. At low frequency, cable

capacitance and line resistance are of primary interest concerning the noise con~

tribution and noise susceptibility of low frequency data transmission cables,

High frequency signals such as the output of piezoelectric type accelerometer or
vibration pick-ups are usually the highest frequencies used in analog instrumen-
tation systems. The range of such transducers is coimmonly 4000 to 6000 CPS, -
In instrumentation systems the length of a transmission cable will rarely be more
than a small fraction of the wavelength of the liighest data frequency; therefore
transmission line theory related to wavelengths of frequency are not general].y
applicable. . :

- At frequencies below 1000 CPS the shunt resxsmnce and series inductance of a

cable is quite small when compared with the series resistance and shunt capa- -
citance of a cable at higher frequencies. Thus, at low freq_ue'ncies shunt resist-

ance and serieg inductance may be neglected. The transmission line then dppears .
- basically as a shunt capacitance when open circuited, and the termination imped-
“- ance is in series.with the line resistance and in parallel with the line capacitance
when terminated, Figure 2-12A shows the equivalent cable with distributed con- -

stantz while Figure 2 12B shows the lumped- constants confxguration of the same

. cable, -

e s e i, = R
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Approximate Equlvalent Circuit for Low Frequency Cables

‘ It shauid be noted that at the lower frequencies the characterlstlc impedances of

transmission llnes are of no significance as rarely will the line be as iong as ore-

quarier wavelength of the highest instrument frequency. Typical values of wire
resistance and cable capacitance for coaxial cables and a typical 22 gage parailel
wire cable are given in Table 2-1 below,

Cable 1 Ohms/Foot Plcofarads/ Foot
RG58C/U 01 28,5 (wire-ta-shield)
. . gage pair* - .042 13 (wire-to~wlre) 1

-*8pacing » 4X radius and dialectric constant «.2, no shield consldered
Reslstance 2X single length,
TABLE 2-1

~ Typlcal Values of Wire Resistance and
Cable Capacitance for Coaxial Cables

The -capaclfanc'e per foot for coaxial and parallel wires may be :iound by use of the
followlng formulas and by referring to Appendix B, Coaxial cable speciflcatians
are also found in engineering handbooks, :

a, Coaxial Cable Capacitance
194K x 10712 farads per foat of line
Log 10 b/a . s
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ivhere .
‘a =~Radlus of outer surface of lnner wire

b =Radius of Inner surface of outer conductor
k -Reiative dielectric constant of jnner lnsuiatlorx (K =} for alr)
b. ‘Parallel Line Capacitance* ' '

g_ls__l_(_)__'l___z_ farads per foot of llne.
Log 10 b/a
where
a xradius of each wire
b =Spaclng between wire centel 8
k =Reiatlve dlelectrlc constant of {nsulatlon
*Twisted lines would have a larger capacltance.

A typical transducer wlth a glven cable shunt capacltance C c and ser s resistance
Rc and a resistive load R; may be ap'proxhnatec_l by the circuit shown In Figure
2-%13. The signal source may be either a transducer or the'output of a lineampli-
fiér with an' impedance Zg

CABLE - RECORDER

TRANSDUCER - [ ' ,
A ’

G l Rc . I

Rs I _ |

. p ok

c

¢g I |

| 3 S
i L

FIGURE 2-13 |

Approximate Equivalent Circult for i,ow Frequency Transducer
) ; and Lumped Constants Cable

The output voltage e, would be a product ol the voltago dlvlder as sh0wn ln
Flguw 2~- 14 . .
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FIGURE 2<14

Simplmed Equivalent Circuit of Low Frequency
: Transducer Cable with Lumped Constants

and the output'e(.) relative to e Is:

e,  Z
= =g
I8 ‘1 2
_'where Z; « R+ R,

22 =Ry, parallel with C

As the impedance of Cq is normally much lees than the input lmpedance of a given
recorder R , then RL may be dropped and the output € referenced to ey 18 now
e - IX
— n
eg R+ R - jXc

1
I+j (R + R ) (2rFC)

where F is the {r equency of the output of the transducer.

li; can be seen that at higher frequencies and with long lines there would be an er-
ror due to the line shunt capicitance, As an example, 500 feet of RG58 cable, a
transducer with a 4000 CPS r‘ange, and a source impedance of 1000 ohms would :
produce a signal error (amplitude attenuation) of almost 7% at the high frequency,

~ Asan indxcation of the Importance of low source impedmces if l'\‘1 were 100 ohms
the slgnal error would be about ,07%,

At lower Irequencies or where R 1s qulte small the output 1elatlve to the input is

e R, .-
oW e e :
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" From the above relationship it can be seen that if the line resistance s within a

reasonable percentage of the load Impedance, as it would be if an oscillograph,
galw)anqmeter were driven directly from & transducer, the line resistance would
Usually DC errors which are fixed In nature such as the line re-
sistance cai usually be compensated for luring calibre fion.

. cause an error,

Transmisslon llnes which are located in severe environnents will be subjected to

extrome temperature variations,

This can cause thermal EMF in cables which

are nonhomiogenious (e, g., wire with varylng alioy throughout Its length, rare with
copper wire, but possible in thermocouple wise) and changes in resistauce present

“in all wires to varying degrees.
in wire is:

R=R_ (1+X;}

A slimplified relationship for changes of resistance

where R_ is the relative reslstance at 00, X ig the temperature coeffictent and t
is In degrees centigrade. A -

I R, 1s normalized to one the coefﬂclent X for copper is .00393, Température
coefficient for many materials may be found in the "Handbook of Chemistry and
Physles', The result is that a 10°C change in temperafure can change the resist-
aitce of a cepper wire by approximately 4% or 1.3 ohms in a double run of 10G0

If used in the balanced bridge circult of Figure 2-15, the .
output error would be 21 MV, 2 large error in a low level system.

88 ohm

feet of 22 gage wire.

A

»

FIGURE 2-15 ©
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2.2 NOISE REDUCTION AND PREVENTION
2.2.1 'GROUNDING '

Gi\)unding is a general term uged to describe that pzirt_ cfa circult, system, or ,
power egcipment which is a common voitage reference point or datum from which
the operatlng voltages of the tlreuit, system, or power equipment, may be measured.
This zero voltage reference point is not necessaruy connected to earth ground. A
connection to earth gv ound is used, however, for two' important reasons: (1) to Ixx .-

the common or neutral point of an ¢lootrical system to earth potential which is theo-
retically at zero volts; and (2) to provide a low impedance current path to earth - xr
(zero volts) for the sniety and protection of personnel; When.an electrical faiiure »
occurs in an electrical power éystem, very large amounts of current can be passed |
into coudult, motor cases, junction enclosures, etc. If these devlces are grounded ™ ...
-at earth potential through low lmpedance connections (25 ohms or less) no harm to ;
personnel will occur during an electrical fault candition. ; e

In an overall groundlng system design for a lowélevel iuétrumentatioﬁ test facility, = ..

there are two categories of ground systems which must be considered. First, the
electrical power grounding system which includes all AC power; both distribution o

and utllity service power used fo: Hghting, equipment power, etc, Second, signal
circuit grounding which includes 21l electronic and electrical control circuits asso-

ciated wlth the instrumentailon eciuipment. The design of each of these grounding ,
- systems for an instrumentation facility must include careful consideration - both

independent?y and with respect to each other,” & a T

2.2.1.1 Power Grounds kX L : g 1

As previously explained, ear th currents are always preseut in an area mhere heav'y
electrlcal equipment 1s bemg used. Terefore, it is important tominimlze the amount
of Mgh-power electrlcal equipinent in the area of the lnstrumentation equipment.,

In Flgure 2-16, primary power clecuits and grounding techniques are those which
are standard and vequired by the National Electrical Code. The most important con-.

" slderation conceniing the primary power system is that of its relative location to
the Instrumentation system; all heavy' electiical equipment and primary power dis-
strlbution should be placed as far as possible from the instrumentation system so
that power caused earth currents wili be dscreased through the resistance of the
earth. As shown in Figure 2-17, one half mile is recommended as minimum ;:eﬁ-
aratlon between blockhouse and power transmisslon Yine. Thig distance is based '
on the need to reduce exrh current and radiation effects to negllgible vaiues yet
‘maintalnar easonable proximlty between the instrumentatlou complex and power .

Earth currents associgqted with high voltage transmlssion lines and earth currents
which have been "trapped'’ by burled conduit follow the direction of tie transimission
lines ..nd conduit. 1t is therefore recommended that & perpendleular relationship

'2-28
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. . be maintained between test area-to-blockhouse cable runs, ard any power lines
" which are carried through the area. -Also, instrumentation conduit should never
e _ pass under or parallel to such power transmission Z:nes

Inside the instrumentation test facility the electrical grounding of power circuits
‘and equipment should follow closely the requirements of the National Electrical i
Code. However, the the grounding of the low-level low-frequency instrumentation
equipment cabinets should be separate from the standard AC power equipment point
from the AC power circuits, AC ground currents will be eliminated in the ¢abinets,’
thus elimmating instrumentation noise associated with-the pickup of 60 cycle poten-
tials in the cabinet itself. (Equipment cabinet isolation is covered in more detail
in Paragraph 2.2.4.) Figure 2-16 shows a power system grounding-design which
will ellminate or greatly reduce any noise or ground currents in the instrumentation
- system.  The principles in this design are as follows:

a. Power circuits provided with adequate ground return to earthas requh ed
by National miectrical Code.

" b. Isolation transformers should be used to 'suppl'y--Instrumentatien system
o . power to prévent ground loops between electrical power ground points
) and instrumentation ground point.

There have been many articles written on the subject of electrical power system
grounding. Some of these articles. give rigorous explanations concerning thie design
requirements of an electrical grounding system. One such article, entitled "The
Realization of Compatible Structure Grounding Systems' by H, W. Ervin, D. &,
Lightner, and Robert Powers, gives a design criteria of a ground system for both
electrical and eleetronic facilities where high frequency RF electromagnetic fields
are present or generated.. Although the scope of this Handbook does not include
high frequency type systems such as radar stations and faeilitiés, it is important
e to note that because of the electromagnetic radiation problems associated with such
£ . " systems the grounding requirements aré significantly different from those used in

: ; low-frequency low-level instrumentation. The grounding of = high frequency system

(o : ~should consist of many unconnected parallel paths originating at the circuits, mod-~

i ules or subsystems (See Figure 2- 18) and terminating at 2 common ground point so . ..

that the ground currents can be distributed to the ground point through as low an
. ~ impedance path as'poss'ible and through the shortest path as possible. Figure 2- 19
.. illustrates how the current in an isolated conductor is distributed when the current
' - is at radio frequenmes. : '

" As the frequency being tran'smitted'by the wire increases, the inductance and im- "

kit : - pedance in the center of the wire increases greatly to where the current in this

e farea is effected and caused to flow at the surface of the conductor. The useful

.current carrying area of the conductor is reduced and the effective 1mpedance of the
conducer is 1ncreased ’I‘hereiore when ground lng high frequency circuits many
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: : 'FIGURE 2-17 '
Recommended Power and Instrumentation Facility Orientation and Conduit Usage
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giound paths to earwn effectively lowers the impedance offered to the current as
well as divides the total curtent between the conductors. .

SUBSYSTEM

. CHASSIS
ol CIRCUIT. CIRCUIT
L MODULE MODULE
& CIRCUIT = 5 - SIRCUIT

MOBULE GROUND |
‘ PLATE »
5 FIGURE 2-18

T Simplified Diagram of Multiple Ground Paths
- - In contrast, a low:frequency instrumentation system nieasuring data from 1 1o

5000 CPS requires that each ground circult be maintained ungrounded umxl it

) reaches the system ground point. This is done to eliminate ground loops. ‘which

T are susceptible to error causing ground currents and to magnétically induced
error voltages.. ' :

77 - 2.2.1.2 Signal Circuit Grounds -

e The "signal ground" is zissociated with the transmission of data or control. signals.,
The signal ground circuit is therefore a separate entity and is distinguished from .
$F the clectrical power ground or AC return and the equipment ground which is re-

4 4% - quired by the National Electncal Code for human sa.fety and protection agamst

s clectrical faults. ’

Ve stz

. In data instrumentation there are two forms of signal grounds. F‘ach one is asso-'

_ : ciated with the function of signal transmission’in the system such as azquisition,
. . .. reduction, and conversion of low-level voltage measurements {o engineering units. -
' . These SIgnal grounds are analog signal grounds and digital SIgnal grounds. -

2:2.1.2: 1 Amlog Slgnal Grounds

" Analog sig‘nal grounds inan mstrumentatmn system are those grounds associated
with the analog voltage circmts such as transducers, and reﬂy and solenoid con-
trol circmts. Transducer isa general term which describes any dwice that con-

233
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- ROUND CONDUCTOR
MAGNETIC FLUX

: j/j/-oc CURRENT
L MODERATE FREQUENCY

CURRENT
DENSITY -

e RADIO FREQUENCY

FIGURE 2-19

Isoluted Round Conductor  Showing Magnetic Flux Paths
. and Typical Current Distributions

vertg energy of one form into energy of andther form, such as a motor generator
which converts the energy of mechanical rofation into electrical energy.

. Amalog signal grounds mist be considered in Felation to the signal producing trans-
.* ducer and to the signal amplifier as well, Amplifiers may be classed into two
" types: single-ended and di.ffcx ential (isoiated, feedback).

Other important analog slgml grounding considerations include prevention of
ground loops by more than one common ground point in the amlog signal section
and the grounding methods which should be used in a multiple test stand facility.

"The grounding procedures given wiil be for iransducers in general since the
grounding techniques discuseed will apply to almost all transducers in common
use today in a rocket test facility and instrumentation syétem‘ When consider-"
- Ing measurements, there are two choices which can be made: (1) use a gx‘oundc—d
“transducer such as a bonded thermocouple or; (2) use an ungromded transducefr
such as a sirain gage bridge transducer. In each type of transducer the maximum
- measurement accuracy can be obtained only if noise is reducedin the medsure-
““ment. By properly grounding each transducer type, many of the deterrents in
e _ obtaining higher data accuracies can be eliminited.

T Grounded Transducers - Figures 2-20 and 2-21 are bonded ﬂxermowuple
' " transducers which are commonly used in instrumentation systems.. The -
'thermocounle is shown utilized in two ‘system conﬁguratxons‘. In the ﬂr.}t :

+
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configuration, Figure 2—'2.0, a thermocouple is used with a single-ended

" data amplifier whose output is taken into the data system to drive recording

devices such as oscilloraphs, strip-chart recorders, etc. The shield
which surrounds the transducer signal leads rmust be grounded to pa‘ss any
electrostatically induced currents directly to earth, If the shield is not
grounded the strong possibility exists that these currents will {low directly
through the signal leads via shield-to-signal-léad capacitance.

&
- 7y - _
TO DATA
L 7 SYSTEM
i o e T,
| W SR .. e >,
i
g Vv
I:
|
I
: /-‘L A Y
(-A-)ELECTROSTATm VOLTAGE
~_/ UiSe
T .
o
NOTRECOMMENDED
, ncum«: 2-20
Shield Current Flow Through Signal Leads

. When Shield Not Gr ounded “

It is therefore natural to question w'hich end of the shield should be grounded
to allow. shield currents to {low directly to earth. The best piace to ground.

the shield is at the same point which grounds the transducer, This insures

that shield and signal leads are always at virtuaily the same potential. This
recommended pracxice is iliustmted in Figure 2-21,

Groundlng of the shield at the ampxiﬁer end of grounded transducer 51gnal s

"lines can cause extremeiy high common- mode noise as shown in Fxgure 2-22.

The large capacitance between shield and signal lines (typicaLy 50 pt/'

foot) is a relatively low xmpedance path for AC currents caused by common-
- mode voltages (E ) As can be seen, the E current path includes the,

2-35 .
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RECOMMENDED

FIGURE 2~ 21

Vv

Shield Should be Grounded at Groundlng Point of Transducer

7N

.

'NOT RECOMMENDEYD

‘FIGURE 2-22

Shield Should Not be Grounded at Opposite End
. of Signal Linea From Transducer
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“signal lines themselves, This means that common-mode nolse voltages will

1
1
__{i.,q

" ve developed in the signél lines in direct proportlon to the amount of !?rxe )

reslstance and the amount of common-~-mode eurrent generated.

As'sho'_wn in Figure 2-23, common-mode currents are virtually ellminated
by connecting both shleid nd transducer to the sante ground point,

N

. N J N Z J‘. N/

NO CONNECTION HERE /o
TO AVOID COMMON-MODE
CURRENT PATH

E

R'Eclomme-r:oc_p_ __

FIGURE 2-23
- Coxnmon-Mode Current Path Eum!mted

In Flgure 2 24 a bonded thermocoupie i8 connected to the lnpus of an
isolated DC amplifier, The shleld of the input cable lo the amplifler is"
eonnected to the amplifier internal guard shield which gerves as an exten-
sion of the signal shield within the amplifier. In addition, a ground line Is
shown connected between the data system ground point and earth ground of

. the test area.  This ground bus {s necessary In any Instrumentation system
~ which uses Isolated differential amplitiers for tWo reasons:

1, It serves as the earth reference for the recording system to reduce

high voltage hazards

2. It practically eliminates common-mode potentlals which would otherwise
exist between amplifler input and outpv.:t if the data system were totauy
earth grounded

Note thai the amplmer case and output shleld ls grounded at data system

grounding plate. This grounding technique, and'that showr for the 'slgnal

C2e37-
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Differential Amplmer With a ‘Bonded Transducer Input.

FIGURE 2-24

Conneciedq to Ground at Transducer Ground Point

.lnput conforms t¢ one signuicant grounding principle; the ellmination of

nolse 8usC

cpmble loeps.

Guard Shield -

1)
' } ' —  DATA
< J i.|> - SYSTEM
i g e _y"; J . Ao
' |b--J"__ ", ' i
' ' -] is0,
2/0 OR 4/0 GROUND BUS >'/ XFMR.LQ:
\\svsum
GROUND
EZ222727773  PLATE
Rccommmosn ’L;-;;l"

I grouuded bridgc cu‘cmth are bemg lnsh umented, careful consldemuon '
: . .should be glven to the manner in which they will be used, Figure 2-25 illus-
i trates a sirgle ch'umel grounded bridge tmnsducer with DC excitation and a
L 3'sin§,le-ended nmplmer. - '

it

=

N A
EXCITATIO

- GROUNDED BRIDGE

. _o— TRANSDUCER _
Y . O

-
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FIGURE 2-25 .
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Single Channel Grounded Bridge Txansducor ;o
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“The resiétor Ra can be shorted cut entirely in this method of groundlig,

thua destroying the characteristics of the bridge. By balancing the DC
excitation supply to ground, as shown in Figure 2-28, the entire bridze wili
then be balanced with respect to earth and the unbalanced impedmce pre-
sented to the ampllfier irput wili be due only to the ieg resistances in the
bridge.

Although a ground loop still exists its effect will be greatly reduced by a
balanced excitation supply to earth,

A signiticant movement over the above circuits can be achleved if an lso-
lated amplifier 18 used as {ilustrated in Figure 2-27, In this configuration,
two grounds can exist between the grounded transducer and amplifier with-
out Jdegrading system performance since essentially ho earth common-mode
generator exists between the two areas,

BALANCE EXCITATION '
1 " BRIDGE TRANSDUCER

t BN ey K
R, Ry | >
LA U

| | e

\ &

i

RECOMMENDED

e

Hi

: FIGURE 2-28 .
Bala.nced Method of Grounded Bridge Circuit :

" Some recommended pmctmes for use with grounded trﬂnsducers are given

be low 5

" 1. Ground shield and transducer at same point where passible.

2. Connect guard shietd of amplifier input to shie'd of sigml cable.

3. Use two conductor shleided cable where possihle, (e, g. thnrmocouple

" extension wires),

4. Connect ampimer output shield and lo{-) side to data system gfound b,loék._.:
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FIGURE 227
Bridge Transducer with Isolated Differential Amplifier.

Figure 2-28 Hlustrates a complete design of 2 grounded type thermdcoupie
system with ail major units in the nan&mlssion path from test stand to the
recording devxce.

Ungroundead Transducers - Shown in Flgure 2-29 are floating transduCers
which are {n commion use at many. rocket test faciiities, These are fivating
or unbonded thermegcoupies-and wheatstone bridge type transducers, 'The
grounding procedures applied to these transducers will be representatwe

of the requirements of most ungrounded transducers,

In the first two figures, Figure 2-20A and 2-29B, are shown two conﬂgura-- _
tlons of fioating thermocouple type transducers, Each transducer hasa
metallic enclosure and the enclosure is connacted to the shield, In Figure
2-29A, the enclosure or case is grounded, thys the shield is also grounded._ X
If the load on the signal line is a singie-ended ampiifier as shown, the

shieid should nnt be connected to the ampliffer,.. The shield must be grounded
at only one pomt preferably at the trunsducer end, as explained for greunded
transducers. However, ‘if the load is an isolated ampliffer as in Figure

_Z-ZGB,, it is not necessary to connec¢t any part of the circuit to earth ground,

Certain types of non-igolated differential ampiifiers require that a trans- .-
ducer ground path be provided for proper araplifier opu-atlon. The 1mpli-

©fier manufacturer should be consulted in this regard, -

- Figure 2- ZQC represents a typicai ungrounded bridge clrcult using an e*ccna- -

2-40
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. FIGURE 2-28
Grounded Transducer System
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“supply ure shielded by their Cases an; grounded ut the test stand gricad,

with the system ground bug and cable shizuds,
Design rules for using ungrounded transducers:
1. Use shielded twisted pair for thermocouple wires wherever possible,

2, Always pround shields of transducer input cables as near transducer is
possible and at only one point,

3. Provide a continuous shield "blanket” for all transducers and cabling,

4, Wren using an isclated ampiifier as a load for & floating transducer,
ccoannert pasra shield to input cable shield.

Figure 2-30 shows an overall bridge circuit instrumentation for a typical appliza-
tion where 1solated differentinl amplifiers are used as wall as a common DC -
excitation power supply for the bridee clrevits, )

2,2,1.2.2 Muitiple Test Stands

So far, only single channels have bee:_\ considert’d.‘ ‘Thi's is ra_rely'the case in
maode rn datit ins_trummxtétion systems, 1t is more common to use fiom 10 .
channels 107200 or more channels per system.  In somo cases, it.is evea pos-
sible 1o have two or more test stands with 100 or miore channels cach whizh can
be routed ov patched into the data system either simultaneously orat diffuieat
times. Normally, only one test area will be used at a time, This is revom-
mended since the separation distance between the two test aréaa van be several
hundred yards. This separation of grounds can develop a considerable common- .
mode voltage between the two areas and a different common-mode voltage will

" exist brtween each test area and instrumentation area,

If two or mdre teét areas are . 2ing utilized in.ore data instrumentation system,
different common potentlalb will be applied to the input of the data instrumenta~ -
tion equipinent as it is connected to each test area, '

As shown in Figure 2-31, a common-mode potential Ecm will cause a current {o

‘fiow through the low impedance sld_e of the bridge circuit of one channel and back
~ through the low imperdance side of the other chanmel. There are two approaches
‘to this problem: (1) use isolated differential amplifiers in each signal line with

high common-mode rejection ratios (one million to one is typical); and (2) use
switched ground returns from each test area. Inthe second method, a single
connection 18 made to the instri_xmentatlon equipment ground point fromn ail test
areas through a multi-position switch of sufficient size to carry the return
current as well as any fault current caused in the AC power circuit,

As shown ir\i"‘igure 2- 32 ‘a gfound lobp path for common-~mode curreat ie broken
by the switch, thue breaking the grouad loop from one test area to mmther through
the data system and ground bus wire r2sistance.
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Bridge System With Common Power Supplvy
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Earth Potentldls Between Two Test Area Grounds, Causes Common-made

Potentials in Instrumentatlcn
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Earth Potent!al Effects Between sest Areaa Eliminated by use of-
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In addition to the ground 10'0ps'betwe'en test a'reas, it is obvious that ground loops:
can also oceur beiween channels at the same test area, Precaution must be..
taken to insure that all shieids are isolated from each other, except at the ground
point, and that each channel is clear of any unintentionai grounds, This is easily
verified by lifting.all wires from common ground point and taking a. continuity
check of all iines and shieids to ground, Figure 2-33 shows a typical instrumenta-
tion system grounding design in which all recommended grounding techniques
requlred to obtain a "minimum-noise” instrumentation system are utilized.

2.2. 1. 2 3 Digital Signal Grounds

The increasing use of digital processing equhpment in data auquismon brings with
it many sow and interesting probiems which are not usuaily found in an ol analog
"systeni, Among them is the noise generated by very fast levei changes caused by

switchi.g eircuits within the system. A digital circuit operates by recognizing

the state of & two-level volmge or current signal, the speed of the system is

- therefore limited by the speed at which the ieveis cun be changed. As the speed

_ of the digitai systems are increased the noise generated by these very rapid ievel
. changes is also lncre'ised. :

Before an attempt is made to reduce this noise, it is impomnt to know where {t
comes from and how it is transmitted.

In the wh-'ing of a digital syster there exist puise waveforms which contain ligh
frequency compenents caused by such things as the system clock and trigger
puises used to change the state (binary. 1 or 0) of lugic elements. These wave-
forms are being transmitted between one point and another within the ioglcal
boiiding blocks of the system, Typicai systems have 6 V transitions from each .

binary ievel to the next which can occur in from 0.2 USEC to 10 nanoseconds, At ~

0.1 USEC, this transient would have a basic frequency companent of at feast

2,50 MC. The actuai puise rate of the logic-leveis may be occuring at a rejatively
siower rate, 100 KC to 500 KC for ¢xampie, It is the hlghe'l"frequency compo-~
nents of the sw'itching transients which are transmitted from wire-to-wire by the
 coupling capacitance and inductance between them. This type of noise cBupi-ing-

- 18 easiiy recognized by its dmerent!ated or "spiked™ waveform.

Ua typical logic waveform is emmlned Figure 2-34, a better understanding m'\y
be obtaired of the high frequency components which are generated,

The transient may be regarded as one-quarter of a sinewave, the duration of
which ig 0,4 USEC «nd the frequency of which is 2.5 MC. A typical waveform .

" would be a band of [rcﬁue ncies extending {rom the first harmonic up to 2. 5 MC,
Pickup in adjacent wiring is caused if the wmng has a xesonant frequency which
is within this band of lrequencies.

In Figure 2-35A a typical wiring conﬁguration fs shown with the wire- to-wh'e
capacitance Cl. In-wire (1) isa clock pu!se whose waveform is # squire wave
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: SR e ' Typical Wiring Conllguration ;
:pulse, wire (2) 18 located at a distance which determln_es the value of C,. The
equivalent circuit of the configuration, Figure 2-35B, showa the resultant i :
differentiated pulse in wire (2) as a resuit of coupling capacity CI' The capaci-
tance can b2 minimized by using a high dielectric constant insulation matertal
i on the wires and by using the thickest possible Insulation material, Teflon 18 -4
' _ recommerded, : ‘ L
[ 'Another problem frequently found in digital systems are those which operate . : :
i Z * ... using a synchronized pulse train (clock) which controls each sequence of its 1. b
et . operation. Because each pulse occurs stmultaneously and cceurs throughout. :
{ ] L - < : i 3 ¥ .,.' . tow A _- ¢ KA
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the digital wiring the instantaneous 2urreut at the rise and fall of each pulse can™
approach magnitudes in the order of 200 to 300 AMPS, Thls hlgh current at the
rlse and faif of the pulse creates a large magnetic field that will radiate throughout
the system causlng intermittent triggering of circuits which can upset thie entire
operation. This problem can be minimized if the cleck lines aretv isted witha -
grounded wire to reduce the magnetic field and cause a ¢oupling of a certain
~mount of the magnetic field to ground,

Because of the coup_ling problem lt is recommended that digital systems be wired -
using a point-to-peint method rather than routing signals in a bundle or neat par-
alleled cables. Figure 2-38 shows a phofograph of actual wirlng on the rear of a
typical logic card rack, -The po_int-_to-point wiring used In these card racks is
wtilized within each individual card rack because ali high speed logic, where pos-

sible, is conflned to within indlvidual card racks. This minimizes the use of long o

‘wires going from one rack to another carrying very fast rise time puises, Where
interconnections are necessary between card racks, they should be as short'as
possible and should always be made as a fan out from one polnt if the signal isto
be distributed to several points, - Since all points are effectively in pérallel withic .
the fan out distribution point, each line wil be shart as compared t0 the length of

a line which connects all the polnts as a series string. Since the inductance of a-
wire is directly related to its length, the overshoot and ringing (caused hy induc-
tance) can be reduced up to 75% by the fan out wiring method,

Because of tha capacitive coupling and magnetic fields resulting from the very fast
rise and falf times of digital puises every precautlon should be taken to minimize
the effects by twicting clock iines with ground wires and by point- to-point wiring.
to reduce capacitive coupling, The ground wires in a digital system are important
and ahould receive eareful consideration becauge they will also bé carrying the '
pulses. The ground wires cannot be considered at zero reference potential until

they reach the comnion ground point. Since the ground wire will have an Inductance -

and resistance, the current from the digital pulses distributed into the ground
wires will create potentiais alqng the ground wire Inductance and resistance, All
circults sharing the ground wire can be effected by these ground potentials (e.g.,

- 'sensitive trigger circulté). When many parallel paths In the ground wiring are
" provided, the ground current will be distributed and dlvided into smaller amounts
‘in each wire thus reducing the potentials along the wire, Therefore, a general

rule to follow in the grounding of dlgital' circuits is to wire each ground clrcuit s0
that it will have individual convergence to the ground point, Also the grounding

should foilow a treeing effect so that all branch wiring will run'to the main ground -

point without ferming closed paths.
Dlustrated in Figure 3-371oa wiring method that provides multipie paths to

+ ground by running a minimum of four vertical ground buses between lc'gi'c card -
" racks. Nearby ground circults are then wired to the greund buses forming a
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o i Gx ound-and Voltage Routlng in Logle Card Racks )
" treeing effect of ground wires. Power to the-card racks ls distributed between
card racks using a horlzontal laminated low Inductance DC power buses.

In an overall system where bofh-ahalog and digltal circuits must be housed {n the

' “same equipment cabinet, it §s lmportant to keep as much physical separation be-

" tween them as possible, e.g., at opposite ends of the cabiret,. The common ground

B 'pléte 1n the system can be located in the center of the cabinet or two-ground plates -

i

‘can be utliized, one for analog ground and one for digltal ground. These iwo ground

: pla(es must then be tled together witn low Inductance ¢ ‘.onnec.tlon's and then tied to
‘the system ground bus hne described earlier. A typical gr ound plate lnstallatlon
ina small dlgltal system is shown in Figure 2-38. . ke ’
Each card rack uses a horizontal, laminated low Inductance pov.rex- strip. POWer ig
distributed between card racks with a vertical power strlp on barriers. To effec-

-tlvely reduce overall Inductance ot the ground further, at least four wires are used g

between each card rack ground .
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2,2.2 SHIELDING

Shielding may be necessary to elther keép various slgnals or nolse confined within
certaln limits or it may be necéssary to keei) various slgnals or nolse out of a
certain area, such as low-level instrumentation cables, In order that effective
shieldlng be provided, ihe type of the slgnal or nolse which s belng shieldlng must
be known, e.g., electrostatic flelds, or electromagnetic flelds, Each of thoe
have been discussed eartier and more data may be obtained by referring to refer-
ences tisted In the Bfblicgraphy, o

Electrostatic fields have a’ characteristic which make them rather stmple to shield

agalnst, Electrostatically induced current Ina shleld must flow through the sur- -
face resistcnce of the shield and will not penetrate the shield if It is a fairly good .

.conductor, Thus, n instrumentation cables it ls common to find copper braid or
. ‘copper stranded wrap as an electrostatic shield. There are several good forms

ol electrostatic shields availabte for cable manufacturers, amaong them are
stranded copper braid, stranded copper wrap, and double braided shields,

' Eleutrostatlc flelds predominate over magnetlc flelds in most instrumentation aveas

and the use of 2 copper bralded mesh shleld is falrly effective. However, if there
are magnetlc flelds present such as those generated by high current transformers,
and hight current AC power circults the copper braid provides little shielding ef-
fect, To be effect!_ile agalnst xﬁagnet-ic flelds a conducting shleld should have 2
thickness that Is:several times the skin depth & :

Where 6 = 5033 ¢/ p/uf

& = skindepth

P = resistlvity-df conductor, ohms per centimeter cube
1o (requency, ‘eycles per seccnd g '

u = mapgaetic permedbmty of shteld materi’al (permeabmty of 'nr

‘equals one), for low flux densltles g 1s the initial permeabllxty.
For co;:per at 20 the .;kln depth is .. ;

4662
T

The attenuation of a magnetic field whose ﬂux is normal to the conductor (slueld) is

6 (cm)

Shield attenuation = 8,69 ;‘ db

a = shield thickness, -cm

] ] =' slgin depth
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Magné‘tic flux which attempts to pass through a low resistivity shield, suck as cop-
per or aluminum, induces voitzges which cause eddy currents in the shield, Thesef
y addy currents appose the direction of and tend to prevent the penetration of mog-
o‘é netic fieids through the shield. The eddy currents are a desired effect In.any iow
) resictivity magnetic shield. Ifa joint, break, or hole exists In the shield, its ef-
~  'fectiveness is reduced, '

«+ A high permeability ferrous materiil such as iron is the best magnetic shieid be-
cause magnetic flux wili actuaily be absorbed by the ferrous material, The iron

. ’;'> -or iron alicy will have a iower reluctance (resistance to magnetic fiux) than air

causing a magnetic field to be attracted to it. The higher the permeability of a

material the better magnetic shield material it is, nickei-iron aljoys nave perme-

abiiities in the range of 10,006 t- ),000. The permeabixity of a magnetic mate-~

riai.is a ratin of the {lux density .. the magnetizing force, B/H.

e i e T O SR S SRS R T OV

Shielding of power conductors is a method which may be used to attenuate both elec-
trostatic and eiectromagnetic coupiing between power conductors and suscept.ibie.
i+ data acquisition system conductors. :

Of the various wiring methods avaiiabie to the facilities design' engineer, many

surround the insulated power conductors with a grounded metaliic enciosure for

i {  the physical protection of the wire or cabie, The shieiding effect of this enclosure

1 can be put to good use in the design of a test facility, The mretallic enclosures
used to protect power conductors may be cyiindricai or rectangular, smooth or

{7 . corrugated and may be part of a campiete power cabie assembly or may be a sep~

; \ arate conduit or duct into which the condurfors are puil_ec}. The enciosulre' may

: vary in thickhess from a 0.005 inch thick spiraiily wrapped metal tape to a conduit

wali 1/8 inch thick, The materials in common use todgy are steel, alumiuum , and

cop; er, i '

e Y B Sy e

" The eleutrostatxc coupiing between powez conductors and other physxcally paralieied

i ' rounding the power conductors, The contajament of the electrostatic fieid Is not

i dependent upon either the thickness or materiai of the conducting surface 50 iohg .
as the surface presents a iow impedance to ground at all points and completeiy
surrounds the power conductors,

.t The electromagnetic field 2t power frequencies is only partiaIIy attenua_ted Ly a
P metuiiic enclosure and the degree of attenvation depends upon the material and lts ,.
| thickness. The shieiding effect is proportiorai to the permeability of the materiai
Ll . and varied directiy, though not lincurly, with the thickness, (As the totai thick-
" ness increases, a unit incremental increase in thickness resuitg in a diminishing

! . increase in attenuation.} It foliows that a ferromagnetic enciosure is a far more -
i  effective eleciromagnetic shieid than a non~ierromagretic and that thicknesa isa-
.desirable characteris"ic,
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Of all of 1ho conductor enciosures available to the test faclity design engineer, ’
rlgid steel conduft mast closely approaches the ideal shield. Inorder to delermine
the effectiveness of rigid sieel conduit as an electromagnetic shield at power {re-
quencles, lasts were conducted which compared the magnetic {ield strength near
unshielded conduciors carrying a-constani 60 cycle curreni against the same coa-
ductors instalied in steel electrical nietalifc tubing (thin-wail) and rigid steef con-
dull, It was found thal the electrical metaliic tubing attenuated the ficid approxt-
maiely ~7 to -B db while the rigid steel conduil provided -18 fo ~18 db attenuation,

2.2.3  PAIR TWISTING

As described in Section 2 under Electromagnetic Raiiation, magmetle fields can
pencirate the area bejween two conductors and induce a potential in ap {astrumen--
tation {ine, If the area between the two conductors could be reduced 1o zerv, the
induced vollage wouid also be reduced to zero, However, {he insulation around

the wires prevenl a zerc area between the conductore, Coaxial cable accotmpiishes
an effective zero arca by surrounding one couductor with another gonductor. The
other conductor {s the shield and is grounaed jo bleed off stray currents, H the
shieid in & coax Mne 1s oas side of signal stray currents will cause noise errors

" in the meagurement,

1f a fwo wire tranemission line s twisted, the voltages induced in the Ilne will be
proportional to the area between the conductors. Figure 2-39 fllustrates {hat
twisiing will reduce ths area between the wires. Shown is a twisted pair o* wires
‘{erminated in a resistive load Ry and connecied to a source with an 1ntemal {m-
pe—dance cf Rl A uniform magneuc field 18 imposed upan the wires,
g

! N
. X R
M} .;./l

FIGURE 2-39
Area Behvecn Conductors Reduced by 'rwlutlng

A current wm bc Lnduccd in the circutt proportionil to the circutt loop :u'ea and

the rate of chnnge of the magnetic f{eld. It can be ssen that-eack loop or section
will have a {inite arca which {s uuscepuble to induced voltages cavged by the im-
pinging magnetic {ield. As the wires are bmughl cloger jogether by t\vlst‘ng, the .
loop arca is reduced ‘md the. lnduved valtage will atso be reduced, =
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. fect of equal and opposite magnetic flelds,’

L e e banaie

When & maguetic ficid is created around the wires due 16 a current flowlng in the '
wires, then each loop will have a magnetic fieid equal in’mgnitdde biit opposite
in direction. . Thus, as the wires are brought cioser together the fields will tead
to cance! one anothsr because the fields produced by each wire are in opposition
" and the opposing force will effectively cancei the fieid. ’

It is a common practice to twist ail instrumentation wire in order (hntg‘cjexta'i'n

" amount of magnetic field rejection can be achieved. Likéw_ise, it is highiy recom-

mended that ail power circuits which distribute 60 cycle AC power to the instru-
mentation equipment be twisted with as many twists per fout 25 possibie, The

more twists in the wires the iess wili be the effective area between the conductors. -

The area between the wires is iimited by the insulation thickness around each wire.

Actual tests'diéciose that twisdng of tranamission line pairs can reduce roise due
to 60 cycle pick-up by significant orlers of magnitude. :

A type of wire is available which offers a marked finprovement over the usual
twisted pair of wires (see Figuie 2-40).. This wire i zﬁ:tually weaved not twisted,
and conslsts of four wires, The weave I8 arranged,éo thot two interlocking iocops
are produced. To form a two conductor cabie a pair of wires dre connected to-
gether at both ends of the cable, thus forming one conductor. The other palr of
wires are connected in the same way forming the other conductor. This meansa
smaller wire size can be used in-each conductor with a greater degree of {iexi=
bility in the overall cable. The electrical advantage is that much tighter loops are
formed hetween each conductor, and the weaving process aids in the cancetling ef-

CONDUCTOR A

. FIGURE 240
- Weaved Cably .
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However' Cériain tests show it

LIRSS

Not much information is avaiiabie on this wire,”
to be several orders of magnitude better than the twisted pe.ir coniiguration in re-

jecting raagnetic fields. One manufacturer of this cable is Magnetic Shleid Division
of Perfection Mica Company, Chicago, Ilinois. The cost of this wire is refatively
Kigh and 1ts use wiil be determined by the magnitide of the magnetic ficlds, !

2.2.4 ISOLATION ‘
Isotation is & means of praventing ground loops whlch may carry noise producing , '
currents. The underiying philosophy of isolation Is to electrically isolate the In-
strumentation system (AC and DC){romearth. The syatem itself may be regarded
then as "floating'. Once isolation of the system is achieved then the system is /{
connected to earth through a single ground wire. Al other external connections

to tive’ system (powex, control, data) shouid be made through an approprlate iso-
lating device., The basic methods of isolation are described below,

2.2.4.1 Isolation Transformers

The transformer is a simple means to provide system isolation because il does
not readily couple energy electrostatically from primary inpyt to secondary out-
pui. This transformer characteristic is iliustrated in Figure 2-41,

_ # 0 ~ DATA
Sovkee e g SYSTEM
o

St ISOLATION
' . TRANSFORMER

T T i, e ————
.o .

NOISE GEHERATOR - f .
L rry :
FIGURE 2-4t -~ . =0 T
Isolation by Transformer T
2-58 {
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Note that currents resulting from noise voltage would be significantly greater were

the isolation transformer not present in the power input circuit. éfltbough a simple
transformer does provide {solation, it can be significantiy -lmproved by the use of ;
primary and secondary shielding, . i

Figure 2-42 shiws how noise can be transferred from primary to secondary, The.

: primary nolse is rpresented by a noise generator between a long lire such as a

power transmlssion line and ground. Because a powr - line can come from great

- distances it can bring with it a varlety of noise such a - radio and television signals,

ignition static from automobites, switching arc notses, and lighting. To keep this
noise from reaching the secondary o conducting foil shield is placed between the
primary winding and the secondary winding and grounded. This tvpe of shield is '
electrostatic-and is called a .Férada'y shield, The shield does not significantly af-
fect the magnetic coupling of the transformer. The purpose of the shield s to offer -
a lower impedance path from the primary to ground than from the primary to the
secondary wlndlng_. Electrostatically induced currents are therefore carried to
ground rather than through secondary circultry.

PRIMARY ) SEGONDARY - :

O~
w FE D !
[
5 INPEDANGE
INTERLINE , :

F CAPACITY LOAD
o- : = _aosE, .
§
| NOISE - i : o
o (GENERATOR R |
g
'FIGURE 2-42

" Transfer of Noise Through Transtormer Wlndingo

Since the shield may not cover the entire primary or secondary wlnc_ﬂngs_, there'ls :
a fringing of electrostatic fields around the shield, Because of this fringing #ffect,

- noise can still be coupled across the windingu. By enclosing the primary winding

completely in a shield, as illustrated in l"‘igure 2-43, -the fringing can be reduced [LF o
This type of shield s called a box shield. '
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Faraday Box Shielded Trarsformer

This type of Faraday shieid reduces to an absolute minimum the interwinding ca-
pacitance from primary to secondary. Production transformers are avaiiable
which have interwinding capacitance less than 0,005 pf and with leakage re sx.;tance
in excess of 10,000 megohms, 16

A double shieid around the transformer windings effectively 1ncreases the winding
impedance to ground or nearby shields thereby increasing the noise rejection ca-~
pabilities of the transformer. The second box shieid, shown in Figure 2-44, is

called a guard shield. The guard shield can be used on the primary or secondary' :

; winding or hoth depending upon the ch cuit requirements. The usefuiness of a

guard shieid is shown in Figures 2-45 and 2-46, A Faraday box shieided trans-
former, shown in Figure 2-45, uses a fioating rectifier bridge network, The.
bridge has a high leakage (isolation) impedance (R) to ground, The secendary box

2 shieid is ¢onnected to earth and the effect of the winding to shisld capacitance C

" 2-60

Cz will be to shunt the high leakage impedance of the bridge, The power supply

wiil then become more susceptable to noise pick-up throu'rh this iower impedance.

By placing a second box shieid, the guard shield, inside the first shieid (see
Figure 2-46) and termirating it to one conductor of the winding, usualiy the center,
tap, the guard shieid will then take on the potential of the winding thereby return-
ing the winding-to-shieid capacitance back to the winding and greatly increasing
the impedance between shieids, Thus, the windmg-to -earth ground impedance ap-
proaches that of the leaknge hnpednnce of the brxdge network
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Box Shielding on Primary and Secondary Windings
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FIGURE 2-48
Guard Shield' Used in Secondary to frerease Isolatjon Impedance
to Ground in Secondary Cireultry
Advantages of using box shielding over the primary and secondary include, pre-
vention of noise from going in either direction (from prireary to sacondary and
vise versa), and Increased capacitance between ghields provides a lower imped~
ance path to ground for noise, and the guard qhield greatly increases the isolation
impedance of the windings to ground as well a5 across the windings,

- It 18 recommeaded that Faraday box shielded tmnsformers be utilized in the fol-

lowing {nstrumentation applications:
1. Instrumentation DC power supplies: ,
) ‘2, Signaf and chopper input trargformers ln DC low level data amplifiers

" 3 Primary AC power for an 1nstrume_antation_on system to block power line

noises caused by motors, relays and other sources as mentioned earlfer

'.It may be adviseable in cases of extreme noise enviromnents to ghield the mdin
: facﬂity electrical service transformer(s). Large transformers can be designed

and manufactured with electrcstatic shielding between windings «% an mcrease in'
cost. of approximately 25 percent

i 5 s e T e = 2 i o S

g

"'I‘able 2-2 specifies the types of 1solation transformers which are in common use,
_ For more specific information concerning the epecifications and testing of trans-

. formers refer to the article given in the Bibliography titled, ""Specification and
Testing of Shickled Transformers" by Bernard I. Sommer and Gerald W, Plce.
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“we Transformer Type | Parameter Typical Value - Remarks
|1, DC Power Supply | Voltage Primary = 113V i
TR . ’ ‘ Secrandary = 50
ik : to 115V
- % :
Frequency %0 or 400 CPS
1 DC Current 100 to 450 MA
L 0 | Rectitier 2nd _ , : i
! 3 . ‘ Filtestype ‘ Fulf wave e
% Guard Fyield? , Recor endcd
i for F .ting e
Power Suppiics i
2, Input and Signal -Bources & Load Source = 1K
Line Impedaace Lood = 1 MEC f
T requency Response 1 KC to- &
Dower Level 10 to 100 MV - g
, Muxmur Capaci- | b
fance between s : §
Windings 0.02 pi i
Commoa-Mode ' . ' ;
. Rejection 130 db ;
: Magnetic Shielding ' | Usually recom- ;
oy required? .} mended for low 2
e ' . level signals .
Ly c , —— » 5
3. Isolation, Power Voltaga 115v - :’
I8 Fregquency 60 cycle e ;
i . o 5 ] S e
0 . Volt - Amperes 50 to 2500 ] ) o i
.y || Working Voltage 115V i :
11 ' © | Maximum Capacl~ &
g el tance Between ¥
: L Windings 0.1 pf !
‘7 £ e Common-Mode ' . o .
y SLy ' B A Rejection 130 'db W@ G
. . [The following items shu.ld also be considered in speciyiuy transformers: G _ ‘
; : ‘0 Maximum case dimensions 2
s Mounting requirements 4
Environmental Operating condition i
i [ o h g -~ TABLE 2-2 * i
e : " 'Typee of Isolation Transformers e
L - 2-63 |
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2. 2 4,2 Spatial Isoiation

Spatial isolation is denned as physical separatlon of power equlpment (and cther
noise sources) from the instrumentation system, It is, in most Instances, one of
the simpiest and ieast costly means of decreasing coupling between the power sys-
tem and the instrumentation svstein. Electromagiietic and electrostatic coupling
(e.g., energy radiated from arcs and corona) decrease rapidly with increases in
physical separation between source and susceptable circuit, Mo_si planned test

Iacliitl‘es have adequate space availabie to permit considerable separation between -

power conductors and data transmission conductors, as weil as between eiéctrical
power equipment-and data acquisition system equipment. However, spatiai isoia-
tion is sometimes limited by the physical dimensions of the .‘ak:lllty.where power

" and instrumentation systems must be instaiied together aboard an alrcraft or in
confined quarters, In each case, if the design agency is aware of spatial isolation
throughout the eariy phases of planning and design, maximum separation of the
electrical power system and the data acqulsltlon systcmn equlpment and conductors
can be achieved wlth little increase in cost,

Providing 'separate and independent etectrical services from the utility power sub-
statlon for the power systent and data acquisition system in a rocket test facility
shouid be considered where severe trancients and disturbances are anticipated on
the faciiity power system. For examplé, starting a large motor on the facititv
power system wili cause a sudden momentary drop.in voitage. A drop as large
.as 15% can be tolerated in power system design practice but may cause drift in
electronic equipment. The voltage drop zaused by the starting of a large motor
can be decreased but not eliminated through the use of reduced-voitage starting

. techniques. Appiication of fast response voitage reguiators-in the electrical sup-
ply to the data acquisition system equipment will afford a faster recovery to nor-
mal voitage but will do iittle to iessen the initial and transient drops. Transieits
can be greatly reduced by us.ng ilne futer‘ with low pass chdr actemstlcs. ]

The sudden drop in voitage is caused by the iarge surge of currert (required bx a
motor at start) being drawn through the impedance of the utility system, such as
the main transformer i..nd bus, tircuit breakers, éabies, and other items which
make up the facility power distribution system, Of these jtems, the main trans-
- former u'sualiy constitutes the largest sh\gle'lmpedance in series with the motor .
and, therefore, causes the 1argest portion of the voitage drop. (An exception
mlght occur if the utility system were small or where the test facility 1s served
at the end of a jong iine,) . If the data acquisition system were fed directly from
the utliity system through a separate transformer, the data acquisition system
would not be subject to that portl,on of {,.2 voitage drop caused by the main trans-
former and the faciiity power distrlbution system, The separate service would
not, of course, eiiminate that part of the drop caused by the effectlve utmty sys-
tem 1mpedance. ; :
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A secondary advantage provided by a geparate gervice transformer would be the
attenuation of conducted radio fretmency noise originating in the facility power
system,

Points which .'r_mst be considered in investigating the desirabi'ity of a separate
service are the extra cost of installatio:., the higher cost of electrical power if

the secund service is received direcﬂy from a commerciai utility, the expected
_frer'uency and'severity of transients andi disturbances generated within the facility,
and the degree of isoiation from voitage drop that can be achieved, taking into ac-
count the relative nnpedances of the utility power system and facill ity main trans-
former. Note also that, while a measure of isolation is provided from conducted.
radio frequency neise originating within the test facility power system, no attenu-
ation of conducted noise originating on the primary utility system wiii be provided =
by installing a separate service, Ho‘.vever,' high f requenéy noige originating on the
primary utility can be reduced by the use of low pass line ﬂltering in the instrumen=
tation servwe iines. "

A second meaus which can be empioyed to prOVlde 1solatlon of the data acquismon
system eiecfricai supply from the faciiity power system is the use of a motor-~
generator set to supply the data acquisition system., Use of a motor-generator set
wiil completely isolate the data acquisition from conducted radio frequency noise
originating in the faciiity and utility power systeins and will almost eliminate volt- |
age drops and disturbances. The major drawback to this solution ig the high first
cost and the increased maintenance required by the rotating equipment, ,

2,2.4.3 Equlpment Isoiation

" Al the proper gmundlng procedures as discussed eariier is of little value if the
measurement system or test equipment is ailowed to introduce ground ioops and
extraneous noise into the measurement. It is not uncommon to see a failure in an
elaborate test set-up becauge the noise level is greater than the desired signal
levei, Often it is found, after through troubie shooting, that too many grounds
were piaced #n the 'measurement circuit and ground ioops were formed between .

 test Instrument, measurement circuit, and earth ground. ; o

Isolation of certain parts of an instrumentation circuit are mandatory to prevent
ground ioops and interaction with other circuits, Equipment isoiation ¢an accom-
plth a part of this requirement by estabiishing a single point at which ali equip~

ment cabinets are to be grounded and "floating” ali-equipment except at the common - -’

point, It is necessary that_all ground wires connected to the common ground point
do not connect with other similar ground wires at other points. The ground wireé
wiil form a type of tree with ali branches steming from the trunk outward with no -

-~ connection made at the other end, The common ground point ¢an be piaced. in one

~ cabinet or bay from which ail other cabinets or bave are connected, The ground " -
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point should be sufficiently large to allow many wire connections and of very high. :
conductivity so that a uniform potential may be maintained therein. A rectangular -
i copper plate of approxirately 6 inches x 8 Inches x 1/2 fich Is usually sufficient
for thls purpose, Wires can be fastened to the plate by drilling and tapping holes
" to allow bolting of wire terminals, In Figure 2-38 a ‘ypical ground plate is shown
installed in a small digital data acqulsition system. in-crder that the ground plate
be isolated fro:n ground it {s mounted on fiberglass ‘nsulators. :

< ol g

5

The equipment cabinets may still be in contact with the grou...,. However, thls can * -
be a serious limltation to the grounding system design.

Figure 2-47 shows a typical teat cenfiguration without cabinet-to-ground isolation,..
The common-mode voltage (noise generators) present in the earth will cause un-
i '. desired ground loop currents inr the instrumentation llnes because of the potential [
" 'differences at the two ground polnts. Tais common-mode voltage can be eliminated o
by isolation of the equipment cabinets from ground. Isolation can be accomplished .
) by non-conductive strips or sheets of plastic such as Iiberglass impregnated w:th
; epoxy or sxmﬂar material,

Figure 2~48 s,hows an actunl installation of an equlpment cabinet which has been {
bolted to a metal base using nylon bolts with sheets of fiberglass insulation between’
the cabinets and metal base, Inthis way, all the equipment is floating except for
one intentlonal earth ground connection using low resistance 2/0 or 4/0 insulated
copper bus wire from tlhe cabinet ground plate to test area ground point as shown
in the Figure 2-49, '

This provides only one polnt where the entire.instrumentation system is grounded,
thus eliminating each common-mode voltage witnirthe system,

The isolation of equipmeﬁt cabinets during system design and manufacturing is
relatlvely slmple compa.red to the Isolation of equipment cabinets in an existing
Rt facxlrty. Isolation of exlsting equipment usua.ly means an extensive overhaul of '
' “equipment and an e.(haugtive check that unwanted ground connectjons are eliminated
and correct ground plate connections are installed.

Metal conduit must also be.glven conslderation in properly lsolating a system, If
; instrumrentation cables and/or power cables are connected inio the system through.
metal conduit, precaution must be taken to insure that no electrical rontact is
 made between the conduit 1nd the equlpment cablnets, If a distribution panel is pro-
. vided for power ewitching to the cabinets, a PVC type conduif may be used between
the panel and instrumentation equipment. Conduit used for instrumentation cabling
- can be fastened to a bulkhead or support member of the buﬂding to avoid cablnet-
to-conduit contact. : i
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N FIGUBE 2-47
* System Witiout Cabinet Isolation

Cable tra, 5 are used in many test facilities to support instrumentation wiring run-
ning from te_st area to instrumentation area, Like conduit, cable trays should
never be electrically connected to the instrumentation equipment. Cable trays
and conduit present a2 problemn to low-level instrumentation tecause each one is
usually well grounded to earth, Because the instrumentation cables have a finite
ammount of leakage impedance through the shields, the closeness of the cables to
the conduit and cable trays then provide a possible source of common-mode volt-
age being coupled into the instrumentation. It is therefore recommended that’
grounding ~f the cable trays and conduit follow ttxe_san_m ghilosophy as groundlng
of cable shields, That is, earth ground the cable tray and conguit (if possibl .).at

" only one point 80 that the’ couphng impedance to the common-—mode voltage will ve

as large as possible.

The conduit and cable tmys may be isolated frozu gi*ound bya ﬂnvl >covering 'ove.x_-

the éonduit and by using non- conductive mount ings on the cable trays. The ground -

* point to earth 3hou1d be as near the test area (transducer) ground as possible.

2.2,5 Bonmno_fv

Electrically mating (bonding) of metallic surfaces to insure electrical continuity
to ground of the non-current-carrying portions of electrical equipment and con-
ductor enclosures Is one of the most importart ingredients of a good grounding
system design, - Bonding is also the most often abused of the grounding require-
© . ments. An impmper bonding of equipment will be subject to mrrosinn and me-
: chanical stress.» i : e : g
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. . . FIGURE 2-48 : B ,
Equipment Cabinet with Fiberglass Insulation Sétwaean Cabinet and Base
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Isolation Data Systems With Ground Viire to Test Area Ground

The purpose of bonding 1s primarlly one of gafety to perscnnel,

closures of conductors and equipment are provided with a low Impedance path to

ground, a difference of potential between the enclosures and ground cannot be de~
veloped due to an insulation {aiture withln the enclosure, Conversely, if the im-
pedance of the enclosure to ground is high, a person contacting the enclosure and
ground, followmg an insulation faﬂurc cruld recolve a lethal shock,

A bond xr.ay conglst of the metal ~to-meul contact between a length of metallle con-
dult and a condult coupling, the metal-to-metal contact between an equipment en-
closure and structural steel or, a bond may conslst of a separate jumper wire be~

tween enclosures beecause the physical conﬁgvratlon between enclosures to be elec-
. trically joined doues not provide an adequate low impe'iance connectlon.

The Code permits the use of non-metallic enclosures for power conductors such
as non-metallic condult and non-metallic sheathed cable under certaln cordltlons.,
However, general practice ina test fnculty would be to uge metallic enclosures
over lnsulated power conductors such as metalllc conduit, armorod cable or sheet
. meta! wireway, © - - - :

Al metallic mnt.ng surhces end commctlng hard\vam must be constructed of gal-
vanleally compatible metals, gee Table 3-3. When u'more noble motal is jolred

ton less n,oble. metal, electro-chemlcal corrosion will oceur,

,,,,,,,,,

This simple battery
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Corroded end (anodic, 18-8 Stainless (active) Silver zolder

or ieast noble) - 18-8-3 Stainless (active) Nit_:ké.a.(pa"ss-ivé) }
Magnesium ' Lead-tin solders ©°  Inconel (passive) |
y_aﬂwgghy_n;g_ngyg_ ' ‘Lead & Chromium-iron (passive)
Zing ; . Tin 18-8 Stainless (passive)
- Aluminum 25 “Nickel (active) ) 18-8-3 Stainless (passive)
Cad'xhium ' Inconel (active) Sitver_
Aluminum 17ST Brasses - - Graphite
Steel or Ircn Copper . Gold
Cast Iron_ Bronzes ' Platinum
Chromium-iron (active) Copper-nickel anoys Protected end {cathodic,
Ni-Resist . Monel or_most noble)

Note: Groups of metals indicate théy are closely similar in properties.

" TABLE 2-3
Position of Métals in the Galvanic Series

cell actiun produces a high corrosion rate on the iess noble metal, while the more
noble metal remains un harmed, Also, coating of the noble metai with its less
nabie counterpart will result in mechanical weakness as weil as a high impedance
jolat. Infact, a recilfier of soris is formed creating all of the problems relative
to harmonic geneiation. g

Metaiiic mating surfaces which are suscéx’:’tible to oxidation must be proiected by
appiication of a protective coating around the entire periphery of the mating sur~
faces, The electrical impedance offered by oxide films formed over an eﬁtended
period of time can be quite signiﬂcant relauve to overall desxgn impedance of the
grounding system.

Electrical connections between.met:m’ic r_nating surfaces must be unplemented in
order to realize a rigid and low impedance contaet, Some of the more important
mechanical consideratlons are as foliows:

" a. Matig surfaces of metallic members should be welded or brazed around .

the entire periphery of the contacting area in all cases where po:sible and 'R
practical, .

b.. In iieu of welded or brazed connections, boited sections may be used.’
Boited sections must b2 implem nted to insure: (1) a consistant contact _
pressure over an extended period of time; (2) minimad crevice area around
metailic mating surfaces; and (3) a high resistance to atmospheric corro-
slon over an extended perlod.of time, It is recommended that pnlnuts be

~used to maintain a permanently tight joint. '

2-70
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..gf - €. Rivets should not be used 2s-an electrical connectlon on metaiiic mem-

- . bers subjected to fluctuations In stress or ‘stralncor minute movements ‘

g‘ of the bond connectlons. . : g . i
11 d. Protectlve or non-conducting coatings must he removed from the contact

area of all mating surfaces before the bond connection 1s made.

i 22,8 COMMON MODE VOLTAGE

A common-mode voltuge - 2 voltage appearing on each line of a two conductor
slgnal wire and a common reference point, usually the system ground ~ can re-
sult from many sources such as electrostatlc fields, inductive fields, ground
potentials differences, etc. It is important to note that a common-mode volt-

age is a voltage which appears between each signal wire and the common ground
(see Figure 2-50). : ’

Eem=V1™ Ve ) SYSTEM
7 \
E‘ ! g / . - ;
77
e BUs & i m FIGURE 2-50 o :
Nl S R - Common-Mode Voltage

i ' Although thls common—mode voltage appears at the {nput to t‘xe differential ampll-
i fier, the amplifler will only amplify the difference voltage between the two input
s wires, Thus, the output of the amplifier will be zero volts 1! V - Vz. This {5
often not the case since 1n some transducers such as thermoccvuples Ry and R.2
are not equal because of the wire or transducer reslstance variations, A certaln
- fraction of the common-mode voltage is therefore converted through the fmped-
ances in the slgna.l line and the unbalance tmpedances of transducers into a -
. hormal-mode voltage. This conversion 18 commonly called common-mode-to- .
' normal—mode conversion. The-normal-mode voltage {s the voltage which appears
between the slgnal wires only., A measureof a circuit or a.mplmers ability to re-
. Ject thls converslon {s called the CMR (Commoq Mode Rejection) ratio. The CMR - .
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ratio is defined as tha ratio of the common-mode voitage (Ecm) to the resultant’
converted normal-mode voltage (B Yo

In high quality instrumentaiion differential amplifiers the CMR of the ampiiﬂer in-

put circuit is generally one million to one at DC to 60 cyclea AC, In most cases,
CMR will decrease in magnitude as the frequency of the common-~mode voltage in-

creases, The reason for this is due to the impedance of the coupling which is in--

versely.proportional to frequency. CMR values for data input sistems are often -

. less than one million to one by a factor of two or three hecause multipiexers and
other input clrcuitry will tend to degrade system performance due to the presence of

capacitance in connectors and switches external to the amplifier,

The comfnon mode to normal mode conversion should be analyzed further in order

" that effective measures may be taken to Increase the CMR of an Instrumentation

circuit or circuits, The conversion process varies in accordance with the individ-

~ual patameters of each instrumentation system such as ifne unbalance, lengil of

Instrumentation cable, type of shielding, etc.. However, the conversion process
can be approximated by a lumped parameter system as shown in Figure 2-51,

Q

Lz _ z,l

=
FIGURE 2-51
Common-Mode to Normal- Mode Conversmn Equivalent Circult

R1 & Rz = iumped line reslstances plus any tranﬂducer unba.lance ;

Z1 & Z, = leakage impedances to ground

For ease of analysis, Figure 2-51 can.be redruwn as shown in Flgure 2-52.

_ _ 2
Fum® Fem W77
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FIGURE 2-52
' Simplified Common-Mode to Normal-Mode Converslon

As defined earlier the common-mode rejectidn_ ratlo is a ratie of common-mode
voltage, E_ to the resultant normal-mode voitage, E__or’

on » Fem (R + 2Ry + 7))
: Enm LIRQ'- Ldail

nm 3

From observation of this equation it can be seen that the CMR can be increased by
making the denominator approach zero, Z1 = 22 and Rl = RZ Since Rl = R2 1s
difficult to realize in a real system, a more realistic solution would be to make

the leakage impedances much larger than R.l and Ry, assuming Z1 = Z2 = Z then
CMR 1s

R, + R,Z ¢ R, + az
p + Ry

" CMR »

Since22>(R1R2, R,Z, Rzz) : =

ThenCMR Cn il _ T i

-Therefore the iarger the leakage impedance and die smaller the unbalance imi:ed- )

ances of the line the greater will be the CMR.

The most practicable method of obtaining a hlgh leakage 1mpedance is the use of
shielded instrumentation cable which kas a shleld coverage efflciency of 100% (see
Flgure 2-53). A typical copper brald shield has a shield coverage of abcut §0 to

- 85%.  Copper wrap shielda offer a slightly higher coverage but after the cabie has

been mechanically distorted this coverage falls off rapidly. The aluminum foil

" type shielded cabie provides the best shleid coverage available today. 100% cov=

erage 18 poesible with the foil shlelds, Care must be taken in buying and specify-

80 that no discontinuities will occur in the shieid coverage, A 50% overlap should’

 be specified a8 a2 mInimum. Table 2-4 {llustrates a general comparlson of braided
'shleid cables and foii shlelded cables. :
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FIGURE 2-53 ;
Shielded Instrumentation Cahle

Assune copper braid shleld coverage = ‘90%

then wire-to-shield capacitaice = Cl = 50 pf/FT

and wire-to-ground leakage sapacitance = Cy~= pf/F'I‘
2.2.7 LINE BALANCING

As exylained in the previous séction a normal-mode voltage converted ivom a
common-mode voihge wiii not usually be rejected by an instrument because it
recognizes the normal-mode voltage as signal information. Therefore, the con-
version of common-mode voltage to normal-mode voltage must be prevented, -
Thls form of conversien Is a particularly difflcuit one to cope with because it is
common for unshielded thermocouple extension wires to be run in conduit where

- the capacitive coupling from wire to condult is quite high. The. wire to conduit
capacxtance has been meysvred as follows-

(Usmg 22 gage 1.C. duplex parauel in conduit)

One pair th 1/2 inch condult, each wire to condult = 0.0015 £/100 ft.

" One pciir to 30 pairs in 3/4 inch condult, each wire =0.0030 /100 ft." .
A gt;od isolation.transformer = 0.1 pf .

Since each extension wlre has a different resistance, the phage shift and attenua-
tion in each wire wili be different. Therefore, a signal difference between the wires
will appear as an input signal to the load circuit or amplifler, Table 2-5 gives the -
resistance unbalance that exists betwe :n the extenslon wires of most common
thermocouples. 3
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: . Contact
.} AWG Leakage Shield | Resistance
T Drain | Shield % | Cap., [Cap. Resistance | of Foil
I AWG | Wire | Coverage|pf/FT|pf FT ohm/1000 Ft | to Drain
i Alumlnum B R 1]
. Foll ; Wire- :
i Shleld 22 18 100 Jto- -} ..008 16 0./ohm/FT
: _ shiéld | .
: Copper 72 i
Braid ) Wire- :
i Shield - 22 90 to- 01T pf 86.0s8
i i chleld :
= g TABLE 2-4
i %, . = .' - .
i ©" Typleal speciflcations of Shielded
o " Cables for Three Conductor Cable
i - | Ohms/100 FT | Resistence For resistive balance:
Type . {20 gage) Ratio Wire Gage Diameter (in,)
1 Copper/ 1,015 20 0.032
fli constantan 28.11 : 28:1 6 0.162
5 Iron/ 6.225 20 0.032
constantan 28,1 4,061 13-14 0,00-0,07
T Chromel/ | 4ls9 . | - 1 1617 0,04-0,05
. alumel 17.32 ’ 2,411 20 .032
- | Chromel/ | 41,59 . 20 0.032"
; constantan | 28.7i 1.45:1 18 0.040 -
’ _ TABLE 2-5
i Thermocouple Extension Wirve A
- Resistence Data
. " Asan example consider 1,000 feet of 20-gage, single pair copper/constantan ex-
_ " tension wire run in 1/2 inch canduit with a ene volt RMS common-mode voltage:
A i From the previous section, _

: CMR~ "Tl “E#m' | | e o
} therefore _ e 5
Lol & Enm 2 Co'mmc:m-mode_ to normal-modé conversion factor 5
L. ; !

2415
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R, = Copper = 10, 15 ohms/1000 feet

R, = Constantan= 28, 71 ohms/1000 feet

Ry =R;= 277 | \
z ==l = 1733 x 10% ohms at 60 cPs

2 fc
Ecm =1 x 2,8V peak-to~peak

' e -3
Em=@8 Tigrxios - %4x10°Vep

Now consider the chrome)}/constantan couple which has the smailest unbalance of
the most common thermocouples, Using the same conditions as Lefore

E ‘=R2- 1 ‘ ‘
Eom 4 : : .

Ry = Chromel =415.9 ohms/1000 feet
R, = Constantan = 287, 1 ohms/1000 feet

Rz- R1== 129 ohms HL

=-1_ -6
A 3 To LA733x 1077

E,,,=1%x28=28V peak-to-peak

. -3
Enm-=2.8 1129 x 108 2,08x 10" Vpp

Thus, the smailer the difference between thermocouple wire.resista‘nce,the less
cemmon-mode to normai-mode conversion will occur. Cne way of obtailnins a

" close balance between thermocoupie wiges is to use a smalier gage wire for the

low resistance wire (copper, iron, chromel) and use a much larger gage wire for
the higher resistance wirs (constantan), If twisted thermocouple wire is used the
wire sizes must be selected with care, since twisting two wires of considerable

_ difference in size is difficuit and often impractical,

 As described in Para. 2.2. 2 the conduit si;ouid be connected to earth ground at the

‘transducer end in order to reduce the wire to conduit capacitance. I the conduit
is isolated from earth except at the transducer ground point, the wire to shieid
capacitance can be greatly reduced making Z much larger thereby reducing the

. normal code conversion voitage E, .

\Balanchig lines beyondr the transducer may also be given conslderation‘.‘ X differ-

. ential input decives are used, balanced lnes are a must, To demonstrate the

L PE e S sapma

effects of balancing on a typical instrumentation_ca'bie, external capacitors were
‘added to each signal wire to ground. Edch capacitor was varied until 2 minimum
noise signal was obtained on a scope with a differential type pfug»in amplifier,
Two configurations were iested, no enbalance at transducer end and with 1000 -
ohms unbalance at the tixnsducer end. The tests showed that no significant .
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- Flltering may 'be used advantageously In In8trumaatation systems to reduce un-

improvement could be made In reduclng nolse levels In'the balanced transducer
configuration and that an improvement ratio of 10 to 1 was observed In the unbal-
anced transducer configuration when a balance cqnditlon was approached,

From the previous sectlon, an equivalent clrcult of a typlcal lumped parameter
Instrumentation line will reduce to a wheatstone bridge type conflguration, as
shown in Flgure 2-54,

FIGURE 2-54
Equivalent Circuit of a Lumped Parameter Instrumentation Line

The equatlon descrlbing this circult was glven as:

Z Z
E =E 1 2

nm “em\ Ry +Zl - Ry + 22

The impedance factors,

z, Z
R +2, 2™ |37
1 i & 2“2

" determine the balance or unbalance of the line, Thus, since Rl and H2 represent

the Jumped wire and transducer impedances it can be seen that a careful selection
of wire sizes will significantly effect the amount of balance In the llne. Also, Zy '
and Z2 can be controlled to some degree by using low capacitance patch boards,
terminal strips, low leakage capacltance cables, and very high Input to earth lm-
pedance recording devices were possible, If these two impedance factors can

be made equal then, theoretically En " wlll be zero. This ls almost an lmpossible
situation, However, very small unbalances are possible in certain sltuations:
such as thermocouple transducers. '

2.2.8 FILTERING

A e e o e < o Pt

wanted higher frequency components from pov}er or slgnal lne inputs.

2.2.8.1 Power Line Filtering

Nolse can be coupled into power lines by either of two modes; (1) transformer,
or (2) common-mode (capacitlve). Figure 2-55 . “~strates the two types. of cou~
pling, : i . '

2-71

T i1 SRR e 72 ; S




5§ P G $T B TR oyt € S ABY. At pin e g0 AL TR 14 3 et w7, - e o e ikt e e by b e g e G T S

H
¢
o
L3
v

'_ Two types of filters are comr’uonly used for power line filterlng; (1) the T fiiter _7

218

S\ SYSTEM LOAD rn SYSTEM LOAD

POWER
SOURCE

Ty rrr? FITE. bre B, R G i
A. COMMON-MODE COUPLING (CAPACITIVE) B. TRANSFORMER COUPLING -
© “FIGURE 2-55

No Methods of Noise Coupling Into Power :Lines

In Fiéure 2-554A nolse 15 coupled capacitively from prirrary to secondairy. .Shielding,

as described previously,  1s uged to dlmlnish this coupung probelm and reduce: _
ground loup caused noise. R

Figure 2-553 shows another method of nolse enérgy coupling; magnetically through
the transformer just as the power energy 1scoupled, Shielding will not, and obvi-
ously shouid not, prevent this type o: energy transfer,

. Unwanted frequencies v/hlch are dlrect coupled can result from power source noise

developed at the power source or by feedback back info the line from machinery,
electrical, or electronic devlices to which the line provides .perating power. The.

 most effective means for reducing dlrect coupled nolse is the empioyment of line

filters. - ‘ . B

: . There aré two posslble ways to handle power 'ilne flltering depending on the type

and source of the noise signal. Ingeneral, it would be best to eliminate any possi-
ble sources of nolse, Power llne filters should be used on all equipment which in-
volves the switchlng of inductlve loads, rotary machlnery, etc. Within the instru- °

' mentation equlpm_erit Itself sources of noise are frequently hlgh current DC power '

supplies to transfer the 'impulse created by switching on the secondary of the lr{put

- power transformer back to the AC power line. Also troubfesome can be equipm_ent

such as typewriters, punches, etc.

Power line filters should be located as close to the noise gensrating equipment as

possible. This equlpment shouid be degigned to prevent noise from being genera-
5 Ai_e;d. Filtering may also be used on the incoming power lines to the system to re- -
: duce_'any noise remAining after source line fliters are installed,

and the, (2) Pi network. The Pi network lllustrated In Figure 2-56 provides a

~ higher rell-nff rate than the T network; however, it frequently produces "ringing”
" or osciflations when Impressed with an impulse. ~ The Pi network should genzraily. -
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E © from a radio transmitier, etc.
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1o Pi-NETWORK T~ NETWORK
L | . FIGURE 2-56

: Filters

Although T network, does not provide as h!gﬁ a roll-ofi as the Pi netwdrk, it is
usually sufficient for filtering of impulse type noise sources, such as the power
supplies previously merticned and is not subject to the oscillation that the Pi |
network frequently exhibits, '

Each of the filters discussed above can be used in two possible configurations,
as illustrated in “igure 2-57. In’ ;,eneral the single leg conflguratiOn iy suffi-
cient for most system applications, Where halanced three-phase power i3 used,
the double~leg configurations should he used. Where filtering 18 employed at the
source of the noise the balanced network ag llustrated in Fligure 2-58 may be
used. However, use caution in grounding these filters at the load end of the
3 power line since this could cause heavy AC pbwer current to flow in the ground

] a system, The buianced network is always usged at the source of three-phase
: '~ power systems.

DOUBLE LEG Fi HETWURK " . DOUBLE LEG T-HETWGRK

e P T e FIGURE 2.57
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NOTE: IN INSTRUMENTATION
SYSTEMS THIS CORMECTION
MAY NOT BE DESIRABLE,

INPUT

. -

AC POV/ER |
1]

1

- FIGURE 2-58
" Balanced Network

2,2.8,2 Sigml Filtering o
Stgmal filtering may be em:ioyed whenever the unwanted noise Iredusncy is outslde
the frequency band of the ¢ata of interest, Gencrally, signalfiltering may be ac-
complished at two locations depending on type of aystem in use, Where aniplifiers
are used In each data channel, the filtering can take place at the output of the
amplifier, This provides flitering not only of the data sigmal {tself but also of any
high frequeancy common-~mode voltage that may be present at the lnput of the -
amplifier, '

In systems that do not empioy an amplifier for each data channel, suclas systems
~ using low ievel comm‘utators, filtering must be employed at the input of the com=
' mummrs‘

"~ Some spechl conslderauons which ghould be made in using Iilters with commutated

- A/D data acquisitlon systems are glven below:

a. ‘Fiters placed at outpui of commutator can cau.e rounding off of the :
"PAM" output wavetralin {f flltering 12 too sovere, Dala noise will be
{utergd, however, data levels themselves may be adverasely affected,

b, Filters placed at the commutator {nput may cause error in the daia by
inter-action between the filfer capacitance and the commutator input : .
eapacltance. This error 18 called charge sharing and will be minimum
only if the {llter capacitance is either very large or very smali In relation
to the commutator input capacitance. it is considered good praéllce to
lso!ate the commutator from the filter by active isolation circultry, This
measure ‘will enmtnate the charge sharing a!fect. $

LI
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¢. - A fillter which is connected directly to the output of a transducer
may causeé adverse loading of the transducer. Also, the filter
characterlstics may be adversely affected by changes In transducer
impedance. To avold these pi'oblems It 18 recommended that actlve
buffering be placed between transducer and filter, - The transducer- '
fliter and iliter_-commutaior- Interactions can be eliminated by uslng .
buffered filtering. A buffered fllter can be connectcd within a differ-
entlal amplifier in such a manner that nelther the transducer nor the’
commutator are direcuy connected to the fiiter.

2, 2 9 AMPLIFIERS

There are two primary types of Instrumentation ampmiers used In data systems,
the ficating sirgle~ended DC amplifier and the guarded isolated differential DC

“amplifier., Other types of amplﬁle;s used Inlnstrumentationsystems Include AC

coupled, bridge type differential, magnetlc, and a wide range of speclal purpose
amplifiers which are usually related to a speciflc type of transducer or signal con-
ditioning technique. Descriptions of the more common Instrumentation amplifiers
and a partial summary of ampilfier charactérlstics are dlscussed In the followlng.

. paragraphs,

The single-ended amplificr does not brovidé input circult to‘ output circuit isola-
tion. That is, the "low" signal side of the Input to the slngle-ended amplifier is
electrically’common to the "low" slgnal.slde of the output,

While the smé:e ended amplifier I1s normally consldered to have no common-mode
rejection (CMK) capability, there isa limlted clrcult conflg,uratior. which may pro-
vide some degree of CMR {See Flgnre 2-59).

The load iea!\age impedance (Z) completes the path for the common- mode current

(1 m) which flows through the source resistance, line resistance, and low slde of
the single-ended amplifier,. The larger Z 1s, the larger wlll be the CMR capabii--

ities of the circuit, U ZA. 18 very large, then the normal mode error voltage E A

" caused by E \»hu,_h appears across the amplifier input la:

Eom Ry + RL) - Eem (RS + RL)
6. POt A IS BTN v =, e et
MO RgaRp +Z z

The common- mode rejectlon is therefore:

‘CMR &

RS*RL

_ ’I‘he Ioad must’ be Iloaumz, such asa galvanometer, and the lemkage Impedance Z
2 must.be‘vvcr) l;:r;,e to reduce the error voltage. The common- -mode rejectlon then
s actually_‘a lunction Of the syst'em.clrcult cor_z.(tguratlon and not the amplifier.

~2-81
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’I‘he same situation exists lf the load is grounded, and the leakage lmpedance 2 is
at the floating signal source, The balanced bridge amplmer as geen'in Figure -

© 2-60, depénds on maintalning @ balanced fnput through the upper and lower signal

paths (DC and AC) in the ampiifjer {or common-mode rejection. Maintaining a
balanced line is difficul’ when using long iines and varlabie resistance transducers.

SWeLEERED T T T T i
_ " AMPLIFIER _
Sk G | T |
r 1 |
' Re 1 R f“]ll:-- |
v A ZA
| i [ |
Ir\, | RL i
[ Ml a-pid bul gl 5 2 U |
' A |
s Y I
{ l | ! ]
I | ﬂ
| ) e e v ey s }-—‘-J
| ' '
fem LOAD LEAKAGE !
- : _ : IMPEDANCE |
_ ¥
: . : o R
. : ' ' J
@ — — —| -
TESTSTAND _ e 'DAE%nggﬁM

7

FlGLHlE 2-59

Common-Mode Rejection with the Single-Ended
Floating Ampllﬂer and Floating Load

i} Flgure 2-61 1llustrates the need for compiete balance in both fegs of the bridge
" ampfifier. When balanced, lcn and lcmz are equal and the noruial-mode voit-

ages generated by the varidus lmpedancea balance out. Any unbalance in RS'
RL' Rin Fr or ZL will result fn.nomaf-mode voltages due to E

The stabmty. bandwidth, and gtin of a high quality bridge ampllﬂer may be qune

" high. However, noige may be refatively high and the maximum common-mode
-voltage permitted at the input 1s conslderabl) lower tha.n that ol the isolzued du-
: Ierentlal pC ampllner. : - : : :
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2 2. 9.1 Slngle-Ended Amplﬂlers

In many DC instrumentation systems widebdnd single-ended amplifiers are used

~ because of their superior wideband capabulty as compared to the chopper type DC
‘ampiifier whose maximum practical bandwidth 18 10 KC. Sinco the input greund

circuit {3 common to the output ground ¢ircult in a single-ended ampliffer it does

"not have capabiiities for common-mode refection. When using a single-ended am-

plifier, care must be taken in order that ground ioops are not formed between in-
strumentaiion channels and between test ntand areas, In Figure 2-62 is shown
two bridge tranaducer channels which he slngle~ended wideband ampiifiers on

* the outputof each tmnsducqr._ .The das! ‘ine indicates the groqnd ioop which is

formed by improper {nstrumentation deete  To prevent this ground loop, ths two
channeis can be suppued with- indlvh‘ual ey ,ed DC excitation power guppMes as
sbown in Flgure 2-63:

X grounded transducers are befng instrun.ented, and the data will be recorded di-

5 : rectly as an analog slgnal by an oscilicgrapl or a etrip-cnart recorder, the use of
. single-ended amplifiers could cauag. ground foop noise caused by common-mode

gensrators in two different areas of the eystem ae shown in Figure 2-64, Coiarr un-
mode voltage E mi. ig crused by two ground conrections to earth at widely eépe a-
ted points and common-mode voltage E ms i8 caused by 2 temporature grodie ¢

along tha test specimen to which the- thermocouples Br'e bonded, The grount toop
currents around the loaps are shown in dashed lnes, Act:uauy E ma will 'aa
combinat.m of temperaturo grad!ent {thermocouples) elong the teat specimen and
ground loop oo rent from E mi through the impedance geparating the two thermo-

' couples, Figure 2-6% showa an improvement which can eliminats the I&rgeat of

the two common-mode. voitages, All grounda at the recorder end are connected

to an {solated copper ground plate. Th- copper ground plate i grounded at the
test epecimen ground through 8 !arge incalattd copper ground wire of size number
2/0 AWG to number 4/0 AWG, This gro 'nd: ig procedure then removes the earth
common~mode voltage (Ec ) entirely b c.use only one connection to earth ground

- has beun established. The renw.ining cor tuon-mode voltige E mp 18 a much

smaller value and in most direct recording methoda will not add aignmcant error
to-the data meaaurement. '

_ When groater data a¢curacles and more channeis are desired, the usual approach
. jatheuseof a dizi_ha.l_ data acquisition system which can process and record the

information on geveral hundred channele in rapid sequence, To iliuatrate tho use
of single-ended amplifiers and ths grounding procedure of singie~ended amplifiers

in such-a system refer to Flgure 2-68, Only two channels of » digital data acquie
o aluon systom Are ghown in this configuration, ihe »transdugers are bonded
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" Two Channel 4 Arm Bridge Circuits .
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Two Channel Thermocouple Instrumentatlon
Uslng Single-Ended Amplifiers and Blockhouse Ground

L:  thermocouples and the ground bus principle is adhered to in order to eliminate the
earth common-mode voltage. The thermocouples are connected to the Inputs of

e slngle-ended amplifiers. Each amphﬂer output 18 then connected to a three pole ~.

: swltch, The switcnes are controlled by the digital system which antomatlcally.

‘  selects the one switch to be closed 5o that the dati irom that particular channel

8 may be processed. It can be seen that the switches which make up the commuta~

: tor accomplish the necessary channel 1solatxon in ellmlnatlng any ground loops

between channels,

o i 2o Tt B o s ot s memiorre b

e Not!r'.e that the input cable s_hlelds are connected at the transduc’er and are not
{ carried through the amplifier and that a three pole switch conflguration in the
commutator rovides channel lsolation across all Instrumentation wires, .

This type of dlgita! acqulsition system is quite expenslve because of the amplifler
In each channel Inpu' cable, If a low-level type commutator were used In place of -
the hxgn-level commuL. tor, the requlrement for an arplifler In each channel can’’
.. be changui toa single amplifier for several channels, Ing system .viv.h séveral
£ channels belng sequenced (commutated) ata fast rate then it is possible to uulize
: ' a second lcvel of commutation In such a way that the dat_a channels are grouped
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Two Channel "‘hermocouple Instrumentauon Uslng Slngle- Ended Ampliflers
. and Insulated Ground Plate in the Instrumentation System -
: together and each group of data channels share a single amphﬂer which lowers
" the cost even further. A two channel system is {llustrated In Flgure_2-67.

When using single-ended ampliflers with thermocouples as mentioned above 1t °

must be remembered that channel-to-chanrel isolatlon 1s required for proper op-
eration In.an uricommutated tape system. If the output of the single-ended ampli~
fler is driving a floating load such as a galvanometer then channel~to-channel '
isolation is accompllshed. However, single-ended recorders will short all chan-

nel grounds together 1f commutation is not used. In other words to eliminate

ground loops when using sing1e~ended amplifiers some form of channel-to-channel : )
isolation must be used, commutition, floating load or isclation trans{ormers in - .
the signal line, i

2 2.9, 2 Isolated Dxﬂ.’erentl 1 Amplifier ; ' : AT o {

i el e '—'}_ o The most versatlle ampliﬂer in lnstrumentatmn systems is the isolated d1f{eren~
.y ' tial amplifier. . Two versions of the isolated differential amplifier are shown in
"'~ Figures 2-68 and 2- 68. Each type has & guard shield surroundlng the 1nput gec-

ey
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- Common-mode rejection in the guarded isolated differential amplifier is dependent

on the quality of the guard shield, This type of amplifier can stand a certain amount

o vnbalance at the input and stifl maintain good CMR. The amplifier CMR is often

specified at from 350 to 1000 ohms unbalance at the Input, . Figure 2-70 {llustrates
the_com_mon-mode rejection capabiiity of an isolated differential ampiifier. .

“The leakage impedances Zl and Z2 may be internal or externaf to ti\e amplifier,

The diiferehce in line resistance is normally negiigible when compared to the -
1000 ohms unbalance at the signal source. Aflso, since L and Z are almost
equal the commo'x-mode current ‘cml and Icmz wiif each deve!op approxxmntely

N S A, e A —_— S’ A, WA — "‘-\
| 10000
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: l__,____,__.___._!cmzq-__,.ﬁ.z 21122
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FIGURE 2- 70

Cammon— Mode Rejecuen in the Isolated Differentiaf Amplmer

equal potentiais across each mput fine mpedance, causlng a common- ntode volt-

- age at the amplmel input. P‘owever. the 1000 ohm unbafance, Rs, will cause a

further voltage drop {comnion modi-to-normai mode converslon) in one line witf
not be o part of the common-mode voilage, but wifl appear to'bea normal-mode
or signal voitage to the amplifier. The normai-mode error voltage due to the
common-nivde to normaif- mode conversfon wiil be generated prima n’iy fr lhe {ine

. A unbahnco Rg and is due to l

" The norn..mh moda voitage E mat the !npul '\f the ampiiner ls' ‘

E : ’Ecm ‘ FtS

(-
am T Z

2y -

The common-mode re]ection (CMR) for £ n ampliffer is described as:

7. : -

CMR » —L.

Rg

For a more detaiied anaiysis ér CMR refer to Appendix C.
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At 60 CPS and 1000 ohms unbalance a common- mode rejectlon of 120 db.would re-
qu!re that Z Ly less than 2. 7 picofarads. )

3 Yt

f The guamed input tg the igolation amplifiers must be gounded properly in orde‘
i that the common-mode rejection of the amiplifler be maintained at its maximum
: “ - value. Because the common-mode rejection also applies to the input networks
¥ and cables going to the amplifler, the common-mode rejectlon of these input cir-
’ s cuits shouid be consldered and grounded properly.
The common-mode rejection characteristics of the lsolated amplifier will be only
, s as good as the input clrcuits, Therefore, the most important thing to consider is
[ o ‘the co~mon- mode to normal-mode conversion In the Input circuits, Thig conver-
i i _sion takes place when a common-mode voltage lu allowed to be convertedtoa
A it pormal-mode (signal) vollage through leakage Impedances In the cable and serves
3 ; unbalance resistance in the Input clreuits. The guard shield of an {solation ampli-

i fier serves as an extension of the input cable shleiding and should be connected to
it as shown In Figure 2-71,

2| gy

<
e e 2
IS

. . GUARD SHIELD
Vi | CONNECTED TO [NPUT”
CABLE SHIELD

\t

FIGURE 2-11 e 'ﬂ 5, O
o Gu’\rd Shleld Connectlon of Isolated Differential Ampluler
If the guard shleld is grounded it the amplmer input-a potential difference will be
. established between the two ground polnts and the coupling capacitance from wire
to shield in the cable will cause a common- mode to nermal-mode conversion,
With the guard shleld of the amplifier connected to the Input cable shieid and the
cable shield greunded at the transducer ground, the potential diffecence between
gignal wires and shields will be minimized thus increasing the cépacmvé Iniped- .
‘ance from shleld to signal wire, This effectlvely increases the common<mode -
~_ rejection of the input clreuita slnce the impedance through whlch the common—mode
:': : ”_'f":*'error current must flow has been greatly increased.

] ’The output guard shleld of the lsolated amplifier should be connected to the output i ¢

) cable slhieid. - This connection provides an extcnslon of the shleldlng « the output r :
c;\ble to the Oulput transrormer ciréuit of the amplifier, The "hassls of the ams. i

_ plifier should be connected to the system ground plate for pevsonnel aafety. -
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Table 2-6 is a. sumrrmv of the chaxacterlstlcs c. t' . dvove amplmers.

294

. Maximum 0
Number of Sy
: o Systein Effects Limlts on
: : - . |Common-Mode | Grounds |of System { Comimon-Mode
Type of Amplifier Rejection- Advisable | on CMR Voitage -
Single-Ended . . None 1 - None'
Grounded Output e s Allowed
Single-Ended -~ |  See Text: 1 .| See Text High
Floating Output o D LE . . i -
Balanced Differential ; Low 2 High Low
30-80 db ’ | 5-15 Volts
i Isolated and Grounded ‘High b4 Low High
Differential . 100-180 db . | 200-300 Volts
TABLE 2-6

“ Amplifier Summary Chart-

2.2.9.3 Awmpiifier Specifications

There i3 a lack of uniformity in amplifier specifications among the different man-
ufacturers, Therefore, methods of teéting will vary and often the published speci-
Ilcatlons will not mention iimiting factors.concerning performance. Fr equentl\,
the only way an engineer can be sure the amplifler he has selected wili perform

- to requirements Is to personally evaluate the amplmer. Usually the cholce of an

amplmer will be a compromise of features (including price) relative to the sys-
tem requirements, . :

The amplifier speciﬂcations consldered relatlve to the scope of thls handbook are

‘nolse and common- mode rejecuon characteristics.

2.2.9.3.1 Noise

There are several type_s_o{_ noise lnhe:rent in all electronic equipment which limit :
the minimum slgnal levels that may be amplified. These Include thermal noise,
shot noise, and characteristic noise of tubes and transistors. These nolse sources
are considered independently and are usually givenas a collectlve value for a
given amplifier. - The noise ls considered random or "Wwhite'" nolse and the peak-
to-peak amplitude will vary as a gaussian (normal) distribation. The noise 1s
qulte often speci!’ned as RMS and when measured as such must be measured with

a power (watts) measuring instrument ard not a peak reading RMS meter. How-
ever,” In data systems the ‘measurement accuracy will reflect the peak noise level
in many cases, Since the nolge ls of a gaussian nature, the peak-amplitude of the
nolse will randomly exceed severaltlmes the RMS nolsevalue. Where noise s given

[ asan RMSvahxe,‘ the peak noise amplitude (O voits - to-peak volts) wili be fess thanfour

thmes the RMSamplltude, 99, 99 + %of the time,” The peak noise amplltude wlllseldum
exceed 10 times the RMS magnl(udn ‘
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Deflnlttons o! the baslc noise types are given below.
~ a. Johnson Noise

Johnson noise 1s the white noise voltage generated in a conductor due to
thermal actton upon free electrons within the conductor. The ragnitude
of nolse relative to temperature, bandwtdih of the measurement, and con-
ductor resistance is:

" (E noise)? (RMS) : 4 K TRB

where- - ‘
K= Boltzmanns Constant or 1.374. 10'23 jcuws per ok

T« Absolute temperature in degrees Xelvin
B = The frequency bandwidth under constderation

R = Real or resistive component of conductor.

Thls ts part of the reason for the htgher nolse factor in amplifiers such as the bal-

anced bridge type which have large resistances at the input stage.
.b. Shot Noise

Shot nolse 13 the product of random variations in current flow throvgh any
diode junction. The relationship ror shot notse relative (o the diod: cur-

rent ts; : .
2 ey _
. (potge)® (RMS) = 3e1 B
" where : :
' | bhoise * The RMS value of nolse current. _
e = Coulomb change on an electron or 1.6.10° 19 coulombs
I S Diode current in AMPS ‘
B . Fx equency bandwldth under Lonsideratxon

As with Johnson noise the magnitude of shot noise is directly pniport'xonal to the
frequency bandyvldth involved, : :

Electron tubes are subject to shot-nolse.as. well as several other notse types
unique to va:uum tubes and related to the physical configuratton of the cathorle, -
grids and also restdual gasses, Tube colse is often defined in relatton to an

e equlvalent tube resistance with respect to the formula for Johnson nolse, The

equh'alent reatstance of-a tube is part of the function of tube transcorductance and

. the type of tube {l.e., triode, pentode, etc.), Therefore, tube nofse can be an- "
alyzed as shot and Johnson notse and Is dlrectly proporttoml to bandwtdth,
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In addition to Johnson and shot noise, transistors exhibit an additionai noise which
is inverseiy proportionai to frequency, This noise, often designated as 1/f
(l/{requeﬁcy) noise is therefore predominant at iow frequencies and the magnitude
of 1/f nolse will vary. with different types of transisinrs. Figure 2-72 outlmes the
characteristic noise figure of tr dnBiStOl‘S

COLLECTOR NOISE
AT LOW GAIN

NOISE
FACTOR

ot " JOHNSON AND

SHOT NOISE

I Low BREAK POINT ! HIGH BREAK POINT

FIGURE 2-72
Transistor Noise

The fow br .k point ruay be as iow as a few hundred cycies in low notse '.rcmtry.
The high break point is a function of ‘the aipha cut-off frequency of the transistor.

Another source of iow ievei‘amplmer noise is mechanical chopper noise and’
chopper intermodulation. Choppers iocated at the input of an ampiifier and any
noise generated will be amphﬁed by the ampiuier. The foilowing three items are
sources of chopper noise, : : ‘

a, Eiectrost:xtic noise is the result of cgpaci'tivé coupiiny between the coii
drive terminais and the coutact terminals, :

b, Magnetic noise is due to stray magnetic fiux in the drive coil {or other fiux :

sources such as transformers, solenoids, etc.) which are magneticaliy’
coupied into the signai leads,

¢, Thermai noise and drift is the product of bi-metai jurictions as seen ina
thermocouple, Tt}e chopper drive coil wili produce a certain amount of

heat which, unlessdissipated, generatestemperature gradients acrosssi‘g-_ _

- nai leads and thus generates unbalanced thermocoupie junctions.

2-9€ .
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Chopper Intermodulation 1s the result of the chopper freqi,:ency. beatmg with AC ja-
_put signals which are harmonically related to the chopper frequency. This is ob-
served in some chopper stabillzed athllﬂe-rs. In addition, poor filtering'ina-
chopper stabilized amplifier may result In the chopper frequency or related har- .
monlcs feeding through to the output of the amplifler. o ¥

Nolse magnitude will vary with the amplifler bandwidth and where necessary it
should be verifled that any nolse flgures are the worst cage and not a "typxca_l"
valuefor a given bandwidth, Nolse specified may be referred to elther the input
or output, When using high gain amplifiers the nolse referred to the input (RTI)
wlll probably be the worst case as 1\he r.agnltude of the noise 18 the RTl noise
hgure multiplied by the : mplifler galn,

A stralghtforward method of measuring nolse Is to load the Input with a typical ~
source reslstance which Is completely shlelded and read the nolse at the output -
terminals, elther with an energy measuring RMS meter or a wideband oscilloscope.
The measured noise wlll vary with galn and bandwldth, therefore the amplifler
should be evaluated at all anticipated galn and bandwldth (where gain and/or hand-
width is vanable) settlngs. The amptifler nolge related to system noise will de~ '
pend upon the type of load of the amplifler. An addltional check Is to perform the
noise iest with tiie actual load or with a filter having the same Impedauces (induc-
tive, capacltive, and reslstlve) as the inlended load,

2.2,9,3.2 Common-Mode Rejection In Ampliflers

The su: ject of CMR has been extenslvely covered in Section 2,2.6 and In the ‘
descrlption% of the more common Instrumentatlon amplifiers. Additional common-
mode Inform..tion i8 found In the Appendix. Amplifler specifications with respe-t

a, CMR in Single-Ended Ampliflers, - Ythere thls is specified, the limiting
" factors should be fully stated as the condltions will limjt gystem flexibillty,

b. CMR as 2 Function of Gain. - At low gains the ampllfler may not meet the
* deslred gystem requirements. : :

" e. CMR In Low Pass Fllter Ampliflers, - The'bandwldth of an ampllfier will
: affect the AC CMR capabllity and tLus CMR should be glven at all frequen-
cles upto the highest signal bahdwldth. The ability of the amplifier to
filter out common-mode voltages such as 60 CPS wlll effectively ralse the
CMR capabﬂiiy - a feature which should be consldered if a specific AC fre-
quency is causing trouble apd a narrow amplifier bandwidth is accepfable.‘

- d. ACCMR S})éculcati()nls. -~ Amplifier CMR ia usually speclfled at DC and :
-+ 60 CPS, Where other common-mode frequencles, such as 400 CPS are an-
- ticlpated, the CMR should be found for the speciflc frequency, Some am-
_plifier CMR values will remaln essentially flat to mdre than 1000 CPS while:
CMR In other ;.xr.apnﬂers,ylvu.l drop off at a t"gte of 20 db per octave or more,
: . g G . . . .
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e. CMR Voltage Limltations. - Many ampiifiers are limited to common-mode

© volfage irom 7-1/2 to 20 V DC or peak-to-pealk AC. Thls may limit the use
of some slgnal conditionlng equipment, such as grounded and common straif
gage power supplies, as weli as reouire lower system comnon-mode voitages.
voitages,

f. CMRata Spectﬂed Line Unbalance; - Most ampiulers are mted at from -
350 ohms to 1000 vhms source impedance or source unbaiancg o demon
strate CMR with 1 specifled source unbalance.

2.2,10 ANALOG SIGNAL -CCONDITIUNING -

‘The transducers employed to measute paysicai parameters, such as temperature,
_pressure, vibratlon, and flow, do rot ordinarily produce electrlcai signals exactly
suitable to the requirements of the next stage of the data processlng system,
. Consequently, signai conditloning equipment 1s used to amplify, attenuate, isolate,
match impedance, or whatever 18 necessary to "conditton" the transducer output
sigvxal {or the processing system, ‘

Some of the techniques recommended to condltlon anaiog signals prior to analog-to-
digltal converslon and recording are outllned In the foilowlng paragraphs,

2,2.10,1 Temperature

Two methods are commonly employed to measurea temperature, One method uses
thermocouples and the other uses a resistance-temperature probeé or resistance-
temperature bridge.

Sinee thermocouples must be referenced to a controlled temperature, such as
150°F, a reference junctlon ls necessary, ThIs junctlon may be located ina -
ulhpie-)unction reference oven, - '

Reference junctlons are constructed so that each clrcuit and 1ts'shield 1s carned
separately through thé junction, Each channei slgnal and Its shleid 1s carried

_ separately through the system and terminates as shown at the {solatlng ampiifler,
' The output shleld and ¢ircult Is connected to ground at the readout instrument only,

Callbration of thermocouple channeis ls aé-z_:omplished by means of a voltage fronra.
precislon voltage dlvider which operates from a precision regulated voltage source,

The second method of temperafure measurement uses a lour-arm brldge -type -
resistance-temperature transducer. The: circult:y lox: thls type oi transducer ls
dlscussed In the next sectlon, ' : 5 ;

2,2.10,2. Wheatbtone -Brldge Type Transducers

Transducer_s for measurlng such parameters as. stmin, load, préssuré, and teinp’— o
eralure, may all fall Into the ge neral. ciassification of Wheatstone-Brldge or four- / )
arm bridge transducers, Typical four-arm bridge clreults are shown in Flgures '

2- 74 and 2= 75
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Where a commén excitation power supply is u'ied, it Is necéssary to isotate the
output of each bridge from any cther by use of an isolation amplifier, This type
of amplifier manifests high common-uiode rqjectibnl and rather nar-ow bandpass
characteristics, However, the input clrcuit is completely isclated from the
output circuit of the amplifier., If a single-ended amplifier is used instgad of

a differential amplifier, one resistor in ali of the bridgés Invoived would be in
parallel, as Indicated by the dotted iine on Figure 2-76,

BRIDGE

RS

RECORDER

ﬁ““““1r>t-

I

WIDEBAND
SINGLE-ENDED
AMPLIFIERS

e Bt

I
|
&

Where higl}_-frequency_ response 1s requlred, such as mayibe obtained with strain
and pressure transducers, the problem of isolating each bridge can be solved by .
us'in,g"individuai excitation pow‘er_ supplles, The circultry of thls type of supply

is compietelyiiso'iated from ground as is the bridge itseif; therefore, a single-

~ ended amplifier with wide bandpass characteristics may be used without lntro-
 ducing any gmunding or cross-conutecting problems* i

Calibmtiou of br ldge circulte may be accomphshed by the R-Cal or shunt cali- :
if deshed by use of a known, selectable, substituted.

l_)ratio_n method -or, ‘ s
The R-Cai method is shown in Figure 2~77 The canbratxou _

_ calibration voltage.

POWER -
SUPPLY

2-102 -

FIGURE 2 78

3V'~orneq0MMsuosoff*.'-

4- Arm Bridge Clrcuit Showing Short Circuit Caused

By Use Of Non-Isolating Ampfifiers
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voltagé_ method is similar to that described for the thermocouple system. Both
methods are eqﬁaliy accurate. The cholce of which to use depends upon any sec~
ondary requirements of the circuitry. Where one- or two-arm bridge transducers
are used, bridge-compledion resistors can be mounted on printed circuit cards in

the bridge-completicn moduie, ’
BI\LANCE RANGE
-s” MITING RESISTOR

| 2 e ; T
. R
! e POWER -

s - BALANCE :
L 2 il _CIRCUIT | SUEPLY
| = 1y 7
= " - "
DOWN 5Cn" E
{F REQUIRED L o SIGNAL

e 7 A ' —PGUTRUT
ap i
L CALRELLY
4 "UPSCALE

SHUNT CALFBRATION
RESIS

TOR  RECOMMENDED
" FIGURE 2-71
= 'I‘ypi«,al vOur-Arm Bridge Circuit Showing Balance .md
A . Calibx'ation Methous

2.2, 10, 3 Vibr ation, Shock and Acoustical Measurements

I geueral, vibration and shock may be measulred by accelerometers or velocity :

pickups, _.‘kccelerometers are usually pie;‘oéiéctri_c-type transducers, For low
frequencies, strain gage accelerometers may be used. Accelerometers, mounted

on a shock table, may-be used to measure shock. Figure 2-78 shows a typical ac-
celerometex circuit,

Acoustical pickupé fall under the same gene"al classification ay accelerometexs

A high sound-intensity micmphone, such as the Altec 21 BR condenser microphone,
may be used.

- The output impedance of accelerometers is normally quite high, requiring that a i
line-driving amplmer be mounted near the transd cer. An amplifier is uSuaity re-
quired that will drive long, low-capacity transmission iines at no. appreciable loss

with a frequency response of 0.4 CPS to 100 KC, Ali accelerometers and amplh

tlers_ should be _isolaged from ground to prevent g:‘opnd foop, noise.,
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I‘IGURE 2-78.
Acous tl("] Pwkup or Ale:leromcter Systcm

3 "Accelcration stziale 1av he recovded bn analog m.{gne'iv ‘n.pe or monitored on an
- oscilloscope. A Huvghes Memoscope is very useful In recording shack tests. The
M moscope will trace one sweep on a CRT screen and hold the trace until manu-
) ah; cidaved, The scope trace could -be photographed for future reference

: A lugh-speed rcuu\,.ng vecillermr .h ma, Wi be bsed to uwzd arcc!e*a jon )
. signals, E Wt . P el o - i

2,2, 1N, 4 rlow and RPM Measuremgnts . ‘

Liquid Ilow thmugh niwm: and rotatlonal speeds are most commonly measured m _'
terms of number of p.) es per unit tlme, . i

There Are seve ! Lp 7 oof turblns-type flow meters and RPM'transduc'ers whlch
produce-:'x i o. puls’eg such that; for ea~l, revol don, a certatn numher of o
pulses v-ill b furmed. Tach transducer '8 a known coaversion factor so that for |
~ any measured froqucicy output from the harmducer the flow tate or PM can be -
c dctermlngd : :
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<= These pulses may be ~onverted into useful Inforina. ~n by a number of methods. -
* One of these is an iIntegrator, The pulse train is converted intoa propbrtion;d DC
e ~ voltage, “This veltage can then be measured directly or convei_'ted to an equivalent
e  digital value from which the eqt_iivalent flow rate or RPM can be determined,
oA second method counts the pulses iira digital counter and samples the count at
o krown time intervais, The irtegration function is then carried out by a computer.
ik Figure 2-79 shows a general flow or RPM system. - : -
- To eliminaté pmhléms in transmisslon of {low xiieter sigvmls' over long iiné's, a
.. pulse shaper with isolgtloxi circuitry is recommended, : i ) '
By SR A BT PR : PREPO('?TTIREIGL 2
‘] o 5 s T _INTEGRATOR o e -
- LedunT 1 I ke<desrd |]
s L W ' - ] LOGGER
S - A : ' o STRIP CHART =
F . ; - o 'y RECORDER )
o ) _ e ' DIGITAL ACQUISITION.
e . ) : /\ A A . : SYSTEMETC.
) | S P<efe > 7
3 PULSE RN 3 " py
" SHAPER - R i-” e COUNTER
i ' Lo >—T =30 1 S
FLOW OR RPM T ‘ i
TRANSDUCER : i
S g ;
o le - SYSTEM
 RECOMMENDED .

~+ - FIGURE 2%
. Flow or RPM System
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8. RECOMMENDED 3YSTEM DESIGN PRACTICES
~ The overall system design philosophy which 18 recommeprded for a {ow nolse,

high accuracy Instrumentation data acquisition System may be outlined as .
follows (see Figure 2-23): - :

a; Provide pmrel isolation transfox mers to da(a system
* equlpment. N
i b lsolah data system equlpment caolnets {rom earth.

. Ca Provlde a single- -earth ground point at the-test atand
area lor all lnstrumentatlon systema.

Lo Grodnd data {nput lnstrumen(atlon cable shlelds at
test area ground.

e The data system must have an solated commonr ground
bus or copper plate tnside data system.

f. Provide maximum separatlbﬁ between mstrunxe.{mtion
gystem and AC power equipment, such ag generators,
pump-motors, etc,

A more specific coverage Gf't.h;e abeve outline i3 included in this section.
3.1 TEST SITE SELECTION ' ' L7

Good grounding aund nolse reduction should be among those considerations

which are mzi_de in the selection of a rocket engine or coinponent test site.

Once a locality which is remote from dense population has been selected as the
8ite area, the primary factors which govern the facility plan will most-llkely

- be personnel safety, convenlent placement of test stands with respect to data
. vecording area, and use of terrain ag a com;tructlon alde (as {n the case of

vertical static ﬂrlng structu; es).

Good groundlng practlces are sufflclently ﬂexnble to be adapted to pravtlcally
any test site selected. The considerations which must be made to insure
sound groundlng in a new test site are dnscrlbed belovr L

3.1, 1 PRXMARY POWER

The location of primary power llnes {orm a major role In data accuracy ancl

: must be lnstalled 18 {oliows:
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a. Primary power lines must be locﬁted a minimum of 1/2 mile
from the noarest test equipment.

b.. All data transmission line runs must be riented perpendi-
culariy to the main power line run.

‘... Feeder power to the facility may be run perpendicula.r to

% the main power lpas and lapoi! isolation transformers are
‘recommended. -

3.1.2 EARTH GROUND

Soil conducuvity variee from one geographical area to another. The significance
of soll conductivity I8 more in its reldtion to facility power than to an Instru-
mentation system iteelf, If good soil conductivity exists afong the path of priin-
ary power lines ndjacent to a test faci}'ty, then ground currents originating-
from the povrer lines will be confined to an area close to the line path. Poor
soll conductivity causes a wider spread of power ground current and is there=
fore more apt to cause interference with adjacent test facility circuits, It g
recommended that underground copper or iron be used along primary power
lines to trap ground currents, ' t.héreby reduéing their effects on instrumentation

data gathering. The singip eulh ground point is the proper procedure for in-
strumentation grounding.

. For personnel safety, poor earth conductivity may be cause for Installation of
a counterpoise system, The counterpoise 18 a grid work or mesh usually of
metal und_erfylng the entire fucliity area. It is intended to "short any earth
currents and.insure a reasonably low difference of potential between all earth
grounding points in the facility. The "equipotential" capabilities of counterpolses
are not suflicient to be taken advantage of in {nstrumentation system grounding.’
The_{istrumentation system must have its own independent grounding,

The power system design for a teqt lacmty mn be accompushed In many diﬁ’erent
ways withizr the framework of electrical codes and modern design practices.
Somev of these practices may contribute to data acquisition sysiem noise, some
may attenuate noise, and some may have no effect. The foflowing recommended o -
practices were chosen because they either attenuate or do not actively contribute ‘
to'the noise sources which are inherent {n the power system, Dllminaung all )
power syrtem noise from the data acquigition gystem can probably be accompllshedﬂ
only by eliminating all power equipment ard wiring Q‘om the area, an-impractical
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solution at the prese‘nt time. Careful design of the power system will result in
minimum noise contribution to the data acquisiti_on system,

3.2.1 CODES

The electrical power system laust be dnslgned and lnstalled in a..oord:-nce with -

the National Electrical Code unless a local code takes precedence, The electrl-z,

cal codes specify minimum requirements which must be met in order to safe-
guard personnel and property, Most electrical codes have been based on exper-
fence with general industrial, commercial, and residential Installations and

there may be cases where a llteral Interpretation of the code would have a detri- -

mentali gifect on the data acquisition system.

Any deviations from the code should be carefully cousidered from the standboint

" of personnel safety before a variance 1s requested from the authority enfurcing
the code. There must be no compromlse with safety in the dnslgn of the electri-

cal power system.

3.2.2 EARTH GROUND CONNECTION

The power system earth connection as requircd by the Code will have Little affect
on data acquisition system nolse. The Co:de requires that:

2. A metallic underground water piping system always be
; used ag a grounding electrode where avallable,

b, The ~onniection to earth present a maxlmum resistance
: to earth of 25 ohms. :

¢.. Where a svitable plping system 15 not awllab‘e or has a ’
reslstance of grmter than 25 ohms, additicnal electy odes,
such as ground rods, must be lnstalled

;Bec:use af tic size of electrical service and accessibillty of utilizatlon equlp- ;

ment in the'tyi)lcal test facility, it is recommended that other efectrodes be in-

stallod in addition to the underground water piping system. An earth connection =

of loss than 5 ohms reslstance under the dryest sou conditlons s‘xould be the

_ deslgn goal

The earth conr-ectlon should be deslgned 8O that fvture lnspectlon, resistance
checks, and expansion can be madc. The followlng procedures should be 7
consldered ror earth connections: e : :

A. Connectlons betweeu mbles and ground elemrodes should
. be accesslble for 1inspection by installing a tile or meter
box with removable cover, flush with grade level. around
the top 12 to 18 lnches of the ground rod..
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'{ b. Connections to ground electrodes should be -bolted rather
A than welded to facilitate future ground resistance checks,

A typlcal fnstallation is shown in Figuie 3-1. The actual dealgn of the earth
connec:ion stheme, Including initial calculation of ground resistance, type and
. placement of ground electrodes, chemical treatment of the soll where Indicated
: and ground resistance measurements of the completed syctem s well docu~
menwod in available literature (see the Blbllogrhphy).

3.2.3 POWER SYSTEM GROUND

Whether or not the power system must be gmunded at various voltage levels is
~well defined In the Code. Withina test facility, the only common voliage level
: which may not i‘equlre a connection to ground 1s 480 V. If lightinz fixtures are
i supplied directly from the 480 V system, then the system neutral must be
] grounded. Otherwise the 480 V system may be grounded or lsofated from ground
at the option of the des!gn engineer.

The choice should be considered based upon the effact on-data acquisition system B
noise. Of primary importance is a sepnrate ground system for power and rstru-
mentation and the possibility of farge unbaianced power cuprents belng returned

to earth. The advantages and disadvantages of grounding are thoroughly dis-~
cussed In avaflable literature, '+

3.2.4 EQUIPMENT GROUND!NG

The Code requires that all exposed non-current carrylng metallic parts of
equipment and conductor enclosures be provided with a low resfstance path to
ground. The separate pleces which -make up a complete conductor enclosur’e
e (such as lengths of metallie condult) and separate metallic equlpment enclosures
&y must be bonded, -elther by adequate metal- to-metal contact between the pleces
themsefves, or by Separate boncing jumpers where required, to form the low
resistance path., Other means, such as connecting an equlpment enclosure {o
grourded structural metal are dcceptable.

Surrouncling ail runs of power’ conductors with a glounded i stalitc enclosure .
offers the additional ndvantage of electrostatic shielding in a test facility, Care-
fuf bondlf\iy arid greunding of conductor enciosures will provide-electrostatic -
shxeldmg of Lhe power conductors from data acquisition system signal condu ctors.

3.2.5 WIRING CONDUCTOR ENCLOSURES

Enclosures around insulated power conductors are 4re'qulred in most environ-

. ments by the Code to furnish mechanical protection for the-conductors. Con-
e h_k_ SaEmle L -ductor enclosures can be generany d1v1ded into two groupa. metanlc and non--
: EE ’ metalllc. ' :
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The enclosure may be an lntegral part of the power conductor assembiy, as i
the case of three~conductor armored cable, or the enclosure - may be separately

fnstalled with the conductors installed in a separate operatlon, as typified by
conductors In conduit or wireway.

In a test facility, m.etaillc conductor enclosures shouid be used for ‘power conduct-

ors wherever posgible for the shieiding which thcy provide.

Use non-metailic

rigid conduit and non-metallic cabie trays, to minimize capacitance of the cou-

ductors to ground and io provide equipment to e,nrth ground isola‘ion for the
instrumemntation system. 08 :

Some of the commonly used conductor enclosures which are, snitable for use ina
typical test facility ares :

a,

Concult -~ Conduit may be metailic or non-metaille, rigid
theavy-wall) or electrical metallic tubing (thin~wall) and

ls avallable in such :naterials as steel, ajumlnum, copper,
PVC plastic (polyvinyl-chloride), asbestos cement, fiber,
soapstone, and vitrified clay. From the standpoint of noise
attenuation; rigid steel conduit is the most effectlve enclosure
for power conductor and tiis shouid be uscd wherever prantl-~
cal throughout the test facility, Use of electrical metailic
tubing or rigid afuminum or copper conduit will provide as

effective an electrostatic shiefd as rigid steel but the electro- =

magnetic shielding propertics of the steei conduit are at least

an order-of— magmtude better than those of aluminum or-

: copper. i

bu‘

Flexible Conduit - The Code allows lhe general use of

- flexible met:_dllc conduit as a conductor enclosure In some
- applications. Because of its construction, -ilexible conduit -

is a poorer electrostatic shield than any of the solid metallic

_conduits and provides considerably less electromagnetlc

* shlclding than rigid steel conduit. It is recommended that .

flexibie conduit not be used as a general ronductor enclosure
In a test {acility and that its use be restricted to short lengths
where reguired to abeorb V\br“tlon or to permit pogition ad-

"~ justment of the device served.

S toat e ey
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. Wireway - A wireway consists of a rectangular sheet metal duct-

like enclosure with a hlnged or removable cover. Expanded or

whole sheet metal may be used. . ereways are gometimes used
where a numiber of power circuits are to be carried through an -
area. They are espe c!ally uscful where. numerous taps areto
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be made along the length of the run. A wireway is considgr- .
ably less effective in the attenuation of radiated noise than'
rfgld conduit. Its use is not recommended in close proximity
to data acquisition system equipment and signal conductors.

,,w.
S

d. Armored Cable - Armored Cable is an assembly of Insulated
power conductors (usuaily three) twisted together and covered
: with an over-all metallic jacket or armor, It Is used in lleu
N ER e of condult and conductors in larger conductor sizes and is
g .~ often Instail ~d In continuous rigid cable supports (cable tray).
E The armor may be steel, aluminum, or bronze. The armor
~ acts as an electrostatic shield but s not as effective as rigia
steel conduit In attenuating electromagnetié ffelds. Rigid '
A " gteel conduit will provide considerably more attenuation of :
: ‘, . power system noise In areas occupied by data acquisition
g, ' ~ system equipment and signal conductors.

3.2.8 WIRING CONDUCTORS

R ——

Power system insulated conductors for 600 V and ‘less wil’ generally be of two R
types except under unusual or severe environmental conditions. The two types ‘
differ only in insulating material, one being atliermoplastic, the other rubber,
There 18 néthlng to recommend one over the other from a noise standpoint..
Above 600 V, there are two common insulatior: levels, 5008 V and 15,000 V and
lnsulatlon is usually rubber or cross-linked polyethylene., At these voltage
levels, ‘the conductor 18 usually provided with an electrostatic shield in the form
of a copper tape over the outside of the insulation. (At 5000 V the shield is
" optional.) The primary purpose of the shield is to assure uniform vuoltage stress

_ throughout the insulation and, when properly grounded to prevent the bulld-up

' of hazardous potentials at the insulation surface. The sghield also effectlvely con-
tains the electrostatic field and prevents the formation of corona. Ina test N
facility, shielded cable should be specified at the’5000 and 15, 000 V leveis. !

" .. Where power conductors are to be run outdoors and 3t is Impractical to Inscail
* theni underground for voitages up to 15,000 V, pre-assembled aerial cable chould’
“be used in pr'eferénce to open wiring, Pre-assembled aerial cable consists of
three Insulated, twisted conductors fastened to a messenger cabie by means of a
* copper blnding strip. The electromagnetic field produged by this assembly is
much less than that produced by open conductors., ) ‘ . B

Bus duct. which is an assembly of buses insulated from ono-another and prowded !
“with a sheet ‘metal enclosure, is sometimes more economical than insvlated power
cables In gpndult where large currents must be handled. Although the sheet metal
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enclosiife provides an electrostatic shleld; the bus cenductors are relatively far
apart and cannot readily be twlsted, resulting In a relatively strong e:ectromag-
retic field. The installation of bus duct in rooms containing data acgulsition
system equipment and conductors should be avoided,

3. 2.7 WIRING, INSTALLATION

'I‘here are two practlces which should be fo!!owed in the antanatlon of power con~ .
ductors at a test facility:

a» Maintain the maximum pracflcai geparation between «lectrlcal
power conductors and physically parallel data acqulisition system
conductora, As power conductor voltage and current and tlie iength of
run over which the conductors are para!!el increase, the importance of
separation Increases.

b.  Twist power conductors or use multi-conductor power cables for all
clrcuits in the vicinity of data vaulsluon equiprent and signal conduc~
tors. it is recommended that all power conductors in the test facility
carrying more than 5 AMP be twisted, However it fs also & good prac-
tice to twist all AC power tines regardless of the current. A suggested
rate of twist Is one complete twist for each length equal to approﬁimataj‘.y
25 times the diameter cf the Insulated power conductor,

’ 3‘ 2‘8 POWER TRANSFORMERS |

_All electrical power system three phase transformers used in the test facility,
inciuding the main electrical service transfor mer(s) should have at leust one of
their windlngs connected in delta tg provide a path for triplens, Fallure to pro-
" vide a delta winding will resuit ir relatively large values of triplen voltages or
currents in power conductors ann the effects of electrostat!c and e!wtroxmme-
. tic coupling fncrease thh frequency. :

3 2. 9 ROTATING EQUIPVENT

Rotaung equipment can be a source of radfo frequency noise. This cian be mini-
mged by the fonowinpr practices:

a. Use squirrel cage Induction motors which utuize slip ringsor commuta~
tors wherever possibie, -
b, Where necessary to specify motors with commutators, Spccify unlts
properly designed electrically to minimize arcing at the cummutator.
For example, inclusion of interpoles fn a DC machine increases commu~-
tation efficfency and reduces arcing. 5 : e
¢. = Arcing at the commutator or slip rings can be decreased by careful mech-
~anleal design zuch as adequately 3lzed shaft and bearings to mafniain con-
centricity between commutator or slip rings and bearing to mlnlmlze
_brush bounce and vlbratlon. _
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" *Incandescent famps can be sources of current transients due to suddén vchaug_es
~in filament resisiance as lamps are turned on.

'3.2.10 POWER EQUIPMENT LOCATION

Electrical power equipment such as ii'ansfornlers, line voltage regulators?', motors,
generators, and switching devlces should be separated no less than 250 feet from
data vauiSitioq system equipment and conductars. Mucli of the electrical power
distribution and control equipment is f re"quently placed in a separate equipment
room and the architectural arrangement of the test facility should aliow this mini~

mum dlstance between this room and the data acquisition system. This also applies

to heating, ventilating, and air conditioning equipment which utilizes electric.
motors and control switching devices. The maximum distance will be llmiied by.
the voltage drop which can be tolerated in feeders. to the data acquisition system

equipment. This must be conaidered in initial planning and may result ina com= .-

proinise.

3.2.11  LIGHTING

* Electric discharge fixtures are sources of radio h equency noise, In.some areas

which do not require high intensity illumination, such as data transimission line
tunnels or corridors and termination areas, incandescent lighting* should be
used. In other areas such as the operating roonis of the data acquisition center,
fluorescent fixtures must be used in order to obtam hlgher lntensuy and a better -
quality of illumination. ’

If the data acquisition system is sensitive to radio [requency-noise, the noise can
be reduced to a tolerable level by specifying radio frequency shielded and filtered

- fluorescent fixtures, Fluorescent fixtures are available whieh njeel military

specifications MIL-1-16010A, MIL-1-26600.
v,_.___QBQQN_D_l&(:_(ANALOG AND DIGITAL)

The mPthods of perrormmg analog and digital grounding are ngen separate consid— 3

eration in this handbook although the physical principles of noise reduchon [or

_ both are baslcally the same,

3,3.1 ANALOG SIGNTAL GROUNDXNG

The objectives in desi?ning an instrumentation analog system ground are as
follows:

a. To" remove comnon-~mode vollages as much as possible

b. To keep digifal groiuids separated from analog grounds.

I single-ended amplifiers-are used between transducers and recording devices,
- it Is recommended that either the transducer or the recording device be left

‘ : 3-9
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discounected to both system and earth ground, Figure 3-2 illustrates the grounded
recorder with an ungrounded transducer configuration. By lsolating the'transducer, :
on.l) a small amount of CMV error current will fiow through the iow side of the
signal line bemu&e of the high isolation impedance Zl'

Simlarly, in the other situation where the transducer is grounded, the recorder -
is isolated from ground through the high tmpedance 22, filustrated In Figure 3~ 3..7
Thus, CMV error will be miniinized because the CMV error current niust flow
tht oegh Z which should be geveral hundred megohms in magnltude.

The ctreuit of Figure 3- 4 with both transducer and recorder grounded is not recom- '
mended becuase of the closed loop path ABCD with CMV applied through the anpii-
fier low side signal iine. Even if line A-B is a heavy ground bus, sonte CMV ‘may
exist due to magnetic noise coupling into the locp ‘ABCD froym adjacent power or

high current AC equipment, The larger tite loop area the more susceptible will be
the circuit to magnetic rioise 'coupling. d £

TRANSDUCER  SINGLE-ENDED

UNBALANCE AMPLIFIER
RESISTANCE \ RECORDER

CS
z,] ISULATION /
IMPEDANCE: i

RECOMMENDED = &g

) FIGURE 3-2 .
Isolated Transducer—Grounded Recorder

Ther efore, it is recommended when single-ended amplifiers are used that either
the transducer or recorder e lett unp;rounded.

" The ground bus; if properly used, is intended to reference the test transducer

g only common-maode voltage then present in the system will bé that whlch is capa

area and the recording to the same ‘potential li order to provide z single path to
earth ground for the system grounding. By earth grounding the ground’ bus at oniy e
one point, the earth common-mode potential is no longer part of the system. The o

itively or inductively coupled from oetside cireuits, -

Separation of analog and dxgxtal grounds is mandatory stnce digltal slgnaxs can muSe L
extremelyhigh nolse content inanalog measurements, Figure3-5iilustrates a

typieal px oblem encountered when analog and digitai grounds are not separated.

3-10
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- TRANSDUCER
© UNBALANCE.
 RESISTANCE .

SINGLE-ENDED

AMPLIFIER

RECOMMENDED.

FIGURE 3-3

Iéohted Recorder-Grounded Transducer

TRANSDUCER
UNBALANCE

RESISTANCE

SINGLE-ENDED

KMPLIFIER

RECORDER
2; B
LisoLaTion:
IMPEDANCE

RECORDER

[»

MV

4

>

- "NOT RECOMMENDED -

; " FIGURE 3-4 - e
- Grounded Transducer - Grounded Recorder . -
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Separation of the analog and digital paths is necessary In order to avold interfer-
ence from digital circuits to analog signals along the pith A-B, l1solation can

be accomplished by the basic method shown In Figure 3-8. Note-that the digital '_
and analog circuits have no péths in comnion. It ig also shown that isolation may
not be this simple In all cases and that the use of igolation transformers for dig-
{tal signals rmay be necessary.. ; :

RECORDER

avALOG ¢ ,

SIGNAL 2 A, DIGITAL ; o -
oo (A)conrrol B

SIGNAL
A
: COMMON GROUND A

SYSTEM GROUND RETURN PATH BOTH
POINT ANALOG-AND DIGITAL CIRCUITS

* e
NOT RECOMMENDED
. FIGURE3-5
: Common Analog and Digital Ground Returns

()

-

3.3.2 DIGITAL GROUNDS

The excellence of a digital grounding system or ground "plane” becomes more -
recognizable as the frequency or speed of the digital logic Increases.

Digital systems (now mostly solid state) can generate large quantitiés of pulse -
current due to quantities of circuits cirrying simultaneous signals such as clock
pulges.. Magnetic flux changes d/dt are proportional and can cause adverse pick-
up effects on adlacent wires. The best method of avoiding magnetic Interference

_ 12 %o insure that each. signal wire and lead Is a8 close as posgsible to the digital -
ground to avoid suscepuble "area loops", -A ground "plane” {s recommended '
since it ig available at all areas of the system and is therefore convenient for -
adjacent placement of most lead lengt.hs. Such a ground plane is. descrlbed ln
Section 2,2.1. 23. -0 g

Pair twisting can also elimfriate both couplng and recewing of maguetically radi- o

ated noise. Thls technlque is efiecuve, but may be cosuy and impractlcal if a :

.
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‘ . great quantity of digital cabling is invoived hecause it means including one ground

* . return for each digitai signal wire, ,
.% Capacitively (eleétrostaticaily) coupled digital noise is not ordinarily the problem
{1 asis magnetically coupled noise, Electrostatic shielding (copper braid) is thes e-
i 3

fore not required in most digitai applications. In fact, shieiding may oftentea i

detriment since it increases the digital signal-to-ground capacitance and may there--

by load the signal source to a degree that rise times are too slow to perform their
intended function.

T

Lo

: FIGURE 3-6

g ‘ ' : i Isolation of Analog and Digital Ground Retux'ns
Sl E " : E'{cept at One Point

SYSTEM GROUND POINT

"
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4. INSTRUMENTATION SYSTEM

11 fhe previous seciion noise soiirces and noise reduction were considered indetail
with refation io an overall daia sysiem. It is aiso imporiani to consider eacl
major subsystem and iis noise susceptitility and noise coniribution io the overall -
system such 2s; signai conditioning equinmeni, iiow the various signai condiifoning
equipment ig used, and proper i_nét';iu'atioh io reduce noise and ground foops.
Ampiifiers are considered on the basis of common amplifiers in use, types of
amplifier (singie-ended or differential). and errors and noise iniroduced into ihe

“insirumentation sysiem by the ampliﬁér, In addiiion, the instrumentation and

Data Acquisition equipment {e.g. _oséillographs, iape rechders, ¢.c.) are con-~
sidered in regard to the pi‘oper grounding of these systems to improve over-all
system accuracy and eliminate system susceptibiliiy io ground loops and roise, -
Olher topics in this seciion inciude; transducer errors and grounding iechniques;
low {requency data transmission lines; isolaiion of equipment cabinet and power

- from the insirumentation, etc.; pl‘op(,r grounding and impiementation 7f equip-

ment cabinet grounding when one or severai cabinets are a pari of iht Jata
systen:; connection to jhe'common ground plane in regards '~ ioad : equiptneni
grounding, and tesi area instrumentation grounding and gfound bus iechniques of
daia sysiem connection io a single ground point at the test area.

4,1 TRANSDUCERS - w : i

The iransducer is the {ink belween the physicai param«ter (pressure tempera

ture, ete, ) of lnterest anc, the desired electncal signal which corresponds to the

physxcal parameter, The choice of the type of transducer for a given appiication

_wlﬂ depend on _many factors. These include: environmeni, parameter to be
N measured accuracy, signai comhtlomng equipment and ouviput sighal desired, -
5 etel Tabie 4-1 references many of the physical parameiers, and the iypes of

transducers which are used m lnstrumentauon systems

A rurther dxstmcimn ln transducers can be made if the unit is of the self- it :
genemtlng or passive type. Figure 4-1 ilustraies these two caiegories,. Thls ;

difference Is more apparent in Figure 4-2 which shows two simpiified transducer
conflguratlons for mea suring temperature, ' Each type of system has its advan-

‘tages ard limiiations, both in the types of transducer units avaiiable and in the

type and complexlty of lhe signal conduionlng equipment,

» vlnciuded in this sectlon is a discusslon of the transducer ampitﬂer which is
- becoming more popuiar In aff lnstmmentation systems as a source ot hlgh levei

low impedance data slgnals‘. >

A brief descripiton of common (ransducers in use today and wiii be dlscussed in '
wrms of their output signal ievef and, source lxrpedance in the rouowlng ;
paragraphs. g LT
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TRANSDUCER TYPE

R : T L GENERATING PASSIVE

RMOELECTRIC

}o4
g

MAGNETO ELECTRIC
PIEZOELECTRIC
CAPACITIVE

- PHOTGELECTRIC
INDUCTIVE
RESISTIVE

TH

PHYSICAL PARAMETER

(=]
L)

Acceleration

Displacement 00

Flow , : 0

(=R E = B < 3% K =)

Force .

‘elolole

rm!;;xi-st'ure_ L : : L 0
. Level R oo 0
_ Light R 0 0
Y Mass o 0 B

Pressure . ' - _ of “Jojolo}o

colojolo|lclole

& B

; Temperature &) s s e 0 (R
o Thickness . -~ . - jo o olo
' Velocity ' : L ololo o jotlo

Viscosity - : s e 0 ] 0

TABLE4-1 7 .
Transducer Application '
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THERMOCOUPLE
i REFERENCE
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—
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L

RECORDER
THERMOCOUPLE|

AMPLIF ll»i!il
FIGURE 4-1
Self Generating Transducer System

4 1.1 TRANSDUCER SUMMARY

Electromagnetic self-generating transducers utllize the electrical energy genera-
ted when an electrlcal conductor cuts through 2 magnetlc field. Examples of this
type of transducer are the tachometer generator, the rotating magnet f lowmeter
pulse generator, and the coil.and magnet linear veloclty vibratlon pickup, Source
Impedances will range from a few hundred ohms to a few thousand ohms and out-
put signal levels vary {rom mlllivolts to volts full-scale,

: -Photoelectrlc.trausducers, such as the phototube and the phcto voltic cell, are

used to"measure light spectrum anc_}/or intensity. Though considereq soelf-
generating, these units are commonly wsed with speclal electronlc amplifiers and
the output characterlstics would be that of the related amplifler to the system ap> -
plication, Photosensitlve transuucers ‘or sensors are conz;ldered in the passive
reslstance section. 45

Piezoelectrle transducers are wldely used for hlgh frequency vibration and tran-

~slent measurements, The piczoeiectric.crystal possesses a high source lmpedance
- and high output. Because of the source,high impedance epecial signal conditloning

equlpment such as the chonge amplifier or special emltter (cathode) follower am-
plifiers are required ard the output impedance and signal level will reflect the
type of ampliher involved. The signal frequency wlll range from near DC to fre-
quencies in excess-of 5000 CPS,

Thermoelectmc transducers consist prlmarxly of thermocouple devlces and are -

one of the most widely used senslng units, Signal outputs range from 20 to 75 MV. :
1 full sp‘ale_ depending on'the; type of thermocouple, The source impedance will

o 4-3
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sensitive resistors, thermistors, photo resistive celis, etc,

B LUV M)

: ; ‘ RECORDER
_ . _ - SIGNAL : b
 TRANSDUCER “{ CONDITIONING mgngY
h
TRANSDUCER
EXGITATION
© RESISTANGE :
TEMPERATURE
SENSOR

e,

AMPLIFIER - RECORDER

POWER
SUPPLY  LexciTaTion
SOURCE
FIGURE 4-2

Passive Transducer System

nominaily be iess than 100 ohms unless quite iong runs of high resistance ther-

mocoupie lead wires are used.

Capacitive transducers are usually used in con]unction with speciai RF or AC
carrier systems. The outpu* signal may take the form-of an FM signai or DC

. voitage, depending upon the type of signai conditioning used, The source imped-

_ance and signai level will be that of the required signal conditioning equipment.

"Inductivc transducers, like capacitive transducers, require special signal con~

ditioning equipment and signal characteristics wiii be that of the related output
device., :

Resistive transducers dre among the most versatiie and consist of many varisties

of reé_istive sensors. These include strain gage, potentiometer, temperature

These units are’

often used jn a wheatstone bridge configuration or as a direct signal source such
as the potentionieter or temperatw e sensitive resistor when provided with an ex-

citation source.. As the type of transducers are many, the output leveland source

_ impedance of resistive transducers is quite varied. Strain gages most commonly

have source 1mpedances of 120 and 350 ohms and outputs of 20 to 40 MV full scale

depending on the ampiitude of the excitation voitage or current. Semi-conductor

- strain gages wili produce up to 250 MV or more with the same Ievei of excxtatxon )
‘as the 20°to 40 MV fuil scaie conventional gage.

-
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Potentiometer transducers noininahy_ have source impedances from 10C0 to

10, 060 ohms and an output fuii scaie signai of 10 or more voits depending on the

excitation source, Other resistance type transducer signai leveis and source

impedances may range anywhere between the values for strain gage and potenti-

i ometer trangducers. Resistive transducers may use common or isolated power
LI supplies and may or may not be grounded. A wide range of signil conditioning

equipment is avaiiabie for this type of sensor.

4.1.2 TRANSDUCER ERRORS

Eiectricaf errors such as those created by common-mode voltages, noise, and
other electricai interference, have been extensiveiy discussed in Section 2. There¢
1s an additionai source of error in measuremerits related to the transducer which

: is invoived when overall system accuracy is considered. These are equipment,

' i xnstaiiatxon, and dynamic response errors.

i 2

Eguigment errors are related directiy to the transducer and associated signai
conditioning equipment, and are a function of linearity, hysteresis, stabiiity,
_calibration, and environment. Transducer data sheets pubiished by the manu-

facturer wiil provide information on some of the ab_.ove characteristics.

d

$ 4

Equipnient errors can be summarized as follows: -

a. Linearitv and hysteresis are functions of the physical characteristics of
3T : transducers., A complete transducer cafibration and cafibration curves
535 ) wiii aliow for data correction techniques such as scaiing, Ainearizing,
ffset correction, etc. by the data system

*
o}

lnstabihty such as zero and range drift add significant error to transducer
output,  Specification of stabiiity should be carefuily considered in reiauon
~ to system rehabihty and accura;.y

Tt
o

s e oo
b i

c. En"u‘onmental susceptibmty wiil cause_ consxderable error in transducers,
. ‘Whenever a transducer s to be used for a critxcai measurement, an evalu-
" ation of the transducer must incitde tests at the expected environment and

a complete cahbrauon and characteristic curve be obtained. :

: ] Instailat. lon errbrs of transducers reflect the variation between:the actuai physical
pirameters under test and what the transducer actualiy nreasures. Instatlation : ;
errors cin be mxmmi?ed by: _ B : ; iy L

a. Selection of correct focation for each transducer. 'I"yptcal examples include
location of vibration sensitive transducer on a {est-item being subjected ta
a vibration test. ‘The test iteni may have nodes of minimuni vibration at
whicb che transducer may be placed : ’

b Mamtaining ciose iiaison between test engineer and instrumentatlon engineer "
'_ m order to obtam maximum uset‘uiiness of each transducer. .

e
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: :Tra'néducér loading errors are changes Introduced intoa system by the trans<

ducer interfering with the normal operation or characterisucs of the system.
Typlcal transducer loading errors are:

a. Flowmeters or temperature probes lacated ln transfer lines

b. Large mass transducers in vibration tests -

¢. Heat conductive thermocouple leads in high accuracy temperature mé@isure-

ments. .

A reduction of transducer loading errors can be reahzed by one or a comb!natxon
of the following items: :

a, ‘Locate all flowmeters and temperature brobe‘s in continuous lines anc points

where turbulence or mixing of fluids, gases, etc. are not present
b. Use minimum mass transducers on test items in a vibration test

C- Prov!de minimum dlss!pation transducer elements in high accuracy tem-
perature measurements. :

Dynamlc’respr)nse errors are the results of the lim!t’ed frequency response of a
glven transducer with cespect to the physlcal parimeter under test.- Typical
respunse errors are:

a. AC coupled travsducers will not respond to a static offset and would not be
used in applicatior.s which measure slowly ranging functions

b. Thermocouples welded to a test specimen will have a much fésten response
© time (thermal time constant} than thermocouples encapsulated-in a test
. probe : i

¢ All transducers contain some characteristic Athermal, electrical or mech- -
. -anical) which will llmit the instrument's frequency response and show
up as phase, amph-.ude, or waveshape dlstortlon of the output signal,

‘To obiain data concz rning dyramic performance of a particular transducer the -

dynamic performace of the instrument should he tested The test method may
CCnslst of: i o

- a, S!mulatlng the specx[xc physxcal parameter to be measured

b. Ay Dllcatlon of a 81 ~ functlon will provide !nformanon rela ed to the trans-
ducer response to rapid parameter changes.

4.1, 3 TRANSDUCER CALIBRATION

41 3 l Dxrect Calibration

'Dxrect cailbrauon Involves sub;ecting the transducer to the actual physlcal param-

48

. eter under test such as temperature or pr essure.‘ This method:.
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a. Is only as accurate as the calibration source

b. Requires elaborate calibration equipment

¢. Difficult to perform with many types of dynamic transducers
d. Provldes overall system check.

Inaccessible transducers or parameters which are dimcuit to duplicate limit the
possibility of direct calibration.

4,1.3.2 Simulated Calibration

The simulated calibration of transducers depend to a large extent on calibration

curves or known parameters such as tabulated thermocoupie voitage output, Sim-
ulated -calibration includes : :

a. Voltage substitution for thermocoupies :
b. Resistance aubstitution for resistance type transducers

¢. Shunt calitration of ctrain ga; bridges, etc.

In this type of calibration the transducer is a part of the test circult and an overal’

"end-to-end" data system check is possible, The biygest advantage to the simu-

“lated calibration is that it may be automated and completed in a matter of minutes

prior to operation while a direct caiibration may involve many hours.

Transducer calibration should rmiect the expected operating range of the units, .

" Typical operating ranges are from 60 to 85% of the full scale transducer range,

The range of the transducer should be selected r=lative to the magnitude of the

' physical parameter invoived.

- A change in the type of transducer or method of obtaining the desxred measure-"

ment will often improve the accuracy ¢! the desired data such as:

: Loa. Smaii temperature changes are best measured with a thermistor type unit

b. Large temperature variation meéasurements are improved by using a resist- -

ance temperature unit or thermocoupie

c. Differential transducers are used where smau evadient changes are to be
nieasured.

4.1.4 TRANSDUCER SHIELDING AND GROUNDING

The shielding and groundmg techniques used for transducers may have sxg‘nificant
effect upon the noise it introduces into the data measurement. The following
methiods are recommended to eliminate or greatly reduce this noise.
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" a, Grounded Transducefs .

8
2.

:‘ .

1.

lnsuxe soiid earth ground connectlon

Provide 4 single comimon ground reference point tor all grounded trang-
ducer in each test area. See Figure 4-3.

- Connect !nstrumentation cable shield of each data channel] as close to

transducer ground connection as possibie

Use twisted shléldé_d thermocouple extension wires

Use a floating load on output of single-ended datz ataplifiers when ampli-
fier input is a grounned transducer

Cornect guard shield of data amplifier to lnput cable shieid

Always use insulated shie' led cables. Uninsulated shieids shouH never
be used in data instrumenatio: vstums. :

b. Ungrounded Transducers :

1.
2.

Provide a singl.e'common ground reference point for dii cable shieids

Ground.ail input cable shieids at tesi stand ground point

‘Pro‘ ide a continuous shield "bianket" from transducer case to the input

‘of the data amplifier . .
COnnect data ampuler guard shieid to input cnbie ahie'u :

- Do not ailow morc than one ground connection in each Input. cable shleid

-Use twisted sh_xelded cabies for ali instrumentation cables, includlng-

N ﬂoa.ting thermocoupie typé transducers

...7

Always use insulated shielded cables. o

i _'4. 2 AMPLIFIERS

Improper groundlng of data ampiiflers can be a source of noise by creatmg ground
loops and amphfym-y common-~mode to normal-mode conversion noise. The

i txers.

- 'fouowxng procedures shouid be adhered to when using and grounding data ampli-

a. Groundxng Deslgn Ruies for Using Singie-ended Ampufiers .

L

.2

!ndividual isolated excitatlon power supplie‘2 shou!d be used with au
bridge type transducers . ;

Only one- earth ground point must be used for recorder system; ground-
. point shouid be same ground point as trapsducer ground

: 3. P‘rov:de chassns ground connection to data 8ystem ground bus (plate) ; i
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© CADWELD
TRANSDUCER
'GROUND

TO SIGNAL CONDITIONING
 EQUIPMENT AND DATA
' SYSTEM

#4 AWG OR LARGER

BUS
INSULATED GROUID- -
T UWIRE —\ _
3] T .

~ TODATA SYSTEM
GROUND BLOCK

PROVIDE A COMMON

ENCLOSURE !

1

POINT TO COUNECT
SHIELDS AND GROUND

« BOLTED CONNECTIONS FOR

1 I‘, 8 .V
T _ L
37 A v
J-BOXTYPE,~" 1| L
! _

L]
O
) 5 o | )= PZRIODIC MAINTENANCE AND
I3PECTION
ISOLATED COPPER GROURQ/’»— o o |ofl :

4 |

PLATE (TYPICAL 3IZE =

6" X B"X3/4") .~

_i_ sl
#2 AE OR LARGER

‘o ,. ey REMOVABLF GROIUND INSULATZD GRUUND WIRE.
: RECCMMENDED e .
. NOTE: CROUND PLAYE SHOULD . * COPPER GROUND ROD OR
Kby BE PLACED AS CLUSE | ™S\\GROUND GRID CONNEC /10N :
£ . TO EACH TEST STAND POINT. GROUAD }CD SHOULD -
. 'AS POSSIBLE " - U 8E DRIVEN A MINiUM OF 10 FEET,
- - FIGURE 4-3 '

©

Typical Tes: Area Grounding T.chnique
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4. Slngle-ended amplifiers can be used in‘digital data acquisition systems if .

channel- to-channel isolation Is provided, (e. g. floating ioads such as
gaivanometers)

5. Singie-ended ampttﬂers shouid not be used with grounded (bonded) ther—. :

mocouptes to avoid channei-to- channei ground ioops

6. Singie<ended amplifiers should not be used with grounded bridges to
avoid shorting one leg of br_idg_e to ground

T - 7, Connect cable'input shield to: _

a) Test stand ground whenever posstbie -

b) Ampﬂﬁer lnput ground if connection to test stand is xmpossibie.
b

Grounding Ruies for U_sing Isolatea_DzIferential Amplifiers

* 1, Guard shieid of amplifier shouid be connected to input cabie shieid and
cabie shieid earth grounded oniy at the transducer ground

. Connect chassxs ground to aystem ground bus (piate)}
. _Connect ampiu‘:er output guartt shieid to system ground bus (pIate)
. Do not connect input cable shieid to ‘earth ground, oniy to guard shield

. Jfa permenant unavoidabie instrumentation ground exists at the test
stand as weil as at the data system, use isolated differentlal ampiifiers
to break the ground loop . ; :

shteid and earth ground cabie shieid to test stand ground.
4 8 RECORDING DATA ACQUISITION EQUIPMENT

" The devtces commoniy uSed for recording and data acquisition are listed below:

a. Digitai A/D system thh dlgital magnetic tape, punched paper tape, or :
. printer output - : 7
b Anaiog or FM Magnettc Tape
c. Oscxilographs :
4 d. Strip Chart Recorders
e X-Y Piotters ‘

The treatment of groundlng systems wtth respect 1o these recordtng devices fox‘ )
N minlmization of noise .:hould be performed in compiiancn w:th the prtnctpies set -
" Iorth in precedvtng secttons of thls Iutndbook. . ;
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' 5‘-_ 6 1t a fioattng transducer is used connec' cabie shteid to amplifier guard :
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4.3.1 DIGITAL A/D SYSTEM

Unquestionably, the digital system is most susceptible to noise, because of the
high resolution and accuracy which these systems offer (in the order, of 0.01%).
Grounding and noise reduction in digital systems must be in accordance to the
following procedures (for more detailed information refer to Section 2):

a. Use thickest available insulatlon on all digltai wiring
b, 'I'wist all clock wires and long signal wires with a ground wire

C. ere all digital circuits uslny shortest wire lengm possible, Use poxnt- to-
point wiring g E g

d. Provide as many ground return paths as possible fn all digital circuits. -
e, All ground wires must converge to system common ground point
. f, Maintain maximum distance between digital circuits and Iow level circuits

g. .Never connect analog grounds in such a manner that will cause any analog
circuit to share a common ground return path with a digltal ground return
path. .

4.3.2 ANALOG OR FM MAGNETIC TAPE

Maguetic tape is frequently used for high frequency data recording above 5 KC
data, . These systems are mostly single-ended and should therefore be subjected
to much the. same grounding practices as recommended for digital systems,

__Earth ground should be made at the test stand area with a single 2/6+or 4/0 cable

making connection to the isolated grounding plate within the tape cabinet. Should

~the tape channels receive data in parallel with other single- ended chantiels such-

as an A/D system then speczal care must be taken to minimize the effects of in-
herent loops. - A recommended dual recordmg sc_heme Is shown in Flgure 4-4,

The optimum method of recording two single-ended devices in parallel from the

same data channel is to use isolated amplifier outputs. This means that the am-
plifier nsed for'a given data channel will have dual outputs, cne lsolated froni the:
other. This technique breaks the inherent loop and thereby decrease., the nolse
which may result, ‘ > : :

4.3.3 OSCILLOGRAPHS

Oscillographs are unique recordxng devices when groundxng is considered because

‘by nature they.can provide isolated differentlal input channels. Each input channel

of an OScmogl aph is comprised of a galvanometer circuit. Thisg is simpty a fine _

- coil of wire to which a' light deflectior medium is afﬂxed A typical galvanometer

circuit is shown in l"igure 4-5,

a. Note that the galvo has no ground connectlons and, therefore, provldes a
reagonable degree of _channel_ isolation_. This means that provided galvo
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Ib. The shield can, in most galvanometer channels be grounded elther at the -
oscillograph or left open and grounded at the same point as the shield for toe

primary recording channel.

. imperance i8 not so low that it loads the signal soui'ce driving capabisity, it
* 'may be connected in parallel with most single-ended devnces and conlnbute
no loop effects. i

ORISR PRI SRS BRI Se e g

c. If the galvanometer is not connected in paralle! with' another recording device,
the shield and gaivanometer low side should be connected together at the

oscillograph and this connection carried ‘o the system grounding block.

d. The oscillograph, as all recording equipment, should be ieolated except for
" its connection to the isolated cabinet and hence to the grounding block.

4.3.4 STRIP CHART RECORDERS

Strip chari r2corders are mostly ~*ngle~ended devices,
basic factors should be emphasized. When using a strip chart ag the oniy recording
device for a given channel, the channel may be connected directly into the recorder

as shown in Figure 4-6.

When another system is connected in parallel with a strip chart recorder channel,

a more complex situation exists.

imgeddnce change and an accompanying voltage feedack can be coupled directly - -
from the strip chart input over to the input of a parallel recording device such as -

Because vf thia, some

Since the strip chart ie a nulling device, its
input impedance will change while it deflects from one: position to another. This

an A/D channel, Gross error can result in the A/D system. This difficulty can
" be resolved by using resistive igolation as shown in Figure 4-7 or by employlng
- dual ampliﬂer outputs, one for éach recordmg device, as deacribed for anau.,g

- tape systems above
4.3.5 X-Y PLOTTERS

- X-Y plotters are provided in either digital or analog input configurations. The

- digttal type plotters are usually connected as peripheral devices to computers or

A/D systems and are grounded in accordance with recommended dIgltal practices

presented in Section 2.

. Analog type X—Y plotters are normelly single-ended and shcald be grounded ard

_connected in the same manner as described for strip chart recOrdera above

4.4 SYSTEM ISOLATION

Isclation from an overall systems viewpoint is in_cmdéd in Section 2, Paragraph

2.2.4, waever, power isclation will be described in the following paragraphs so .
_that its importance may be better illustrated.: ‘
mentation system, is the physical separaiion of the facility power system from the

. Instrumentation power systém, and the separation of e\zsceptible areas from noise
; generators. Assoclated with power isotauon is the separaticm of power grounds in '

" each system.

e e S g g

Isolation, as it applies to an instru-
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: Reslsuve Isolation of Stnp Chart Channel trom A/D Chaunel . .

4.4.1 POWERI?OLAiIOk : . o iz : ‘ !
- The fac:hty power system when used to supply power to a test facjhty carries with

it'two types of ground circuits, One ground circuit is called the power neutral

and is part of the main current supply The power neutral is a current carrying

ct rcuxt -as lustrated in Figure 4- 8. - The voltage on this line with respect to earth

wil be zero but the current supplied to the load must return to the genefator, thus -

the current In the line will not be zerv, The other ground circuit assoclated with

the facility power system is the eq;uiprhe—nt ground. Its purpose is to offer.a very :

low 1mpedahcépath to earth from all metat enclosures and housings for fault cur- .

rents caused by accldental shorts, in'sul.qtl_bn breakdown, or iightnlng surges, eié. & Tha
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NEUTRAL

EQUIPMENT GROUND.

FIGURE 4-8
Power Neutral Circuit

During normal operating conthlons thls ground circuit wiil not have current {low-
ing throuqh gt i , :

Each of these grounds is usutlly connected to earthat the primary power distri-
bution point such as a sub-station or a stepdown transformer. A common-moede
voitage can be formed between this power ground and the instrumeutation ground
when the two ground systems are connected together. ‘This may result in large
60 cycle potentlals in the equipment cabinets as well as in the data system ground.
For more Informnatlon concerning the common-mode generator, reler {o Section 2

'Paragraphs 2.1and 2.2,

. By properly lsolatlng power from the instrumentation system, the elfect of the:
" ¢ommon-naode voltage betwezn the power sYys tem ground and instruthentation sys~

tem ground can be ellmlnated A box shielded 1solatlon power transformer must"
be instalied between the instrumentatlon system and the power distributlon point.

'Fxgures 4-9 and 4-10 lllu%trate two simllar systems, one without an isolatlon -
B transl‘ormer and the other wxf‘- an lsolation trans{ormer. 5 3

4.4.2 EQUIPMLNT ISOLATICGN

The use of power lsolatlon trﬁstorrwrs will not’ completely provHe cablnet lso~
lation from ground. The following ‘,rocedures are requlred to complete. system
«nd power isoiation: : g

. Use non-conductive mater)al lor condult l‘rom cablnets to junction boxes, .

_cabinet to base fasteners, ete.

; b. Use fibergiass lnsul“tion sheets between data system cabinets and the Iloor V

: c. Al externally gl‘Ouﬂdud equipment must not be in contact wlth data -system
~ cablnets g 3

 4-15

PSSOV I

| westrie

P PO

R N

)

S LW & T e

ey vt

e 5 et A o B e e g i o R




L Speat

e Arw i n ety o S ey S S e Cradi iyt i b= g

\ ‘f‘
3
; d. Use ngxd steel conduit for all AC power c'xbhng inside data system cabinets ',
e, Insulate data system ground plate from cavcinet by fiberglass: sheets .
- f. Connect ali equipment cabinets to system ground plate via band stmps .
~ g. Connect system 2/0 or 4/0 ground bus tc ground plate and carry ground bus to .
test stand ealth ground point : o
h. Twist all AC power circuits inside data system cabinets. _ L ar
| DATA | MY R
i : g ‘ e g S_YSTEM R
GND PLATE : _ S
T |
vz !
NOT RECOMMENDED
FiGURE 4-9
Instrumontahon System Without Isolation Tra nsier )
DATA gy o
e ik SYSTEM r AR "l AC
L : . I ti 11 ] y SYSTEM i
I N l‘i"l _I_'"\
GND PLATE \ 5 | be 1 4
R T : L‘_.’...._JL"_EIL... I
R e ¢ J i
oy ’ 1 S
i : : . 0_P\‘_'-' o :
L " POWER ISOLATION : i
s “o . . TRANSFORMER . /777 /T17
: .- MOST COMMON MODE
5 CURRENT WILL FOLLOW
L t.+ - THIS . ) . :
: Rscommsnoso e NGh P R
A e FIGURE 4-10
R _i ‘ Instrumentatmn System With Isolatmn Trans{ormer
44 3 TEoT ANDINSTRUMENTATION AREA ISOLATION :
5 Usmg a single pomt earth ground system for instrumentation and data acquisition -
i will provide minimum literference from ground potentials, However, if the data i ’
AR P S R e S R TR ) i
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i ; ' system is not carefuily monitored, accidentai shorts and insulation fajlures will'

cause unwaunted ground ioops. The foliowing procedures are designed to maintain
a data system free of u_nwah'ted contact with ground.

a. -Use test stand ground and connect a 2/0 to 4/0 AWG insulated ground bus
ﬂrmiy to it ' ’

b. Carry ground bus to recordmg are and connect to data .-.ystem isoiated
common ground bus . or plate

c. I‘rovide complete data system cabinet isoiation above ground with hbergiass
sheets, nylon bolts, ete

d. Connect ail input instrumentation cabie shieids only to test stand ground.
Amplifier output shields must be grounded to data system.ground

e. An AC data system with unavoidabie grounds at test area and re@ording area,

AC shielded Isolation transformers are maybe required to prevent earth
ground loop between the twa areas as shown in Figure 4-11,

AC TYPE
TRANSDUCER

SIGNAL LINE
LINE TRANSFORMER

i

WIDEBAND )
AC AMPLIFIER

KRECOMMENDED

All} ' —

' FIGURE 4-11
thelded Isojation Transformers

4.5 CABINETS AND STRUCTURES

properly grounded to an appropnate ground system.

“a. Conipfetely isolate aii data system equxpment from the local or biockhouse
uk : ground and have it tied to the grounding system focated at the test stand in
i use o R .

b. Ail data system cabmets within the biockhouse must be 1soiated

- ¢, Where the above xs not practical, aii data system cabinets shouid be con--

nected to a common gro..md bus system within the recordhg roem or block-

house o

—— i ) e o e e e 8 U o et =L

Cabinets, cable trays, power ducting etc. should be desxgned so that they can be .
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d A large groumi bus must be provided to connect all cabinets together to the
ground bus system

ey

e. Cable trays and pc')\&ie_.r ducts shouid be.firmly bonded together and to ground
f. Cabie tray:s and powér ducts must never be in electrical contact with isolated

data system cabine’ts

g In the case where complete cabinet isolation is not feasible, a less effecuve
but workabie approar'h wouid be to prov:de two separate ground czrcuxts ’
from the same ground point within the recording area:

PRUPRES

1. Power ground, used for the grounding of all cabinets and hardware -

2. Instrumentation ground, used oniy for the grounding of the instrumentation ;
circuits (see Figure 4-12)*,

COMMON GROUND POINT—> 5 S
g,
N INSTRUMENTATION
cmcuw\ +~GROUND CIRCUIT . |
AC POWER | INSTRU- )
EQUIPMENT " MENTATION s R
CABINETS 2 oL e il
¢ _I_ : ' 2% .1 LEAKAGE . . 2‘3-‘
1 T B . Co=TIMPEDANCE = = = !
ok l e o il I TOGROUND . - {
"' RECOMMENDED = "Iu-
- FIGURE 4-12 X

Slmpilfled Dual Ground Circuit Conhgurauon 8
COMMON GRQUND PLANE .
_ The common ground plane is the single earth ground connection area for the instru-
- mentation ground, to be separate from the power ground if possibie. Power

]
Ly

grounding systems have not been included in this handbook sirce an abundance of . i
. ‘The net result of this d_uai'g_round‘cirCuit‘ is t‘o ajiow AC power current to flow "
.- through a separate circuit and back to the power distribution system while the 7
ground:circuit used for instr umentahon puxposes 8 reiatwely free of such ) %

_ dxsturbances. s

it P B S g a e S Ve R i 5




_,___’
e —
§

et BRI =k S L ol . 2 2 b s B i ey s s s 2

|
S "\.___._.‘.,. BTy ‘..'~;..'-$-,.'~t..;.vé‘l.t:,w.»wq VBRSO -\v S ,y,{ra?\.y: e T ;_:T,:L -35»'-
s I b
T 1

| |
material exists on power system grounding techmques. Therefore, a more, spec-
ific coverage 1s’ Included relative to instrumentation sysiem ground connections. :
For the purpose of this section "grounding' will be referred to as "earth ground- :

= ing'" unless othervise specified, Figure 2-16 ulustrates a typical system
grounding deslgn. N .

R Durmg the design phase of an instrumentation facility, both power and instrumen-

: © tation g,roundmg systems should be considered individually as well as in relation- -

i - ship to each other. Both grounding systen:s are divorced in application, but cannot

% : be divorced In implementation, as both must be 1mplemented during construction
" and steps should be taken to electrically isolate the two. systems so that the instru-
mentation system will not be affected by the electrical power system. More infor-
mation on this subject is included in Section 2 and the Bibliography. '

The most important reason for grounding of any typé of equipment is to insurc

that no voltages are present on accessible areas of equipment which will eudani;er ) i
the safety of personnel. In additlon to safety, naise reduction and elimination

must also be considered. This type of grounding is usually in the form oi shield
connectlons to ground, prevention of ground loops in the wirlng, and provislon of
multiple ground paths in digital equipment, These grounding techniques have been -
discussed in detail in previous sectlons. - '

% Lt
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The following establishes a set of criteria for the proper technlque of equipment .
grounding and the connection to earth ground:

S

R

a. All cablnets of the 1nstrumentation system must be bonded together as illus-
trated In Figure 4-13 : : . ;

b A ground wire (#10 stranded or larger) should be b0nded to the cabinet and
connected to the system ground plate :

c. All subsystems mounted in the cabinet bays having swnng-dut or pull~out
panels, doors, drawers etc., should have a fiexible ground connection’
from the movable module to the main chassis - P ; :

CUL 0 JOINT CADWELD OR e

CABINET FRAME EJOETED

#10 AWG CONTACT SURFACES MUST

CR LARGE

=™ onLy oNE REQUIRED.
WORE CONNECTIONS

LR RF Arihs, \ggwgg g',}v,f e
; TO SYSTEM T i BRASS OR COPPER
" GROUND PLATE. e iRl iap BOLTS ST
. & o ; D B : - U
Hil FlGURE 4-13 TR :
Detail of Cabmet Bays Bolted Together BT i }; o
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If'the Input to the data system 1s single-ended, a second isolated biis can'be
provided to which.the low side: of the signal wires can be connected (see
Figure 4-14}). Adequate channel- to-channel lsolation must be provided, such
as commutatlon. 1so1ated ampleiers f'tc. :

If chanrel-to-chdnnel isolation does not exist; each shield ground and low
side of each chanrel must remain separate so that ground loops are not
formed between channels el

. The luput ground bus must be connected to the system ground plate by « #10

or larger insulated ground \vu-e .

If the low slde of the input slgnal wnres are bused to a common pomt as :
shown in Figure 4-14, this point should be carried through the input device
only and not connected to ground plate except at the load or A/D converter
digitizer as shown in Figure 4-14

. The ground_ plate should'_be mounted on fiberglass sheets, with nylon bolts if

necessary, to isolate it from any unintentional ground. A large insulated
ground wire, # 2/0 to 4/0 is bolted to the ground plate and carried-to the
test area ' o ;

The test area ground plate should be located as close to the test stand as.
practical : : '

Each test stand or ce!l s‘muld have a bonded gmund strap of #4 or lar;_,en

i - 1nsulated copper wire runmng to the ground plate as shown in Flgure 4«3

Fxgure 4 15 illustrates a grOund bus wire connucted to a ground plate located ln a
_ test area. The .ground plate serves as a common tie pomt for all ground wires
_connected from the test area lnstrumentatmn, such as shield and test stand ground

straps.

i'_ a.

“Many test faclhtles, thh more than one test, area may requlre slmultaneous oper:v
" tion at each test area

Connect the test areas together by using a heavy copper msulated wire car-
ried to each test area ground peoint as shown in Figure 4-16 ;

. One varlatlon to thxs method is connectmg each test area around bus to a

common iso)ated tie point located between the test areas and carrymg a
single bus wire to the data system as shown In Fxgure 4-17

It ls 1mportant that the impedance between the two test area eround points
- remain as low as possxble so that the common- mode currents will be re« .

stricted to the grounds between the test areas, and not between the test areas

“ and data system

Where multiple test areas are a partof a test facxlltyit is common that only one
test area will be used and sxmultaneous operatxon or data acqulsntxon from both et
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2/0 or 4/0 GROUND BUS

" 2/0 GROUND BUS

b conuon mopE 4
7777 “GEneraTOR 7|7

GROUND
PLATE
o

2/0 GROUND BUS -

FLOATING

- DATA SYSTEM
GROUNKD PLATE

RECOMMENDED

-

Lo R . FIGURE 4-16 . SR S
_Two Test Areas with Heavy Ground Wire Connected Between :

Them to Reduce Effect of Common-!{ode Generator
TESTAREA A : ) ) -

 TESTAREA B

ISOLATED - '
TIE POINT

. GROUND
'2/0 GROUND BUS

2/0.GROUND BUS P‘-g"ﬁ

|- 2/004/0GROUND BUS .

 : ¢ :

© DATASYSTEM
- GROUND PLATE

RECOMMENDED
" FIGURE 4-17

Two Test Areas with Ground Bus Wires. Connected t0 an Isolated Tie Point
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3 , £ .
I test areas is not required, Each test area shouid have an earth ground point. In- - i :
T order to eliminate the conmon-mode gcnerator between the test areas, the ground 5 .
) _ |y ? ; connection betwcen the test areas is broken with a switch. Thus, when one tesl
- : . e area is being used the other one is completely isolated {rom the data system.
o This switch may be a heavy duty manual knife switch or mercury relays autuma-
: tically controlled from the data system area. Figure 4-18 illustrates a typical __
; two test-area configuration using switched ground buses to the data system, Note . =
} that by using relays, an added safety protection can be utilized which knife switches (
i cannot offer, By connecting one norinaily-open and one normaily-closed relay for .
: grounding, a ground connection is insured even in the event of power failure.
TEST AREA"A" .~ S R e B R ; §
i
1
-~
r/ D CROUHD BUS
: 2/0 INSULATED CROY U - DATA' e
e : SYSTEM 4 i
i ) i i S . % j
TEST AREA "B" .GROUND}
- ' PLATE } - ==
é ' {
gl 2/0 INSULATED GROUND BUS | _ : I i
' oK - rrrrrezzz o b

. RECCMMENDED -
e ' FIGURE 4-18 ot 5 '
. Two Test Areas Using Switched Ground Buses to Data System - - i
‘} A :>
424
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-'5. OPERATIONS MAINTENANCE, AND MODIFICATION

~ The mformatlon included ir. this section is Intended for the general use of instru-
mentation technicians whose job function is to onerate, malntaln, and modn’y ex-
Jstmg ins: rumentauon equipment.

In prevxous sect tions, grounding and- nolse reduction techniques have been dxscussed
in detall regarding the overali instrumentation system as well as the components_
- or subsystems.. When these techniques have been thoroughly consfdered dnd a
grounding philosophy has been established and tmplemented into a system It be-
comes a responsibility of the instrumentatic: technlcian to foilow the system
grounding techniques and rules to the fullest extent. Before changes are made to
the basic groundlng design of an existlng facility a thorough check shouid be made
in order to détermlne the extent of the problem and whether cr not ail grounding
rules have been followed. Signal patching using plugboard type patching is 2
common source  ground loops. These patchboards should be clearly Iabeled
and carefully checked betore each data run,

-y

5.1 NOISE MEASUREMENT

-

' In order to present recommended methods of noise deflecﬂon and measu"ement
a typleal A/D system is used as a model, The discussions which follow apply to
. this typical system and applicable measurement techniques ‘whlch have been suc- -

=% cessfully used In the fleld (see Figure 5-1). v
~;.,' " With any noise measurenient, two important parameters to be remembered are
1 a. peak-to-peak notsz amplitude

b. frequency of- the ma]or niolse components

These two parameters are difficult to measure with a dlgital system because of

' . its characteristic as a sampling rather than a contlnucus monltorlng devlce.

S 'The RMS value of the noise signal wili be of little significance, The analog—te,- .

s 'digital converter in a typical digital system wiil read peak-to-peak mﬁp}itu’de.

" Knowing t‘ﬁé”fi‘é'cyk?ndj of the major components of the noise will point to the
7"'_cause. For example, if 60 cycle is present it would point toward the power

Most _rhg:tal_ dats acquxelﬁion systems limit the input data Irequency to approxi-
-mately 500 cycles or less. Therefore, high frequency noise present on the data
_ 'Input lines to the system is rot carried through to the A/D'con'.'erter. Any high -
_ '_,__'»frequency noise present at the input of A,"D converter ls usually generated within
: the_'data system. The most common approach to the detection of the noise

T e g

v ground system, If 120 cycle is present it would point toward power supply ripple, »
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. FIGURES-1 _ 7
Typical Data Acquisition System i
i

generator is to start at the output, usually the A/D converter and work toward the
input, The most convenient piece of test equipment used to make noise measure-

ments is the oscilloscope.

5.1,1 EQUIPMENT

The requlrements for an oscnlloscope to make nolse measurements are as follows-_ i
>a. High-galn vertical ple-amp.iﬂer 5 e ey i
b, Wide band * " - : 2 B L G ac W e
.- Floating diﬁerentlal fnput. e R e g oo
d. Power lme 1solatnon to the scope 05 _ s mne . st .

If the scope does not have a ﬂeatmg dxiferentxal lnput and the case ls connected to

power gmund the scope will introduce noise into the system under test. Any noise

measurements made under these ‘conditions will rot be. valid, Isoiatlng the scope

from power. ground by means of a Faraday shielded isclation transformer will in-

sure proper 1solatxon and also ellminate the possxbxlxty of shor..ing out any inputs -
whille m.ikmg differential measurements. it

: 'I‘he malh advamage to uslng an oscilloscope for nolse measurements is that lt ' T :
glves u graphical representation of the noise showmg both peak-to-peak amplitude

+ and f rf.,uency. ‘Since the oscilloscope displays all frequencies within lts band- . -
wxe(h at one. tlme it is sometimes dlfricult to ptck out the major frequency ) L

N "’“,"“"’""”'. 2

L EA

e £ i N it om0 - = 0

- T e S i it 4 s L TSy B €30

RSN, o ST, ORI b N0 T, SR R At



;::‘: = | 33

:

bt

iy’

o —y

X Fe
i

om0t e A A SO

components of the nolse, One approach to solving this problem is to usea
spectrum analyzer In order to separate the nolse into its Individual components.
Ancther approach is fo use a variable-bandpass filler in front of the osciiloscope,
The same requirements for powerllne isolatlon apply for all pieces of equipment
used In the noise measurcmerts, '

5.1.2 MEASUREMENT OF NOISE

Figure 5-1 shows a hypothetical system on whlch the. noise measurements will be
made. Figure 5-2 shows the oscilloscope conflguration used to make the noise
xneasurements. Nolse measurements are performed in the following manner;

a, The vertleal input to the scope should be shielded wire, ;

b. The amount of exposed wire at the probe end shouid be kepi to-a minimum,

¢. Flrst check lo be made is to short the scope probes together to measure
the inherent noise of the scope. The inherant noise of the scope mus‘ be
very small when compared with the nolse to be measured,

d. The scope should be connected across the input lo the A/D converter.
1t will be necessary to trigger the scope from the "digitize"command.

‘e. The aweep tlme should be set to colnclde with the analog-to-digital con<
verslon time. (For most high speed systems a time base of 10 micruseconds
per dlvislon wlll be sufflcient) ' )

f., The scope now dlsplays the nolse which the A/D converter receives, Any
noise present at times other than the digitizing time will have no effect oh
the digital output. Nolse present on a singie sweep of the scope would '

" most likely be caused by a sample-and-hold ampnﬁer, the A/D convertfer,
or the dlgital commantls between the two, Auny varlation of signal ampli-
tude from sweep-to-sweep of the scope (assuming system mput constant) .

- will most likely be caused by circuitry ahead of the A/D converter. T e L0

g. If the noise 18 found to be forward of thé.A/D converler, connect the scope A

acrosg the lnput of the sample-and- hoid ampllfier,
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. Noxse Measurement Conﬂgﬁratxon
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5.4

Sa

' h. Trigger the scope from the commutator drive pulse; if the digltal data analy-
sls showed Individual channels, -rather than all channels to be nolsy‘;' one of
the noisy channel drive pulses should be used, otherwlse any channe] drive

' pulse can be used.
l." The sweep time stiould be set to coinclde wlth the sample tlme, For most’
systems a tlme base of 5 USEC per dlvision will be sufficlent,

R Record the value of noxse present. A scope camera would be useful for this

" purpose. i
k. Disable comm.atator operation and place a jumper from the commutator input
i0 output. : g :

.1, Record the valu2 of_,noise. A dlfference between this value and the previous
value would Indicate that the nolse ls generated by the commutator.

- - Possible causes of noise in the commutator could be malfunctloning commu~
tator switches, improper sxgnal and shicld terminatlon, or power st.pply
noise pickup.

m, ¥ the nuise is found to be forward of the commutator, move the scope’ probes

to the output of the {filter, -
n, The scope should be triggered Internally. There should be no noise preSent
beyond the bandpass of the filter.

"0, From this point on the easiest approach to the detection of the noise genera-
tor is to leave the scope connected. to the outbut of the filter then break a
connection and apply a short across the line. Using this technique, work
toward the transducer. The polnt at which the noise increases indicates
that the noise generator is located between this point and the previous pomt.

Another useful tool in the determinatlon of noise accepted by the A/D converter of

a diyital system is a resistive ladder network. A simple four reslster clreuit
may be assembled 1n a matter of minutes,to permit the technician to make precise
scope measurements of the actual digitized noise, Figure 5-3 illustrates the cir-
cuit and method of connectxon to the A/D system;

Five percent carbon resistors may be used and connected to the A/ Dor A/D dis-
play hold regisier (may be least significant bits if a binary A/D converter is used)
Aftel makmg the connectlon shown, perform the followmg steps

- a. Place the scope in DC input operation wlth a hxgh sweep rate (10 micro- - 3

' seconds/ccnu“v.ter is sufficient,

, b, The A'w “m is then placed in standby condition so that the A/D "unlts"hold

registet : - wnanually set to the desired count values,
“e, Step the univ.: decade mzmually from 9" through "9" (Note the sweep nse
- on the scope face) -

cl. At edch sweep posmon, a strip'of masking tape en the f'zce of the scope E .

‘should be marked with the equivalent decimal setting of the decade. Thls "
calxbrates the trace. .
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" 'Now, if the A/D syétem is placed in normal operation, the least slgnificant bits of :

each sampie of the A/D converter wiil be shown on the scope since the weighted
resistors perform dlgltal-to-anzing conversion. L the system input voitage is set
to provide an average scape reading of 5 counts then the ‘otal "éount’ spread"

may be determined by tha trace excursions «bove and uelow this vaiue (p:ovxded
count spread doesn't exceed 10 counts below 0 or above 9), -

The D/A technique can provide very usefui information in determining total ac-
curacies of a digital system. X 'he hoid register is gated for a selected channei,
the nolse for only that channel wul be displayed, thus providlng me.mujful noise E
data on a per channel basis,

Dlgit.al syste’m noise is gsually 'spe'cified asa percenf of full scale. I -full scale -
is 8999 (0000 through 9999 is 10,000 counts) and count spread is six counts
(43442 to +3448 for example) then the noise is 6/10,000 = 0.06% or £0.03%,

" 5.2 SHIELD CONNECTION

The shield conneetion will be regarded with respect to instrumentation cable
shields which originate at the transducer or test area and carried to the data ac-
quisltlon system, The purpose of shielding is generally recognized as a means
to prevent extraneous nolse from interfering with sensitive slgnal lines, The
most comnion cable shleld is the braided copper shield, One other cabie shieid,
aluminum fuil, 1s becoming more popular because of its smeld coverage, lower

cost, and ease oI handling. A/D CONVERTER i
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Regurdless of the type of shield used it 1§ possible to cause more noise in .tﬁ"e k
signal lmes by improper grounding of the shielas thanthe extraneous nolse which
is being shxelded against. If a closed path s formed by the shield between two

e

ground points a current will flow through the shleld, If the ground connection is lr > E

an earth ground, 60 cycle current will flow into the shleid, The capacitance of i ’}

the wire to shield wiil aliow this 60 cycle earth current to be coupled into the %
signal wires as shown in Fxgure 5-4, T §

. : ] 3
N-FF=—fr--~1 NN
i : - T
<_ : .d:»: + > § g

- -1 T
b 4 UUKJ__} : / -]‘ ?
§o o | o [erouno® )

v cm : - : PLATE .

E

()
\ -

Neciod

NOT RECOMMENDED -

' FIGURE 5-4 )
Shleld Gmunded at Two Earth Ground Points"

S A g9 e 1

i - 5 Fa oty : Thereforel the underl | 7ing purpose in proper groundi_&of cable shlelds ig to gre—
: ey L : ventgmund loop currerts and to provide a low reslstance pata to earth for exﬁ-a- >
. _neous noise ‘pick-up in the shield. ‘ ;

s =
AL g il

As the slgnal levels of transducers are Iowered the noise suscephbxhty of the
tranisducer signal lncreases. In some test facilities where all data 'is being re-

: corded for lowaccuracy "quxck ~look" type testing the reductlon or mInimization

of noise is usually not emphasized, However, ina complex tes:! facility wh_ez_-e
many channels of data are to be measured and where the pre-test set-'ﬁp takes
nmany hours or even days xt is important that the most accurate and reliabie data
be obtamed so that the test will not have to be repeated unnecessarily, Thus,
every precaution must be taken to assure nols+= free or near noise-free data.

G ~termmatmg the cable shield at the transducer.

- Figures 5- 5 and 5-6 illustrate the recommended meéthod of properly groundlng and ‘- % :
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N\ SHIELD CARRIED
REF, JUNCTION THROUGH J-B0X
TEST AREA
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© | RECOMMENDED.
. SHIELDED EXTENSION WIRE TEST AREA
e J-BOX\\(I" e
. N ) o 0 WG & ram
‘ S
e i
B > 1

B e

L womid’ -

S o 2
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smswc CONNECTED
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COUPLE AS POSSIBLE A .

FIGURE 5-5

A
Y v

Lo

i -RECOMMENDED :

SHFEL’D CARRPED
THRGUGH J-BOX

B
R

Cable Shield Groundmg Procedures to Minimize Noise Interterence
in Ther mocouple Transducer Signals

Once the transducers have been connected into the signal line, the data ampli!xers
arethen connected to the transducers. Generally there are two types of data ami-

pliﬁers used in instramentatton:

- Single-ended wideband AC amplifiers and
b Differential isolated DC ampliiiers.

Figures 5-7 and 5 8 mustmte the proper ﬂ’roundlng and shield connections x’or

these amplifiers. B

e Single—ended amplifierb are most commomy nsed for wideband data measmements ;

© with AC type signals.
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A. FLOATING BRIDGE " SHIELD CONNECTED:
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TEST STAND ONLY:IF TRANSDUCER CASE IS TEST AREA ISOLATED DC
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_ RECOMMENDED
B. GROUNDED BRIDGE - TEST AREA
. J-BOX
2 4-G0% .
& LY 7N,
| 5.
1 _ L TODATA
. o ¥ { SYSTEM
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L INST. GROUND
: ' ! POWER
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.27 TT ;
o e stine gl 8 /
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SUA . U GROUND USE THIS CONNECTION ONLY IF SHIELD NOT
ot 7 TRANSDUCER CASE IS NOT WELL CARRIED INTO
GROUNDED OR SHIELDS CANNOT POWER SUPPLY
BE CONNECTED TO CASE. CHASSIS :
4 RECOMMENDED
o FIGURE 5-6 : '
Cable Shield Groundmg 2rocedures to Minimlze Noise Interference
Fni in Btidge Tran:ducer ngnals :
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st 4 AMPLIEIER
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L GROUNDED T
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SHIELD NOT
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RECOMMENDED

FIGURE 5-7

: Shield Connecﬂons for Single-Ended Ampliﬂers

Shield Connections ior Dmerential Ampliﬁers :

i SHICLD CARR;ED " QUTPUT SHIELD
R RS RS-
e '\ ,! SHIELD
L i : 1 3 5 1 & 1 | 2 :1

ey | 1 l;> ' 70 DATA
: ' . il I of SYSTEM
. < @ },U——-iu‘ | I et N
& X
- ey > CHASSIS CONNECTED
L TO DATA SYSTEM
: SHIELD coamecrsu J-BOX GROUND =
RS :
© | THER LE A QHIELD CARRIED L CABLE SHIELD
= - AS POSSIBLE . THROUGH J-BOX  CONNECTED TO AMPLIFIER
e LR G T A . GUARD SHIELD TO IMPROVE - . =
ok 1 COMMON MODE REJECTION.

RECOMMENDED
FIGURE 5-8
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lsolated dltferentnal ampllﬂers are commonly used for DC slow varymg s1gnals
such as thermocouples. ;

" The use of single-ended amplifiers 15 reﬁullred In many anpllcatlons; therefox:e,' it

Is necessary that all shleld and signal wire connectlons be carefully considered

" and checked so that no gx‘ound loops are formed between test area and data system. .

area, Figure 5-9 lllustrates how a ground loop may be formed by lmproperlv
grounding of thﬂ shields.

- NOISE CURRENT COUPLED RECORDER
‘ INTG SIGNAL WIRES (<
e N _
el
A S —— B W v
| : Vv I '
— o —_p o — = — ——
w SINGLE-ENDED
I . AMPLIFIER
‘ . -
% ;
E .

LR
 NOT RECOMMENDED :
' ' FIGURE 5-9 ‘ o
Ground Loop Formed by Improper Shield Grounding

i ‘Another lmportant consxderatlon is that of formmg channel- to—channel ground lOOpS .
" as shown in Figure 5-10, : ;i

To lrevent these ground loops install isolated duferential anpliflers In p]ace of

single- ended amphhers or m&.tall 1solated DC excitatlon power Uﬁles 1n each :

channel,

When groundmg the instrumentatxon cable shlelds in the data system the foliowing
qteps must be 10110wed . 2

a. ‘Grounded Transducers (see Flgure 5 IlA)

Do not connect cable shield to ground at the data system input if 1solated
i di[!erentlal .1mplxhers are not used in data llne :
;0, Connect cable shield as cloge to. transducer ground as possible -
3 if signal drives load dlrectly, load must be isolated from ground to
5 ‘prevent ground loops
4, Carry shield‘ through all terminal boards
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b, Ungrounded Transducers (see Flgure 5- IIB)

1. Do not connect cable shield to data system ground if tsolated
differentiai amplifiers are not used in data line :

'2. Connect cable shields and transducer caseé to single ground pomt in
the test area . "

3. Provide test area ground polnt for grounded transducer case if case*
does not have solid ground connection

_ 4, Carry all cable shields. through each termlnal block for the entire
cable length, ' LEEeE

¢. Single-Ended Data Ampllﬂers (see thure 5-12A) e

1. Do not cunnect shteld to ampliﬂer Input ground if transducer ts
" grounded, 4
2, If transducer and transducer case are completely floating, conuect
cable shleid to amplifier ground, :
3. Do not connect amplifier output ground to output cable shield. Shteld
- will be grounded to data gsystem ground bus,

4, if a floating transducer is used, connect cabie Input shield to amplifier o

output cable shield to ampl'ifter output ground,
d Isclated Dif!erenttal Ampliflers (see Figure 5-12B)

"1, Never connect amplifler input cable shield to ground.
_% 2. Connect input cable shield only to amplifier guard shteld.
.. 8. Amplifier output cable shield should be connected to amplmer output
© guard shleld, if provlded L
4. Amplifier {nput cable shield must be grounded on!y at the test stand
transducar ground, )

5.3 SIuNAL GRQUNDSl EQUIPMENT GRQUNDS, AN‘D POWER GROUNDS

The ground clrcuits of a data instrumen’(ation system are mtegorlzed as fol(owa:,

~a, Signal Ground )
" b. Equipment Ground : :
¢. Power’ Ground R

.-

Signal grounds are Iu "ther c!assifled lnto analog ax\d dtgttal grounds as tndtcated‘.—':’ :
'below' A ¢ :

it s

tiF: v _The ahalog grmmd clrt:ult begins wlth the transducer clrcult ground and

Is carrled up to the data ampliﬁer tnto the data system and to the tnput i

of the A/D converter.

- b. The digltat ground ¢ircults are those ground circuits assodated wtth the
output of the A/D converter and carrled throug;hout the 1ogic ctrcutts in
the digltal portlon of the system ) : 3
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Equipment grounds are defined a8 those ground connections which are used to con-
‘nect all equipment cabinets, chassis, panels, and enclosures to earth ground in

order to p.event dang~rous potentials and fauit currents from accuring on ghe
equipment, These grounds will usuaily be {n the form of bonding straps, large
copper wire connections between equipment cabinets, ete,

The power ground circuits are the ground and non-cufrent carrying circuts as- ‘

‘sociated with the AC power to the data system which is connectec to earth, The -
power return is the neutral or iow side of the AC power circuits which originates
at the load and are carried to the transformer (see Flgure §5-13).

The power ground is commonly connected to the center tap of the ‘gecondary and

' presents a safety path to earth for fault currents such as accidental short

circults in the AC power llne.
5. 4 GROUND LOOP PREVENTION AND DETECTION

. As discussed in the previous section ground loops can be formed by improper con-

héctlon of shields, signal wires, and ampiiiiers, The detection of ground loops in
a signal path is not always simpie, however the common ground loop signal in an
instrumentation facility wiii be mostly a periodlc noise function at 60 CPS

S‘NGLE ENDED

\ / AMPLIFIEP.

s y
4l
~——]—p———
F _/ }
T I
o\ k] DATA
- GROUND LOOP 1 _
: CURRENT PATH | SYSTFM :
I \ |
]
3 >
v iy i '—-l—---_.._..___,_,,_____.\\
I ; |
s / .,.____*__“_“___-____\').
17 ___-COMMON -
R P"o’c'sxonATlon
_'lli ~ SuPPLY
3 NOTRECDMMENDED ; a TEe
. FIGURES5-10 C

Ground Loop Current Channel-to-Channel Cauéed by Impmperly Gmunding
34 G of Single.Ended Amplifiers i .
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A ' ey R RECOROER
) Ly 5t Ly >l - '
2 m"' N : . f I I ‘ AL
= be o !._ o ..f/ ; / |
SH!ELD NOT § g
CONKECTED HERE -~ ’ :
. FLOATING.
- LOAD
7

RECUMENDED

" B. UNGROUNDED TRANSDUCERS

_TEST
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© BLOCK HOUSE |
J-BOX

DATA

SYSTEM :

L

CTEST AREA . YPROVIDE TEST AREA
GROUND .  GROUND FOR SHIELD: IF

" CASE IS NOT GROUNDED
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: ‘i - FIGU RE 511 :
Proper Shield Connections in Data System Input‘
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A SINGLE-ENDED AMPLIFIER 5 i R
» : E A g e ST DATA

ke oy

SYSTEM
[ ) .
M3
R e |
SHIELD. - "_ : : )
SHOULD NOT ~ . i N .
-BE CONNECTED .~ I /7&7 )
: HERE : e

RECOMMENDED}'

B |SOLATED DtFFERENTIAL AMPLIFIER

o e T AR
R ' S . Ly O . SYSTEM
t—% \ Rl

CONNECT INPUT CONNECT QUTPUT
GUARD SHIELD TO- GUARD SHIELD TO
: CABLE SHIELD . - CABLE SHIELD
CABLE SHIELD GROUNDEp ™~ - / :
‘ro DATA SYSTEM GROUND POINT  ~
: RECOMMENDED :
" FIGURE 5-12

s Proper Shifeld Cotinestlons in Daa sgrstem Input

177 as shewn In Figure 5-14."

: 'Smgle-ended ampimers and recordirg equlpmerxt are a source of gm\md loop
iy o pmbl ems, To prevent ground loops {mm occurjng the ‘ollowing pmcedure should
o be follnwed ' e :

a. Cal\la shield should be grounded at Onlv one point preierably at the test
Cstand, :

'b Ifa t‘lmtlxig tmnsducer is used the iow side of the sigm?l pair must be
- grounded at only one pojrit, -

d‘ l!sing gmunded transducers, connect cable shield as cloge to transducer :
ground a8 possxble and do not connect shield to ampitfier input. g

appearing: on the signal hnes.- 60 cycie noise may have a large thu-d harmonlc i

ey

PRI

‘. c lf a grounded transducer is. bemg used the ampiifier output must be {loating. :
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- © 7 e. Check for unwanted grounds by lifting shield from ground point and making
e a continuity check from shield-to-ground, Ita shoyt or low resistance is
detected an unwanted ground exists and must be eliminated, . T
f. To check for unwanted grounds'in data ltne, disconnect cable from trans-
* ducer and load. Measure the low side signal line to ground. Jf continuity
" exists, an unwanted ground exists and must be eltiminated ' :

POWER ISOLATIOP{
TRANSFORMER -
| et | o
| } g
I ] :
! - AC
i LOAD
] .
e d
" AC
LOAD
T N
SHIELD GROUNDED
AT TRANSFORMER
'Y
R E SYSTEM e :-

‘ Y FIGURES5-18 - -
'nrplcal AC Power Gro'.md Wir!ng Conf!guration

T FIGURE §-14 '
60 Cycle Noile Wlth Third Harmon!c Distortion
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: }‘ - A ground joop ma§ be formed whenever two or more different connections are
i niade to ground where these connections are not at the same point, Ground loop'-
currents can only be eliminated by breaking the closed (AC or DC) path - by plo-
viding-only one ground point for cll ground wlres.

Perform the foliowing procedures for detection and prevev tion of ground loops. -

a. Where.control circuits using ungrounded coils and ungrounded trans-
_ducers are used whose enclosures are grounded, -the cabie shield should be
* connected to the enciosure and not at the input io the single- ended device.
Thls technique Is shown in Figure 5~ 15, , : '

‘b. Where many channels are connecied into a iarge terminal block near the

g . test arca it Is recommended that a common isolated bus be provided to

' ‘ ~ whichall cabie shields-or 1glnatlng at the test area may be connected,

e - This bus is then connected to the instrumentation test area ground point,
If a transducer i§ grounded at some other polnt (such as a bonded thermo-
coupie) the shieid on that cable shouid not be connected to the common bus
but should be connected to ground as close t6 the thermocouple as possible

- a8 shown in Figure 5-16.

n, When a common bus is used in the test area for grounding shteids, the
shieids being carried into the data system must not be grounded at the data
system. If a singie-ended buffer ampiifier ls used In the line as shown In -
Figure 5-17, the shield shouid not be carrled through the ampiifler and the

] output shield shouid be connected to tie data system ground,

‘d. A single-conductor shielded cable can produce ground loop currents if the
shield 1s used as the ground return path of the clreuit. This ground ioop
ean be formu'd'by'the shieid when the shleld is a part of a metaliic connectr)r_
(BNC type) which is mounted directly to the metal case or en\.iosure as
Hlustrated in Figure 5-17A.

e. The following ground loops and preventive arrangements should be consldered

in a systemn with several series eicments:

1. Transducers and amphfxers with one side of thelr signal uircuit connected
to their cases. |

.. 2, Proper arrangement for isolating the low side and thelds from indivldual
chassis in mder to open circuit ground loop currents. :

- f. Certaln transducers are designed so that the case is part of the sig'\al circuit.
Among these are piezoelectric-accelerometers. A ground ioop can be formed
if the shield is connected at the data system 1n addltlon to the case, as shown

ezl n Flgure 5- 18.

5 5 IN‘STALLA TION OF GROUND RODS

" As descrlbed ‘in Appendix A, the soil resistlvity Ina g*ven location wiil fluctuate». .
according to 1ts_ moisture coutent, temperature a_md depth.  The Imporiuance of
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‘maintalning a constant iow resistance confact with the earth is significant when

the ground connectlon is to be used for power fault current. If a resistance of

 sufficient magnltude exists In the ground connection, a considerahle potént-ial

could exist on equipnient enclosures, ground wires, ete., which would endanger
the safety of personnel under fault current conditions. .

+In a data acquisltlon system which floats equipment cabmets above grovnd at the .

blockhouse or Instrumentation recording area, a ground bus wire will be carried
to a ground polht, usually In the test stand area, where a low resistance connec~
tlon (o earth is established. Therefore, an instrumentation earth ground connec-
tlon of minimum resistance ls required for the safety of perso'mel and does not
necessarily contribute to nolse reducfion,

A ground rod earth ground system has adva'xtages over otber ground systems

. suchas ‘buried plates, buried etrlps, cables, grids, etc. Primarily the ground

rod lnstallations affords a lower cost as compared to the other forms of grounds.
Simplicity of installation, minimum area reguirement, plus lnstallation can be

o ' DATA .
ISOLATED \ SYSTEM
2 ' B LOAD

GROUND PLATE N
OR EQUIVALENT ~ \)

N_P A f_ RENOMMENDED

_ ONLY ONE GROUNG POINT
" FOK SIGNAL LINES . /77

 RELAY OR sor.g_u_olg

OeaRE
T N P \> (-
i
RELAY :

BRIV_ER

e
SHIELD CONNECTED /
AT ONLY ONE POINT

FIGURE 5-15 ) "
Correct Technlque for Shield Connectlons to Prevent Groun:l Loop
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: & FIGURE 5-16 !
. Shteld Conneuted to Ground as Close to Thermocouple a8 Posalbie i

made from the earth sur[ace‘ In addition, since a more stable soil resistivity is £

found 15 to 20 feet below the earth surface, the ground rod can easily be driven 1 ".‘_ -
: Well beyond this depth (o obtatn a stable earth connection, - PRy

Because of the sandy earth conditions of a desert based rocket test [aﬂﬂityl | mall
. ground rod installation is recommended and the use of proper {nstallation oquip~ i i

: ) ment will enable grounds to be driven to depths in excess of 100 feet, ;

© 5.5.1 ROD INSTALLATION" :

- " The classic sledge hammer is.an effective tool for driving ground rods to depths _
of 8 to 10 feet. However, this method {s time consuming and in poor goil condi-"~ - ;
tions would be totally useless. An improved method of driving ground rods is the : :

" use of modified siedge hammer approach called the "Chuck and Anvil' method, . -

 Figure 5-19-)lustrates the essential components for this methed of ground rod in- |
stallation, This device consists of a chuck and a sliding hammn.er, It has anad-. E
- vantage over the sledge hammer ih that the work may be carried on at a level

" ._conventent to the workmen without a ladder or phtform and the blow is dellvered

b near the ground level
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SR PIGURE 5-17-
A, Ground Loop Formed by Shield and BNC Type Connection

B. Ellmmalmn o Ground Lnop by Isolation of Shield Conneetlon”
5 From Chassis and Case Groands

When ground rods are bemgL driven to consxderable depths’ it is recommended )
% that jolnted rods be uged, . Figure 5.20 mustrates this rod and shows ihe re-

© moveabie stud which will take the driving biows, These roas lend themselves

" very readiiy to installation by use of an electric hamun:er or air hammer systems * - "
- which greatly Increase the speed and depth capabilities of driven ground rods;, . :
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' : The e!ectric and air hammers require bulky equipment such as power generators ' : _
: LB Sa il and air compressors., A more convetjent hammer 18 runon gasoline and 1§
st . gelf contained, - These hammers offer portabﬂity and convenience not available in - . o
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.4 mended for a desert test fackity installati It
A “wili often be necessary to drive tie rods e .o deeper 4o
to obfain an adequatels low grouqd rod to carth o R
) reslstance._ s ; = b
: 520 e
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CHUCK (SLIDING HAMMER)

MOVABLE ANVIL

GROUND ROD

URE 5-19
Chuck and Anvii Method of Ground Rod Installaﬂon

- 5,5.1.1 Soill Treatment to Lower Resistance

i Common sait and magneslum sulphate water solutions are chemlcals which can be

added to the soil to lower the contact resistance of the rod and earth. Chemlcal
treatment can reduce sofl xeslstance up to 90%.  Treatment of sandy soll provides. ;

~ the highest degree of lmproVement and ig recommended in a desert test instru-. -

mentation Iacility. Since chemicals will be carrled away with the water, Irequent

2 maintenance is requlred to insure a constant fow resistance ground rod lnstallatlon.

A typical method of lnstamng the soil treatment solution is to form a circular

trench around the ground rod as shown {n Figure 5-21.

"A more effective method of soil treatment is shown in Figure §-22, Here the

-ground rod is installed insfde 2 tue pipe with 2 removable cover. This allows -

ease of inspection and maintenance, The chemical can be added efther dry or in

i a water solution.. If added dry, holes in the cover will aliow rain or frequent ;

- - 'hosing of test-area to carry the chemical into the sof! if the rod is focated outs'lde«'?
. .of the faciiity, An actual rod 1nstanatlon is shown in Figure 5-23, ualng thle

" * ‘tnethod, . .

- 5.5.2 MEASUREMENT OF GROUND RESICTANCE

" Inareas such as a desert rocket test facility where chemical treatment of the soil
.18 necessary to maintain a low resistance earth connection for the safety of per-
d sonnel u ig also necessary to monibor the stxtus oi thle resistanee becnuse the

521
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FIGURE 5-20 B R
s Joined Ground Rods for Deep Priven Rod Instaliations A S '3
! chemicals will deteriorate with climate and soll- moisture conditions causing the _&
rod to earth resistance to increase.. . - . _ e 2oy
There are three basic methods of measuring the reslstanc.e of ground rod to earth T '
4resistance oA I S e g i i g § ;

Three~point method R R ne L el » e
ad b Faii-of-potential method . oo SR e ;-;.' s I‘ _
M . e 1

c. Ratio method"

’I’he resistance of the rod instailation sbouid be measured at the Ume of instaihu
: tion and shouid be checked every two’ months after the mstallatlon for one year and
twice yeariy. thereafter. 3 ; i : 5

PR e

'-’I’he most convenient method to use is the fail~of—potentlai method With the use _ .
“of a small hand generator set (calied a Megger) a known current is passed through ~: -
; :-the ground rod being tested and one of the two auxiliary earth eiectrodes, The
potentlai drop between the ground rod and the other auxiliary earth electrode {g
‘measured ard the ratio of this potential drop to the knowh current indicates the »
i ’emstance to ground of {he ground rod. - “The dlagram for this test showing an AC ]
: current supp.y is ﬂiustrated in Figure 5. 24




L n s TR g ! g AR

Y

“

e ey i e e B it

' GROUND ROD ——mommsm]

PIGURE 5 21
Trench for Chemical Treatment of Sou

'

FIGURE 5-22°

Ground Rod Installed Inside Tﬂe Pipe :
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A o L\AUXILIARY/
GROUNDROD ELECTRODES
L JunperR TEST _

L——‘-p

' FIGURE 5-24 S ¥
Fall-of-Potential Method of Ground Rod to :
Earth Resistance Measurement -

.The i‘oiiowing proceduze outlines the steps required in making a resist;-tnce test ' '
"using the Megger inetmn‘ent. For more specific information concerning this ‘

instrument, conmct the James G. Biddle Co., 12092 Foster Road, Los Alamitos, °
California. :

j Referring to Figure 5-25 "periox‘m the following procedures:-

a, Drive two reference or auxiliary electrodes in a straight iine '
: “ith the ground rod beinﬂ tested.

B

ot

b, COnnect the wires to the rods according to the inqtructiona
’ given iox' the instrument or as shown in Figure 5- 25

#

; The rods are kept in this position for each par ticular location., e

g
[+
H

R The rod spacing 18 as follows: _
R Rod P2 is 60. i'eet from test tod I
2. Rod Cy 15 100 feet from test rod

3 'I‘he various methods and equipment avaﬂabie to measure ths soll resistivity and
ground rod to earth resistance is well documented in available iiterature.2

5 6 MAXNTENANCE OF EARTH GROUND CON’NECTION

el e o A

Maintenance oi the earth connectien requires per‘odic inspeciions of the system e
to assure that the resistance oi the earth connection does not {ncrease with time

£ ~and exceed intended design limits. - Changes in resistance ean occur due to
corrosion of mnnections, ioosening oi‘ ccmnections, and changes in soil resistivity v
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GROUND ROD , Lol
V' OR PIPE B ‘
: Rl ' FIGURE §-28. . -
- Ground Rod to Earth Realstant:e Tesat

: Soﬂ reslstivlty, in turn, m'xy vary seasonally, or duetoa falling water table, or
' b : because of depfetion of chemicals which were added during installation to lower

' " goil resistivity, Periodic checks are the only means of momtorlng the res 157-
tance oi the earth connection. ;

P'eribdlg: inspections should be made cvery two months for the A
~first year following installation to re éox'd seasonal variations, - i

‘" Thereafter, inspections should be made twice a year. Checks
- should 1nclude the following: i ;

a. A vlsual inspection of ail connectlone. Connectlons should ,' e
be inspected for both tightness and corroslon. e Fe e

b, Ground-resistance measurements should be made. This i5
_ especially important where chemicals are used to lower soil :
- resistivity because chemicals are depleted with time and G g
must be replaced periodically. ‘ : e
4"An 1ncrease in resistance which exceeds design Himits nnd carmot be corrected by oo
clearing and tightening connections will require expansion of the earth ground. . . it
gl eonnecuon system, Installation of additional ground electrodes and/m' chemlcal : . s
o :treatment will probably be required. -l L e L s e
AN ROU’I‘ING OF SIGNAL CABLES AND powm CABLES =0 e '

‘When two signal llnes are placed close together whlch have Iarge voltage or cur- :
: :rgnt_ differences the signal line with the sumallest signal will be influenced by the




~“other line because of the capacitive coupling betwaen them. Also, if one line fs
- carrying large amounts of current which is varied, as in a 60 cycle power line, -
A magnetic {ield {s produced around the power line which will be coupled into the 2
adjdcent wlre as shown in I‘igure 5-28, :

Bemuse of these two factors it is necessary that proper routing of all cables be
- consldered in order that nolse will be kat ata minimum._ '

: ering can he categorized into five basic divisions with respect to Bignal and
reiatlve power ievels. : :

a, Low Irequency, low vo“age instrumentation llnes.

b, DC control lines, with DC ievel switches and nolse producing sofencids:
and relays. g i

c. Digital wiring with 'high rreq'uency switching pulses.
d. : High {requency video, such as closed circult TV E\nd telemetry.
e. AC power wiring., - )

The wlring as categorized above should be carefully identiﬁed and kept isoiated
from each othur as much as possibie. o

v : : I
ll, Ak NS N
5 , — - .
Ly \,/' s ACSIGNAL L 2
L T i
R PaRg
LOAD LLOAD
G IR S =
E 2 e 4 o~
_ l by 5 <y : SIGNAL WITH
B S, SR - ACIPICKUE =
- LOW LEVEL - - ‘
= SIGNAL

4

F!GU?E 5-28
Magnetic Coupling of High Level Signal
: . Into Low Level Mgnal Circuit
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_ Category D

Category A.

a. Wiring in categary (A) originatin‘* at the test stand si'n’nia be routed to the .

_data instrumcntation system by conduit or cabie trays wh.ch do not contain
any wiring In the other categories, | :
b, When this wiring is carried into the datd system area it sl—ould be broken
. out into an area which 15 as close to the input devices as pogsibie.
c, Wiring in the other categories should not be altowed to ¢ome within three .
_ feet of this wiring, if possibie,
- d, The ACpower circuaits and low level signals usually must be routed in the
sar2e equipment rack, Under this condition ail wiring in category (A)
should be routed in the apper 2xtremities of the cabinet while the wiring
in category (E) be routed in the Jower extremities of the cabinets,
e. The crossing of these to wiring categorics should be kept to a minimum,
One example or how this can he accOmpiished is iiiustratad in Figure 5- 27.

Category B

Category {B) wili not be effected greatlv by the wiring of category (E) There- '
fore, the routing of control wiring can be such that these two categories can,

if necessary, sharc conmon conduit or cab‘f‘ trays.

Category c

a, Dipital wiring in category {C) is a very good notse generator and must be
kept confined to the digital systern as much as possible,
b, I instrumcntiation cables are routed into an area with digital wiring all

instrumentation cablie wiring must be twisted, shieided, and routed in such ,.

a'way as to provide a maximum geparation of the two-typeé of. wiring,

a, _Video Bignais i’rom telemetry and closed circuit TV are becoming more o

common in a rocket test facility, &

b If carried in conduit or cable trays the cables should be piaced in a manner

e _' which gives maximum separation of category (A) and (D).
: c. The other wiring categor'ea are not particulaliy sensitive to this type of
signai and the routing of this wiring is not too critical

Category E "

a, AC power cables and power distribution wires which are routed into data
instrumentation cabinets must be twisted fn order to reduce the radfation
of 60 cycle fields into sensitive low level circuits,

' -:'b. AC power, shouid be routed in metailic conduit inside the cabincts 80 that

_ the conduit will serve as a shield over th puwer wires,

é. When conduit is veed in this way, care must be exercised to insure. that

“oi the equipment ground isolation is maintained

i
i
!
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PVC POWER /tsoumou

© . ANALOG RA SFGRMER
. INPUT CABINETS_ CONDDI N
: | /i —r 4 B -
. FRONT OF . _

- CABINETS l
MAINTAIN MAX. "

g SEPARATION

® \

MAXIMUM
SEPARATION SHOULD
BE MAINTAINED

PVC INST. CABLE DATA INPUT  / G
. corvoun‘/ ‘ . TERMINAL BOARD™

YE

X

~* FIGURE 5-27 :
Dlstrlbutlon of Instrumentation Wiring and
Power Wiring in Equipment Cablnet ’ i
5.8 Lg_vy RFSISIANQE CONTACT N e T RN
In a rocket test faclllty the frequent contamlnation of the air surroundlng the test o
i ' stand and inside a test chamber causes corrosive action which can lower the ac- "
" curacy of instrumentation systems. In addition to the corrosive action of the - g
E “rocket fuels, temperature cycllng may produce condensation on metallic surfaces '
- such as cable connector contacts, ‘terminal boards, ground wire onding points,
.. and signal wire condu:t. _The useful life of these contacts under such environmental
] -tlnﬂuences will depend upon the proper cholce of contact materials and finishes
= applied to combat corrosion, B

: Corrosion on the contact pins o[ a cable connector on the matingLsuriaces of ter-
minal board contacts, ete., can add several ohms of resistance In the signal wire,

" Because this resistance is not necessarily constant and may vary with environment-
al changes , an error dan result that cannot be compensated by calibration rovtines.' ;

Dlsslmllar met'lls widely separate*i in the galvanlc garies (see Section 2, Table B -
; "'2 2) should not be volted, riveted, etc., without sepal?tlon by Insulating material :
o3 at the facing surfaces,  In manlclrcult amllcatlons where dissimmar metals are’




required t6 make efectrical contact wiéh each otlier, the two surfaces must he l
protected with compatlble metal plating, e.g Lelect.ro,;lating', hot dipping,
g'uvanizing, ete, )

In all low level instrumentation circuits it 18 highly recdmmended that a thickness

of 0,090015 inch to 0,000020 inch electropiating of hard, brlght gold be used on
the contacts to greatly improve resistance to tarnish oxidation and attack by»most
chemicals. . This goid plating wﬂ‘ also lower the electrical resistance,

in an existiqg fneflity where highpr accur: acies are desired all signal iines being

used must be cheeked for corrosion and all contacts in the vlcimty of the test
arsa which wiil be subjzcted to temperature cycling and corrosive action of fueis
and chemicais bé cieaned ant‘ hspected thoroughig pricr to the data run,

Where cabie connectors are uged to inter{ace between test arca or test chamber

and the data equipment, these connéctors ghould be protected from the corrosive

environment by enclosing the cabie connectors in a hermetic type Pnclosure on

‘the side to be ‘subjected to the corrosive envlronmen.. T

'In crder to illustrate how 2 10 ohm series cor_rosion resistgnce {n a low level

instrumentation signal wire can contribute error in a measurement, consider a
signal current of 1 MA, a voltage of 10 UV will result across this resistance. If .
a high speed digital data acquisition system with an accuracy of 0,1% and a fuil
scale iriput signaf of 10 MV from tne transducer, the digital system is able to
senge a signal change of 1¢ UV, Thus, the resistance contributed by poor
electrical contact and corrosion can add significant error to the data which will
be detected by the data sysiem, :

-y
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' Ea‘rth liesist'iv'i'ty A

5 Assume a metalhc sphere of tadius A, Surface area.s= 4rA2 which is shown in
E 'Fig,ure A-l, thus for this analysxs half the sphere wili-be consiaered.

; ik FIGURE A-1
: Metailic Hermsphere Burned Into Earth With Radius A (From
IR, Eat.m. "Grounding Electric Circuits Effectively, " G, E. Review, June 1941).

The xesmt'ince offered to a flow of current from the sphere will be that soil im-~
g mediately burround‘ng aud in contact with the hemispuere. y

v

ﬁ:_Given' Bk

Resistance of a conductor o{ uniform cross-section is :

: _- . specmc resishvity of the conductor, ohm-inches
1 = length, inches : : :

A = cross— secnonal area, inchcs2

i R can be applied to the hnmis;)here if the soil is considered the conductor whose o X
area is increasmg with distance irom the hemisphere, dx, Ata given distance
Irom the hemisphere the suriace area wxll be 2 x2 thus ;




ol |
i
The above equation states that 172 soll reslstance offered to the hemisphere is 1o i
directly proportional to the earth resi.  vity susrounding the hemisphere and is bty
inversely ‘proportional to the surface Area uf the *emisphere or ground electrode.
Table A-1 gives some general data ¢n earth fe.. .,.tivitv that considers only the. type 3
~of soil and not environmental cond:tlons. ; ' el
~ RESISTANCE (OHMS) RESISTIVITY T
SOIL - 5/8 IN, X 5 FT.-RODS (OHMS PER cMd) i
\Avg. __Min, M.L‘(. Avg. Min. _ Max, ¥ ;
Fills L O ‘ T da 7
Ashes, cinders. brine Ay . i . ’ N =4
waste - - o 14 8.5 41 2,370 590 7, 600 Hom
Clay, shalé; - gumbo Y B ‘ i - S ]
loam 24 2 98 4,060 340 - 18,300 ,
Same-with varying p_ro; o » g L
portion of sandand - _ - ) L i ~ |
gravel 93 6 86O 15,800 1,020 135,000| |
Gravel,' sand, stoiles. with _ : 3 .
little clay or loam 554 35, 2,700 94,000 59,000 458, 000 )
ll]ure.m of Standards Technical Report No. 108. P i
TABLEA-l. . e
i The Resisuvity of Difu.re it Soils § i

B The reslstwity of soil varxes at dltferent depthz below the suriace bec'\use o(
three variabies. : g L g .

a. Moisture

[ —

b Temperature':_‘ -

, c. Soxl compositlon 0 ‘:.'.' % el P g S i :
: Varia.ionn of soil xesi.,tivity thh moisture are very important s.nce a very good - b
low- impedance ground connect:on might bewme, due to fluctuattons of the mois-
ture content of the soil, a very high resistance ground that would effectively com~ _ { -
promlse the ground system. (See Table A-2), For this reason ground rod instal- HE
lations should be periodicaliy inspected ‘md rmnltored to insure the quatity of the &
g.roundlng system. S ; e Fe

A-2
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" RESISTIVITY (OHMS PER CM CUBE)

MOISTURE CONTENT

(PERCENT DY WEIGHT) TOP SOIL SANDY LOAM

0 ' >1,000x 108 > 1 000 x 105
2.5 250,000 . 1£0,000 .

5 e 165, 000 43,000

0, an 53, 000 - 18,500

15, 5 . Seieis 19,000 10,500

20 e, 12,000 6,300 -

30 . g L 6,400 4,200

P J. ngbins.' "An Investigauon of E"u'thing Resistanceb, " JEE Journal, Vul 68, .

p. 136

: TABLE A-2 "
The Eflect of Moist\u‘e Content on the Resistivity of Sofl i
Another lmportant environmental factor that influences soil resistivity is amblent
tempenture. For wide variations in temperature, the resistivity of the soil has
shown wice variations in value, The effect of temperature on the re.,iauvxty of
soll ig iisted in Table A-3. : ‘

SANDY LOAM: 15.2% MOISTURE

TEMPERATURE® RESISTIVITY .
< b G e s PR . - (Ohms/em®)
R0 it - 68, ST 1,200
L0 Ead i s G el e Tt s T g 900n '
0 (water) - . ST 13,8000 4
0 (ice). = 7 : ' 30,000 - -
& B e gl e L Tt e 10, 008
2 AB T 1. - 330, 000

TABL
The E(l‘ecx of Temperature on aI’he Resisuvity of ;oil

i} temperatures vary between 20°F and 100°F in a particular locality avcording - :
to the season, it is usually found that, app'uximately three feet below the aurface,f 2

the swing is not neariy as wide, e

The resistiVity~of the soil varhﬁﬁt different dapths below the surface because ot

the composition of soil = i< The various layers, and the physical position of the soil.

_' within the layers, <7 igure A-2 shows this variation of resistivity with depth.. The ‘
conductanc /eciprocal of resistance) is plotted to show a more meaningful rela-
tionshiz~at the point at the lower end of the gre. nd rod. It will be noted from

those curves that the sharp 1ncrea5e in conductance, after 30 feet, is due to
mbient ciimatic conditions no longer affecting this parameter in any way.. .=
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1200 = 0.24 -

1000 o 0.20 i
: \/, RESISTANCE | g g o

0.16

600 \ - . : _
400 41— / : 008 T
— 1 -Ho.0a

RESISTANCE (OHMS)

2L e pa T\ A : = W

0 10 20 30 40 50 60 70
DEPTH OF ROD (FT.)

’ FIGURE'A-2 ok
Re‘aistance and Conducmnce Curves Asa Function of Rod Depth

wag

Since it has been estabiished that areas of high resistivity exist in which ground
rods must be driven for a particular inst:ill'uion, It will be shown that in certain
sifuations {t is practicai to treat the soil around the ground rods so that ground :
.- resistivity may be reduced, ' This treatment merely consists of mixing tha soil ' -
around the ground rods with {ine common salt (sodium chloride) before the soil is o ‘§
" compacted into place, Data are availabié that show that for sandy loam with'a b
moisture content of 15 percent by weight,” and an ambient temperature of 40° F,
the addiuon of sait to the value of 0.} percent of the weight of the moisture reduces = -

the resxstivity by a {actor of 10, and the addition of sait to tie value of 20 percent . i,
. of the weight of the moisture rnduces the reslstlvny bya factur of 100, e

When va.t is used to treat the soil around electrodes, it must be remembered that
. salt wili be dissolved away. Figure A-3 shows how the resistance varles as the
salt conlent reduces over an Interval of time. Resaltmb reduces the “esistance -y
; ag,ain Salting, to obtaina low ground resist’mce, therefore, requires penodxc
mamtemnce to .(ssure that a low ground resistax‘ce 1is bemg kept, -

The formula fo- the approximdte resistance to the {low of current away Irom a i
T rod or pipe, drlven verl!cally into ‘the earth is as tollowz.. : : :

100 5 io ; ;
Ra-——.—i——f—i (h-\ ohms)

300 }— . | S
: \ : connucmuc&ﬁ/ : R A
' : ' / : 0.12 e

b+ AR

e ot i it b ot § N AV b s

vt aa ianar i e g st gyt e



where

p= the resistivity of the surrounding soii in meter-ohms

1= the length of the grbund rod In centlmeters

D= ls the diameter of the ground rod in centimeters

Figure A- 4 shows, graphically, the approximate resuits of the above equation
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APPENDIX B
Cable Ch:ira'cteriatlcs and Formulas

These formulas and charac!erlstlce are useful for reais&nnce and impedance
calcuiations for eiectricai conductors and coaxial cabte, : ‘

Length and Weight

: Welght (ib. /1000 ft.)
- = a?xsxo0, 34049x1o"3
Length (tt. /th.)

= x L x 2009 x10°
” X

- ¢ = diameter of wire, mils’
A = density of the wire materlal

Total Resistance :
K X1
R= M
R = resistance, ohms,
I = iength of wire, ft,,
" CM = circular mii ares, .
'K = resistance of one mil-ft,, ohms *

W X
T o6 - Sl
Fai s W

e e denslgy, grams/cc.
Wa = 'weigh! in air, grams
Wl = weight in iiquid, grams

4= density, grams/cc.

Temperature Correc!ion _ i

: R, --'[l ,+'a'(t‘._.¢°)].
- reslstnhce at opéfatlng temperature
resistance at a known ‘emperature
operating temperature .
{emperature for a known resistance
temperature coeiilcient of reaistance at to
: (0. 00.)93/degree c at 290 c. )
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N . Areas o )
S g e i " Area, circular mils = d° )
e ' ; Area, square mis = Thickness X Width (in mils} -
Convert circular mils to square mils: d? X 0,7654
: Convert square mus to circular mils: Sq. Mils X 1.2732

‘ Transmissxon Line Characteristic lmpedance (ZD)
Single Coax Line

3

zo. : J\%—g—logl,‘%

€ .= dlelectric constant,
D = laner diameter of outer conductor,
a4 =

outer diameter of hmer conductor.

Balanced Shielded Lme -y

D = inner diameter of outer conductor -
d = outer diameter of inner conductor 8
h = dlstance hetween two luner conductor centers

Open Two-Wire Line in Alr

" 120 cosh 1D

. d -=_A outer diameter of conductors .
D =. distance between conductor centers

- Capacitance of Cozixr Cable -

= capacxtance, puf/ft. 5

4 c

. e = dielectric constant, e

D = inner dxameter of outer conductor
: d

= outer dlameter‘ o! inner conductor .

s gt




Attenuauon for Copper Coax Line

R, = total line resistance in otims per 100 (t.
P’O = characteristic impedance of coax -
- D = lnner diameter of outev conducter in inches
da e outer diameter of inner conducter in lnches
€ = dielectric constant-
A" = attenuation in db per 100 ft. :
(pf) = power factor of dielectric medium
f = frequency in megacycles

Rt i '0.1' (..L .L) ‘IT A'

i 'R,

A - 4.35-—— + 2,78 J'(pf)
Ry

’
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Ecm is a common voltagr to both input termimls A and B, Therefore, E 1s a

e voltage and E hmes the amplmer gain K produces output E,.

o A perfect difierentxal device wiil have no response at its output asa iunction oi a
" common- mode signal, "The ability of a device to reJect a common mode s:gnal is =
8 us "commona-mode rejecuon ratlo, ] CMR '

E is the volmge dlfierer e caused betwee'x polnt., A and B (see Figure C- l) as the

' APPENDIXC
Common-Mode Fqua,tions

The term "common mode" detinea a mode of operatlon o[ an electronlc device the

same as the ferm "normai-mode.” Common-mode for a differentiai ampiifier re_—
fers to its response to a common-mode signal as shown in Figure C-l.

A
E,
B
O
Ec:ﬁ
g _ FIGURE C-1
; T : Comi.xomMode.Voltage-"l

com"ton—mode voltage. E‘n on the other hand 3 a normal or "normal-mode" Sy

m....

resuit of applyxng E A voltage E can exist due to leakage patis as iliustrated

: in F:gure C-2hy Z1 and Z,. These pa‘hs occur prlmarny as the result of canac-
itance and resistance internal to the ampliﬂer, ' : il :
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o FIGUREC 2
Leakage Impedance

L

iy ¢

It can be seen that if line resisiances Ry and R2 exist as they wm then due to the

dividing action R1 2. and Rz, Zz, a difference of potential E can exist between ;’ ,
points A and B due to E me Exactsto the anmplifier the same as 4 normal-mode i
signal, The amplifier output, due to E is therefore

“em? i
E, = (B0 P e
‘or = e______Ecm 6 3 : L &)
O CCMEIE Lt e Y SR D N

The eqaation used for measurmg the common mode rcjection oi an amplmer is s
denved from equanon 3 - : 2 SR
C,,R.. Bon (8.5 5 pne oL R ST ;: o

.v : (4)

G Note that any dix‘ferential device can exhiblt a CMR In the event that Ks urity
then the CMR becomes ! : wlos. ) ) o




-

' Note afso thatlIR2~0in 'igureC 2 E, becomes

and CMR%ﬁ}'-

... of the circuit to be considered.

onstrate the three methods vy which common-mode error, E X! can be reduced

2 -, Ae Decrease ~‘ - B; ascreasing E em’ the other segments of the dxagram

Eem By . “This mearis that
K " T T
ifZl»Rl hen_ Lome R . ) 1"1

e

1t is interesting to Qbeerve the relationships among R.i, Zy, Ry, and 2. To sim=
plify the analogy which follows, Z1 and Z2 will be assumed to be capacittv_e,_ reac-
tances X, and X respectively. Figure C-J filustrates the appropriat'e sections

Ry
‘AW’XY

-~ FIGUREC-3
Common-Mode Ctrcuit

A "common mode cxrcle” may he used to ﬂlustrate the dividing function of Rl
Xcl' and R2 ey 2 Thxs is gwen in Figure C 4 -

An mterest*ng feature of the common-mode circle is that it may graphtcally dem- ;

. dscrease pronortionately. CMR (the ratio of E . to E,) will remain con-
stant, however E , the error uxtage wul be: reduced :

=




 FIGUREC-4 -
Common-Mode Circle

) bﬁ Balance B,,".wlth E. - By ma;ﬂpulalion of R; and R,, the error voltage
\ E, may be reduccdlto zero, This is mechanically itlustrated in Figure C-4 by con-
verging the two points A and B on the cirele, ' T N

c. Increase }{cl, Xcz - Sincy Xc: T}f?.' , 1tis seen that Xcl and X{:z can be
increased by decreaaing each of the iwa. capacitances, If both xc's are increased
sufficiently then the two points A and B will'move to the extreme left of the circle |

. causiig Ep and Ep, to diminish to negligiblé values, E_ therefore diminishes. .

This technique for dqecreaslng E, is that which is accomplished by high CMR

* within an isolated differential amplifier and optimum shielding of the input stgnal i

© Hnes,

[ ST S S N T = TG R
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s ' APPENDIX D
. Digital System Accuracy

_ There are several methods by which the accuracy of A/D Data Acquisition

¢ Systems can be determined. The method used ‘should be practical yet compre-
hensive and rigorous. I the only system output methoc: ‘available Is a digital
; (e dlsplay, then the accuracy measurement should be based on this device, A most

. comprehenslve technique 1s computer analys!s. This is also exlrcmely rlgorous
and practical if 2 method for transferzing the dlglml d:m\ into a computer 18
& readily avallable. e j ¥ e

L The !nformallon glveq belov: appnes prlmarlly to computer analysis on' sys(em ;
accuracy determinatiors, However, abbreviations of the melhods can be used
where system readout devices are llmiting.

Precision Dl ror ep

) Syslem preclslon is perhaps the most significant far(or relatlng to per{ormance
~ quality, Precislon is commonly measured in tering of precision error, e, which
is the three- sigma (3’) ‘deviation from the mean count value in percent of fun
scale. g i : :

"Three sigma ls best deu.rlbed by reference to Flgure D-l. 2 ad

e ey

Thc graph of Flgurc D—l descrlbes a gaussian or random distrlbution of count
) ‘values about the mean count value X, ¥ 18 calculated by taking n data samples _
and then averaging them, n should be l..rge enough so that by lncreaslng n, no n
,appreclable changc ls noted T, . ' s

o Flgure D—I x ls ahow:r to !mve the h!ghest Irequem.y of occurrence whne count;, X e 5
- values abovc hnd below X occur less frequenlly. s ; &

- Three-sigma s me_ns_uré of the devlation-o& co'u_nf values from the mean count .

_value X, 3¢ is statistically determined by applylng the following formula.

where s e s S

©ct A = individual sample count values 2
o K




» ep can be measured for a single channel or (or all channels of a dlgit"l eystem.

e b i b by i b

A e e Py L i kg

' FREQUENCY OF OCCURANCE
- OF PARTICULAR COUNT VALUES

i . _

“30 20 -0 :}
r~ ; 130 SPREAD o
' <& (-COUNT DEVIATION) ;l(- - COUNT DEViATION) -» : T
T ‘ FIGURE D-1" S
o Frequenr; Dis rlbutlon oI Count Values - Gausstan Curve T

By deﬂnluon, the 234 dcviaﬂon includes 99. 73‘76 oI the n samples taken to : '
. calculate % -Those samples beyond the *3! limits are shown ai the oiter edgesL ' T
5 .ol the bell sh'tped curve ot Flgure D-l i s : ; G S L § :

eb 1s (_!gfi..cd ag:

PO

owhere ST LT e e e e N . U, ST

F' = Full scalé tco'unt'val'u't": oijsyst_em-',

S "‘hc measuzement ugually consista of connecting a precision voltage source In-
. the zero to full scale range at the channel fnput and making a-digital tape reﬂord- ]
ingef the rcsulung data.. The tape is then hken toa computer Iac!my for A

TR, SR

S ST
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A
. ‘-
P : A . processing. The computer output will ordinarily be a line printer with e_ listings
e 7 for all channels and input voltages which are included in the system accuracy test.
- Asample calculation of e, 16 giver in Table D=1, vafln B e s Ll il
.Count Number - - - ! _ . G | ,
g Value . Of Times ~\ "y ‘ ; e .
N Xy X, Occurs ) ——EL <X xi#?; (xi - ?)3, _f_\_(a't-i - X)
. +6479 4 6482 -3, -9 3%
- +6480 89 6482 -2 4. 356
' +8481 ‘687@ 6482 -1 o = 637 -
. +6432 . 84s5C . 6482 ] 0 -0
e +6483 670\ 6482 1 [ T 870
L +6484 90 ed82 [ 2 4 360
| ¢6485 o5 - 648 3 9 45
ek o . n E 3 o .
- n o= 10,000 W%QQ T -%% = 2154
Al NEL L

TABLE D-1

[
n
-
-
(=2
(=3

o .L'lnear'ity Error e,','

A i ey

Linearlty is measured ‘u lerms of deviatlon from umarlty (Unearity error) _A
. generally accepted meu.od ol measurement ls to establiah R stralght une by :

i b,




PP e Tt e 1 R AN TR ) AR SN P g ) M a6

taking two X points, o e at 0% full scale input and the other at 90% full scale in‘th. gz g ;
Thls shculd be done oxce for each polarity ina bi- polar system. Figure D-2 )
describes the method wnd shows how the resulting e L is ¢ utained. i .

. : § L iy
Xg04% : T . : i
.. c 5is
“AVERAGE. .~ o N A . :
QUTPUT . BT gt B S G
COUNT . : 9 5 _ !
. i
i - o din
ED) |
-
ay
§
ok
i !
E E E CO %
5 SYSTEM INPUT VOLTAGE o o
FIGURED-2 . . . . e , '
Output Average Count X vs. Input Voltage XE : 5 ¥ 5 3
. Once the twa points A and B are et:tabllshed a theoretlcal point C may be found

. for any theoreucal xE. "When X Is applied and point D actually results, anerror -
. is indicated which js a runctjon cf the diffsrence between points C and E. T.\e
corresponding X va’ues xc and XE are used to give the error value. s

iR ‘xC ls calculated by :
R R ‘"90% 2 "o%’




A Bample calculatmn of Mnearity error eL'_ls ‘glven'below.':

i

A A R R 18

' i In a computer analysls it is usuauy sumclent tn take 10 xE poln‘s for the linearity

determination. - These can be +0%, +90‘:’£\, +70%, +50%,_ +20%, -0%, -80%, - _-70%
-50% ‘and 20%. : R

Given-
’5("90% = .+8200;

xo% = +0100

Xy = 4895
E %‘C - - +.45;03;
B = 0100 + 4895 (—-2—0—0—0—00 1~‘l‘l) = 4505
oL’ 3 +4s% 500 2 x 100 5 = : ' 1

L= 002%

The syatem e L ls the maxlmum eL found for any XE input.

CH. Comnon- Mode Rejertlon CMR
Many dlgital systetas bave slngle-ended inputa and therefore are not subject to'

© . be used asan anprnxlmatlon to determlne CMR. If 3, o= 43, count error
% CMR :

f: _ with commm-mode vohage applled and 3 = 13, count error wlthout comnmn- T
dee mode voltage applled then ;

A

CMR tests. If duferenual lnputs are used a duferel.ce in precision errors may‘

(CMV) ‘(XF)
R0 I

MR % -




A

L B
L
"

peak coxﬁmoﬁ-’mode voltage appifed

Praion nmmg
| et

L]
v S e A A D

Full scale digitai count

Full scale voltage {nput J

2]
[}

' EXAMPLE .

‘Given: .,

© 30 counts

b
"

T
]

. 20 counts

10 volts peak o

; :
st
SRR L N

n

16, 000 counts -

m '
i
¥

5 miilivolts .

LS

: then

cMr = 100,000 . 1000000' Ty whe g TEE R
¥ 0 - 20) (5 x 107) i i BT

. Note that bmh common-mode rejection and channal—to-t:hannel common'mode
{ rejection can be approximated by the above expression depending on test set-up,
" Note also, that since 3 SMR is obtained using a slnusoidal error contributor
‘c

CMR precaution must be taken to (nsur" that a sufﬂcient nunber of samples n
p are taken to stabilize 3 y : : T

e

' Theoretical Error Aﬁalysis LIEe

In order to spociiy the accuracy ot a dlgital A/D system before it is manufactured,
itis necessary to make ] theoretical error analysis. 3




LA RCLAT R

Precision error e Is a con;binaticn of all gaussian tybe errors co‘ntributed by

components of the system. °p is determined as follows?

N N R 2 2 . 2
'Jen"es*ed*ec'*ex »fem

TP N A A TR

E}ach contrlbuting error €; is in itself a maxlmum error taken as percent of full
scale:. L. o : e : : :

-t

e .= noise error

mas
o

=
"

s e mpnGag gt e e
Lo s :

~ombined zero aid galn stability error taken at constant tempera-
ture and over a srecified perfod of time (1-hr, 8 hrs, 40 hrs, :
6 months etc.) i

ey = drift error due to temperature change, This error Is caiculatgd
" by using the component tem_perattk;‘e coefficient
ee ‘= Common-~mode error taken at 0 to 60 CPS witha specifled'nne .

- unbalance and peak common- mode vouage (may be omitted from
e if e is to be measured independemly)

P
: _- (peak common-mode voltage) x 100 ,
¢ " {common mode rejection ratio) (full scale input voltage)
';i, o . . ‘._“' = T &
. Vo €y gcross talk ertor
o : étn i A/D system error due to commutation, sample-andalxold buffer 5T
I B S . e ampuner, A/D cgnverter, etc, . . o
Hi : ? I..!near'ity'ér'x;‘or er, is taken directly Irom specifxed ..omponeht non-hnearlties. e
e SR
R eL is the diroct sum of all component non—lineariues. St

,Z: R : Measured system errors should be equal to or better than those determinnd by
i theoretlcal analysis ag given above.. s : L

it o e AU SR g
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: ALUMEL- An aiioy wked for thermocouple and thermocoupie extension wire. ;

"AMBIENT TEMPERATURE. 'I‘he temperature of a surrounding coeling medlum,
) such as gas or ilquid which ccmes into contact with heated parts of an apparabis.

& AMPER:».‘( The unit expressing the rate of flow of an electriml current. One :
; nmpere is me curx ent {lowing through one ochm resistance with One volt pressure. B

AMPLIFIER BUFFER An ampiiiier used to isolate the output of any device,

~voitages, either low level { :!:IOMV full scale) or high level (£ 10V full scale)
. valtages to- dig’ual binary coded valueq which are propertional to the analog input
. voltages. S N R : g : i

APPENDIX E
i Glossz ry

ACCEPTANCE TEST: A test made to demonstrate the degree of compliance with
specxfied equtrements

ACC'U'RACY' Freedom from error. Accuracy contrasts with precision; e.g., a
four-place table correctly computed is accurate, a six-place table containing an
error is more precise, but not accurate. : g o

AIRCRAFT”WIRE: An electrical wire'pri‘marily designed for the extreme con-
ditions (temperature, altlcutde, solvents, fuels, etc.) of Afrborne equipment,

AIR SPACED COAX: A coaxlai cable in which far is baslcally the dielectrlc
material. The conductor may be centered by nieans of a splrally wound
synthetic filament, beads or braided filaments., This construction is aiso
referred to asan Air Dielectric

ALLOY: A metal made by the fusion of two or more metals.,

ALTERNATING CURRENT (AC)' Eiectric current that reverses its flow in each

-direction at regular allernate intervais. The frequency of the change in flow is

expressed in cycles per second.

e.g., oscﬂlator. irorn the effects produced by changes in load from subsequent
circults. g HlE i el - =

ANALOG 'I‘O~DIGITA4.. OONVERT:.R (ADCI An instrument used to c*nvert analog
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 ASE :SA: Armed Services Exectro Standards Agency. i

ANC 68: Thts mlhtary spbciﬂcatwn covers 2 and 3 condut.tors 18 AWG tk. rou{,h

6 AWG floxxble portable type power cord.

ANC-161: This military speciflcation covers low tension,' aluminu-i ecnductor,

~ Insulated, single conductor cable for alreraft use.-

ANGLE OF. A'DVAN.CF': The angle between a line perpendicular to {he axis of the »

cable and the axis oi_a'ny. one member or strand of the braid. -

ANJC-48A: This military Speciflcition covers low tension, copper conductor,
insulated, single conductor cable for aireraft use.

' ANTENNA WIRE: A wire usually of kigh tonslle strength such as Cr pperweld,

Brorve, etc., with or without insulation used as an Antenna for Rac.o and
Electronlc eqmpment :

ARC: Complete breakdown of the gas dielectric between two conducting surfaces

“or electrodes as a result of ionization of the gas by a high voltage gradxent.

Evidenced. by intense incandescence of the gas. -
ARMATURE WI_RE: Stranded annealed copper wire, stralght lay, soft loose white
cotton braid. It is used for low voltage, high current retor winding motors and

generators. Straight lay permits forming in armature slots and compressibility.

ARMORED CABLE; A cable covered with 2 heavy outer braid ox‘ metal or spxral

" steel tapes for the purpose of mechamcal protecnon.

' ASBESTOS A non- metalhc mineral formed in the eart‘x's crust; wheén fabrxzed
it is useful as an msulatmg material on wire bemuse of lts resist nce to heat

and t'lame, as well as its lnsulatmg properties, . . :

ASPHALTED BRAID A texme braxd on wire impregnated with a petroleum derl-

vative much like tar. The appl'cahon of such a bra.ld affords some degrec o!

weatherproofmg

. ASTM Amerxcan bocxety for Testmg: An organizatlon that tests materials and
"i'_attempts to set standards on varmus materials for Industry.

-
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' ATTENUATION: Attenuation is a general term used to denote a decrease in
"magnitude in transmission from one point to another. It may be 2xpressedas a
ratio or, by extension of the term in decibels. : : =

. AUDIO.CHARNEIL WIRE: A small diameter shielded and Jacketed wire used
primarily in Radio and Television for wiring consoles, panels, etc.

'AUTO PRIMARY WIRE: A single or multi-conductor wize used for orfginal »
equipment or replacement on Automotive Products. Nz 'many low vomge, resis~
tant to oﬂ a..id and weather, :

: »'AWG Amerimn Wire S..L"e The standard for copper wire 8izeg, The dla-
melers of successwe sizea vary in geometriml progresaion. g :

BALANCED LINE: A transmxséion line consxsting of two conductors in the
presence of ground, capable of being operah 1 11 such a way that the voltages o!
. ‘the two conduciors at all transverse planes are equal in magnitude and opposite
in polarity with respect to ground, the currents in the two conductoys are equal
“in magmtude and opposite in direction, .

BALANCED LOAD: "In the case of a three-phase power system, the loads be-
tween each of the three phases are fdentical. For a single-phase, three-wire
system the loads between each ''hot' wire and the neutral are identical,

BALCO; Wilbur Driver Company Trade Mark name for a resistance wire; it ié
_ used in devic s where self-regulation by temperature i8 required it is an alloy
. of 70% mckel and 30% iron. Ly

: .:. 5 - :, . . ‘,.’ Y

BALLISTIC MISSILE: A self-powered bullet-shaped weapon capable of carryin g

g an explosive to a distant target. Usually follows a predetermined {ixed course. o
““The name is derived fmm artillery type balhstic projectues. 2 : i

‘B AND 8 GAUGE Brown and Sharpe wire gauge where the conductox' gizes rlée
in- geometri(zl progreasmn. Adopted as the American Wtre Gauge standard. K

';-»:_BAND PASS Number of cycles/sec expressh g the dﬁference between the 1imit-

ing frequencies at which the attenuation toa single frequency energy is the deslred
‘amount (usualiy half power or three’ DB) of the attenuation to single frequency
'energy at the mid frequency betWeen the two limitlng pointe. G e .
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BANDWIDTH' 'X‘ho frf:quency range or duterence between the Htuiting froquencies
of a- band. ; ]

BA"RB CONDUCI‘OR: & conduictor nm covered with any lnsu!at(hg material,

B C,. Abbrevlmton for bare coppﬁr.

i 8

BEADED COAX: A coaml mble ln whlch the dlelect.rlc conrigts of beads made of
various nmwrlals. ) 3 . sl - i '

prmmesis

'BIT (A CONTRACTION OF BINARY DIG'T)Y A whole number In the blacry scale
‘ . of notation, A unit of information taken with refcrence to the lomr%(hm to the
- base two. This digit may be only 0 {zero) or 1 (one). It may be equivalent to an
“ON" or "OFF" condition, a "YES" or & "NO", ete. Onc unit of information,

" BLOWN JACKET: "I‘he common term given.to an outer covering of Fwulativnofa -

cable, that wus applicd by the controlled tnflation of the cured jacket tube and the
pulling of- the »mhle,thmugh It.

poS—Y

B.M.D.: Ballistic Missile Divisicn of the West Alr Defense Command in charge
X of certain spoclflc Mlsque development pmgmnm on t'm Paciﬂc Co.\s!.

_ (we“n mctalllc ublcc(s which do ne( normally carry current. »

_-BRA[D' A woven pmmcuve outer coverlng over a condudor ur cable,” It may be - G

:-eomposed of any fmmmntary materiald guch as cotton, gi.\ss, nylun, tinned copper, 2
‘sllver. or asbesms rmres. e : '

_'BREAKOUT A hreakuut is the comman name given to me exit point of 3 conduclor
or numbor of conductors from o cable of which they are 2 part. This point is
'usuauy haa nesaed or. sealed with sone ﬁyx\thetlc rubber compound

UFFER' An isolattng clreuit uaed te a\-old any rncueu 0! Y drl\'en ci cult upon
‘the- corresponding drlving circuit; e. €., & circuit havingan output and n mu]tl~
pllcuy of xnputs, 80 designed that the output ls energized whenever one or more
inputa are cner;.lzed. Thus, a butlm‘ pcrlormu the clrcuit lur;cuon ‘hlch is.
equlv.\lenl to thc logiml "OR o

e
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BUM RUBBER A syntheuc rubber made by polymerization of butadiene. Bura-N
is a copolywmer of butadiene and acrylonltrue (CSH NS) Bune-Sisa copolymer

¢ ': . of butadiene and styrene. v Sl TR

e

- - BUNCHED LAY: In a bunched lay conductor or cable, the stranded members are
. twisted loge’lher In the same direction wlthout regard to geometrlc:l armngement.

E . BUNCH STRAND A conductur in which all ‘ndlvk:ual wires are wwisted In the :
same direct.on without rec‘mrd for geomelrlcal arrangement. :
.BUREAU OF A%.RONAUT!CS A branch of tho Navv Dcpartment whteh has cogn!— .
gance of all Naval Alr acuv!ties, 1§ also custodlan of some aoa!gned specmcauons
for all armed Iorces. g : .

V.ﬂm-. %

BUS: A path aver which information or energy 18 transferred, ‘€8, anelectri- "1 ; -z
cal conductor or line. TR e e

CABLE: A cable may be a small number of large conductors or & large x\{xmber ;
of small conductors, eabled together, usuaily color cuded and with a protective . "

covering or facket.

& dopris 4

CABLF. ASSBMBLY A cable assemb!y is a cable with plurs or ccnn&cmra on g ;
eav.h end Ior 2 Bpecmc purpose. 1t may be (ormed in var!ous conflgnx:atiom.\ o

LIS X CABLE CORE‘ The pomon o( an insulated cable lylng under the promcuw
: coverlng or }acket. ; ji

‘ m : CABLE PULLERS: Cable pullers are manuhcturers of mble assembnes who ® R
i fabrlcate them by pulling the conductors through a plastic, rubber orneoprens -
= take. c.ame puller is also a tool for pumng cables through a condu\t.
) CABLB S!!FATH A cz\ble sheath ls a coverlng ol Nbber, neoprene. WN’\ ur, .
Sy lead over a wire or cable core. , i

: ':_ CALIBRAT!ON‘ ; To delermine by measurement or commrl»on wlm a immhrd,
variauons betv.een true v.;lues and the readlnsn of an umrumem. i :

2 CAPAC!TANCE (COMUCTOR) Tmt property ol a ays tem of conduaors and

< dlelectrics which permits the, Storage of electricity when potential duterencec
_exist between the conductors. ‘Its value I8 expressed as the ratto of a qmmlty o!

. electrlcuy to 2 potential difference, ln Iarads (microlarads). A capacitance . :

.-v:lue 18 always’ posiuve., L g T i

,
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CAPACITIVE COUPLING: . Camchlve coupling 1s the association of two or mox‘e
circults wllh one another by means o( capacnance mutual to the circults.

CFNTIGRADE A“:smle fdr measurh\g tempera(ure on which waier bo'ﬂs at IOOOC'A;‘ )
'md freezes at o°c. as compared to l-‘ahrenhelt on \\hlch water boils at 2I2°F and

freczes at 32°F,

. CHEMJC‘ALLY CURED COMPOUND: Chemlcally cured oompounds are those

compounds which are cured by chemical process rather than by heat and pres?,ure’.
In cther words, the basic compound Is accelerated by addfng chemlcal Lngredmnu

which when mixed completea the curlng

‘CHROMAX: Chromix I8 the trade name of Driver Harrls Compary for a res!smncé: .
wire. ' It I8 an alloy of 35% ni<kel, 20% chromium and the balance lron. 1t was de~ |

"~velopcd as a cheaper subatitute for nichrome-resistance wire,

CHROMEL-ALUMEL:. The alloys used In makliig Chromel Alumei thermocouple
wires. Chromel i3 an alloy of nickel and chrome plus 8 other elements. Alumel

is an alloy c’onlalmn'g nickel manganese, alumihum, sillcon and § other elements.

“Chromel is non-magnetic; wlumel Is highly magnetic, Chzomel is the posuwe _

wlre, nh;mel is the negame.

CIRCUIT (ELEC‘I‘RIC) Th0 complem path o( an electrlcal current. When the

wutlnulty of the clrcul( ls hroken it Is called an open clrcult; when conunuity s .-
malntalned h is (:med a:closed circutt. e X

ancuum MIL: A clrcular mu ts :\ unit of area eqml to pw of 78.54 percentof -
a square mil. The cross-secuoml nrea ofa circle in circular mils is, therefore,.
equal to the square of its dmme(er in mlls. A clrcular inch is equal tol, 000 000

clrculnr mﬂs. e

COAX Abbrevmlon (or coax!:xl mble. A smgle sond or stranded conductor over: -

which Is extruded a diefectric material.

An overall RF Shleld of wire brald,

Mylar-backed foil, or metal tubiny 16 added over the lnner dislectric material
with an outer sheath of dlelectrlc ma(erlnl extruded over the shleld to (orm a

pro(ecllve coverlng.

COLD FLOW* See creep.

s = 3
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slgnal it produces. .

» COMMON-MODE RESISTANCE: Resistance hetween. lnput s;gnu mes and B
output signal iines or circuit ground. In an lsolated s.mpmier, this ts Its |

: COMMOV-MODE VOL’I‘AGE. That amount of voltage common to both lnwt line&. :'

 down Insulation between the £nput clrcuit and ground.

'COLD MOLDING: Shaping at room temperature and curing by subsequent haking.

COLOR CODING: Color coding is the appllcation of a colared jacketing material
on the conducting wire. Also color coding may be accomplished by the- appu«
cation of hellcaily stnped color on the outer surface of 2 jacketed wire,

CODOR SHADES These are the hasic 12 colors as speclﬂed In M:L—S’I’D-loé
within certain iimits of light and dark as shown on the color chips accompanying _
the standard specification. In the case of gynthetlé ribber lnaulatfon, polychlor-
oprene {neoprene) nylong or compound-filleéd tapes, for circuit Idenuﬂmtbn,
somewhat wlder limits will be permitted in cclor shades prcivided all colors in -
the cable are easily distinguishabie from each other. _ L
COMET C Comet C ls the trade name of reslstance wlre manuuctured by the
Driver Harris Company. It is an alloy of 30% nickel, 4. 5% chromlum, and t.he
balance u'on. 1t {s used from low to medium temperamres.

-COMMON-MODE I\"PUT‘ CommOn-mode lnput is deﬂned ag that eignal applied
in phase equally to both inputs of a dﬂterenual amplifier. .

COMBiON~MODE GAIN: ‘Common- mode gain Is defined as tr 2 ratio of the

_ commpn-mode output \'oltage dxvided by ‘the common«mode lnp'zt vo!tage. s

COMMON”AODE REJFCTION Th'» abﬂltv ot an amplmer to reject a slgnal

common to both its mput signals, Common-mode re)ectlon (CMR) {5 the ratto of .
the applied common-mode Input voltage 1o the ezulvalent normal mede out:put

Insulation resistatice. Commoa-mode voltage and common-mode rns‘stance Have
no connectmn with the common-mode rejectlon.

Usunlly, a nnxlmum yoltage i3 specified which miy be applled wlthout breaking R

‘ CO\'(MUTATOR A de»lce which is analogx fo'a rotary switch with mary contacta, L.
_each comact having a different. slgml. As the awltch rotates each &lgnal @ L B
- samoted Sequentlally and is avallable at a contnon polnt, the wiper x
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- COMPOUND:' A compound is the chemical mﬂo'n oi’two oxj‘ tﬁohe"eiément’s. ’

COMPRESSION MOLDING A method ol molding thermosets. Compound (usually :

preheated) 13 placed in an open mold, mold ls closed, and heat and pressure,
applied until material is cured. This prOcess can also bc. used with synthetm

) rubber materials,

; COMPRESJVE STRENGTH. Crushlng load at faﬂure dlvlded by the orlginal

sectional area of the specimen.

L -__. .CONC'ENTRIC LAY: A concentrlc lay conductor or cable is composed of a -

central core sourrounded by one or more layers of hellcal_ly wound strands or

insula&ed condu ctorB.

~ CONCENTRIC STMNDING' Stranding in whlch the individual fﬂaments are

aplraled in luyers around a central core. As a general rule, each layer after
the first has six more strands than the preceding layer and 18 applied in 2 direc-

' _ ion con!rahellcal to that of the layer under It.

COVDENaATION A chemical reactlon In which two or more molecules combine
resultlng in a molecule of greate" density. For example, water vapor oonden:es-

' to form water.

B CONDUCTED lNTERFL\RENCE‘ Caused by the coupling effect of mpacitance,
»reslstance, and inductan ce to the aource of lnterfarence. i

—\,ONDUCTION. Refers to h.terferlng aignals that appear across the fecelver input
L termtnals bemuse of leakagc paths mused by motsture, poor lnsulatlon, etc. .

CONDUCTOR. A eonductor is 2 medlum (or transmitttng electrical cm-rent. A ot
nductor usually consis.ts o( coppex‘, aiuminum, steel, slh'er or other materfals.

71

Q;_ CONDUIT A tube or trough for protecting electrical wires or cables. e - E e

7 _CONFIDENCE LEVEL' Express (in %) the probabﬂity that a given assert.on 1s s
- trué, that it lies withtn certaln limitg-calculated from the data; a degree of = R
'.'cettainty. : i Ee S e L T L s

ACONNEC’TOY A mechanism used to unite two plecea of mble, bot.h phystcauy _7‘ :
and electrlcal y. y ; .

oo ‘s,'.‘..,_g_.,.‘»... -
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©.. CORONA: lonlzation d.f-airxsurrdunding a conductor caused by t}mel'inﬂ'ueng:e-'of
" high voltage. lonization and partial breakdown of the gas dielectric in the viclnity !

a faint purpllsh g,low
B 'CORPS OF ENGINEERS A branch of the Army In ch.arge of construction on a!l :
" ‘military installations and specifmally supcrvislng constructlon of mxssﬁe lnstau- ;

4 atlons for the Alr Force. i ; 2 Tl R
: such a way that power maybe transferred from one to another. '

'CREEP. The dlmensional change of a materlal under pressure over a perlod of
7 time. _ ; >

e -

CONTINUITY CHECK: Contlnulty check is a t2st-performed on a length of
finished wire or cable to determine if the electr '..al current flows contlnuous
throughout the length Each conductor may also be ehecked agalnst each other to
ascertaln that no short exists. . 3

CON’I‘RAHELIC‘AL In the wire and cablo industry the term s used to mean the "-

direction of a layer with respect to the previous layer. Thus It would meana

- layer spirallinf’ In an opposite directlon than the preceding layer wlthin a cable
or wire,. -

'COPOLENE: Copolene P  dielectrlc material uged in manufactux ing coaxinl
' cable. Developed as a substltute for polystyrene. ‘Itis compOSed of polyatyrene

and ' .lyisobutylene. ‘Since it has undesirable ~haracterl: des, tt has been re-
placed b) p’:‘veu-.ylene. : :

COPPER CONSTA N'I‘AN Copper and consmntan are two alloys used in making
thermocouple wires. The copper is the positive wire and.the constantan is the
negative wire, ]

COPPERWELD: Copperweld is the trademark of copper covered steel wire manu-
200 factured by Copperweld Steel Company. It 18 made by an exclugive molten weld-
" ing process whereby a thick copper co\or!ng 1s lnsepa:ab!y welded to a steel core. 4
3 Copperweld thus performs as one metal, Hot -omng, cold drawing, pounding or i
. temperature c‘hanges cannot affect It, . H o

of a conductor due to a mgh veltage gradlont. M&y or may not be accompan!ed by

COUPLWG‘ Coupllng is the assoclation of two or more ctrcults or systems in”
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as a form of insmatton between two electrlcal conductors of different potential

. CROSS—-SECTIONAL AREA OF A CONDUCTOR' Crost-sectlonal area of a con- :
ductor is the sum of cross—sectinnal areas of all the lndxvldual wires comprlsmg :
_the shand. ¥ . ' - " :

. LA S = j ' CREEPAGE SURFACE An insulattrg aurface which provides phystcal separation : {
]
-

CRG.:‘S TALK: Is interference that arises Irom other slgnat wirtng. Llectro—A
magnetic and electrostattc couplingg exist between stgnal leads in close proxzmxty.
and this effect may be stgniﬂcant if the stgnal levela ate very different.

CURE. To cMnge the physlml properties of a matertal by chemlcal x'w.ctlon, the
action of heat and catalysts, alone or in eombtnatton, with or without pressure.

CURING TEMPERATURE: Temperature at which & materia! ls subjected to curing.

- CURING 'IYME In the moldtng of thermosetting plastics, the time it takes for the
material to be properlv cured, " -

® = B A om o a

cv: The abbreviation for _contlntioua vulcanization. A process for applying and :
curing rubber and rubber-like material on a mass production basis,

B

C ’CLE The conplete sequence of aiteratton or reversal of the now of an aIter-

natxng elect.rtc current.
‘DATA'. Plurgl term collecuyely used to designate alphabetic or mimeric material,

serving as a basis of discussion; material may or may not be technical in natore, }
Infor mation, parttcularly that used asa basts tor mechanh:d or electronlc 2

e computation.

[ S R

st

" DATA REDUCTION The art or process of - transforming masses of raw test or
i Ny experimentauy obtained data, ‘usually gathered by tnstrumentatton, into useful
e ordered or simpliﬂed intelllgence.

[ S

"fDATA-REDUCTION, ONcLiNE‘ The processing ot ln!ormatton as raptdly as thei'i' '
P informahon is received by the computing system. R v, e ]

TPy B LOSS The ioss ofa slgml over a conductor oxpressed in dectbels. e

DECIBLE (db)- Unlt used to express the rat lo between two amounts ol power, _ Ty
voltage, or current between two points. Sl i . : R




No. of (db) & 19Log 10 % 20 Log 10¥1 =20 Log 101 ". o e

'_ 'i‘iie voltag'es or currents in question are measured at points having identical’
impedances.' N : :

- e

DEGREE RISE The amount of increasé in temperature caused by the intro-
duction of electricity ini.o a unit. :

DELAY LINE:. A conductoi that ie made of a specific material ina specific

g size and length that will permit the delay of an electrical impulse for a ‘pre=

i deter mined specific length of time. The delay is measured in microseconds _ :

: ~and micromicro-seconds. . : , B B

I . DENSITY: Wexght per urit volume ofa subatance.

DESSICANT Water or mmsture absorbent material used to prevent moisture 3
from damaging packaged equxpment or other mcrchandise.

DIELECTRIC- A non-conducting material ora materiai hnving the property
that thie energy required to establish an eiectric field is recoverable, in whole
~orin p'trt as electric energy. A vacuem is a dielectric,

DIELECTRIC ABSORPTION That property of an imperi‘ect dielectric whereby
there i an accumulation of electric charges within the’ body of the material
_-when it is. placed inan electric i'ie!d.

.‘.‘DXELECTRIC CONSTAN'I‘ (SPLCY"‘XC INDUCTIVP CAPACITY) That property :
. of a dielectric which determines the electrostatic ene“gy stored per unit volume _
i for unit potentlal gx‘adient. C, : ' : ’

o ‘mELecmxc LOSS: The time rate at which eleétric eriergy 10 trarblovmed into '
heat ina dielectric uhen it is subjected to a changing electric field, - ._""'-‘..

,_mELEcmxc POWER FACTOR: An expression of the e energy loss in an electrie U2
- ':' current due to the éffect of the dielectric. o T

.{f DIELECTRIC S‘I‘RENGTH The valtagve stress required to puncture an insul? '
& _";ation of nnown thickness (m volts per unit thickness or per mu)
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. verts mto coded digital infor mation am!og input voltages.

DIRECT COUPLING Direct coupling is the association of two or more circuits

\ mspERsrdN: The scatter of values.' il

DOUBL" SHIELD Two shialds oné over the other. Maximum coVerage 98% for .:»f )

-a eonsider:zble amount of the inductive eftects of spiral type shlelding. :

EDWARDS AIR FORCE BASE Alr Force missue test c n*e'_r, located-at_EQWards.,-i_-f’-'

piasRat b et ey A iy St e Sl
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DIELECTR]C STRENGTH (DISRUPTIVE GRADXEN’I‘) The maxjmum potential
gradtent that a material can withgtand without rupture. The. value obtained for )
the electric strength wiil depend on the thickness. of the materlal and on the method
- and conditions of test. Usuauy expressed asa voltage gradlent (such as volts per
mil)., i .

DIELECTRIG TESTS:;, Tests which consist of the application of voltage higher than
the rated voltage for a specific time for the purpose of determining the adequacy
against breakdoWn of lnsuiatlng materiais and sp&s’cings under normal oonditioxxs.-

[

DIFFERENTIAL A Ampmmm- An amplifier whase fnput lents are retifedite’ St
cir cuit ground and responds to differentlal slgnala. o Gk

DIPFEREN’I‘IAL GAIN: The ratlo of the dtfferentta! output signa! dlvided by the
differential input signal: caustng that output.

DIGITAL-TO-ANALOG CONV ERTER (DAC) An Instrument which converts digital
information (e.g. I's and 0's) into analog voltages which are proportional to the i
numerical value of the digltal information, ' )

S L

 DIiGITIZER: An eiectronlc device used in data acquisition which accurately con-

e
i

by meansof a seu-xnductancc- apacitance, reslstance ora combinatlon of these
: which is common to. the clrcuita._- ; i

PRUSENENNN

ey iy

copper braid.
DRAIN WmE' An uninsulated strandcd or soud conductor \vhich is Iocated directly
"under a shxeid This wire, since it comes in contact with the shield throughout

“the entire iength of the cable, may be used to terminzte the shieid and enminate C

e Lo 3 wo

E C M Electronic counter measure. The use of equipment to prevent or Snduce L
]amming of electronic equlpment missue syatems, tadar, radio, etc. Y s ey

California. R
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- EIA: Abbrevxauon tox Electronic !ndt.strles Assocl..tion. formerly RETMA
: (Radw, Electromc, Television, Manufacturer sAssociatlon) LI

ELECTROMAGNETIC INDUCTION or INDUCTIVE PICKUP' Reters to 1nte"- :
terence coupled to the measuring cireuit through magnet(c flelds. ¥ ae i

ELECTROSTA"‘IC INDUCTION Somenmes reterred to as capaclﬂve (nductlox\,
- is due to the unavoxdable capacitance betwéen the 1nstrument or lts wnrlng and ;
the surroundmgs. - S

ELECTRO TINNED: Eiectrolytic process ot tinning wire uslng pure tln. '.7 o

ELONGATION. Elongation is thﬂ extension or int.rease in length produced by

_ a'tension load ina section-of a test specimen between bench marks placed on it,” _
_and s efther expressed as a percentage of the original length between bench marks
or iadicated by specﬂylng a mm.n wem dlstance between henchmarks

ENAMELED WIRE‘ A conuuctor ‘with a taked-on varnish eno:nel' may be 7 gage
through 50 gage. It is ustally used in winding motors, coﬂs, transtormex s, ete,

ENERGY’ (ELECTRICAL) Energy induced by the movement of electrcns B :
through a conductive material. SR, L S

ENVIRON MEN’I‘. Surroundings mto whrch wire or cable is to be placed.

_ EPO"Y A pottmg ¥ esin used in oondmg' such asg to bond tetlon wire to pot
fconnectora to assure tha they are moxsture—proof.- .

POXY RESINS Straight- chain thcrmoplasncs and thermosetting resins based
on ethylene oxxde, lts derlvntlves or homologs. CEEER

- ETCHED me ‘A process applied to teflon wire in which the wire it passed ,
. througha sodmm bath to create a rough surhce to "lxow epoxy resin to bond the :
teﬂOn. w0 g SR

. EX’I‘ERNAL INTERFERENCE' This is the etfuct of any electriml waves or
i nelds whlch cause coniueed sounds other than the desired algnaI

B ) EX'I‘RUSION‘ A method of applying msulauon to ace *f!uctor 01‘ jacketh\g £o a mble..
_' The process 1s conunuous. It may utﬂtze ruhber, ne-. zrene, or a variety of s
e plasuc oompounds. : B ,
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FACILITY POWER SYSTEM: That purtion of the electrical power distribution - !
and utilization system on the secondary side of the maln electrical service trans-
- former(s) for the test taclllty 5 : : §
. Al

' FAHRFNHEIT A scale for measurlng temperature. Water freezes at 32°F and |
boils at 212°F o°c 212°F= 103°c.

FARAD: A unit of measuring Capacltance usuale expressed in mncrofarads \Mfd) o
or micromicro~farads (MMfd).

A e o Y AN A B o S 15

_ FEP An abbreviatlon for Ilurolnated ethylene propylew thermcplastm . I
e material used as a wire insulation, FEP has outstanding insulating character- -
i ‘ ._1st1c.. and retams them over a wxde range of _temperatures and frequencles. e

Mo A L s e v

AR

_ FILLER Fﬂlers are used in multl- conductor cable to occupy the mterstnces i
formed by the asscmbled condu-.tors. :

S

s

FLAME RESISTANCE Ablhty of the mateérial to extlnguish flame once the source
of heat is removed : :
) FLAMMABILITY:‘: Measure of the material's ability to support combustion.

. FLEX LIFE: The tlme of heat aging that an insulating material can withstand

_ before failure when bent around a specii‘xc radius (used to evaluate thermal s

: endurance) g E PR L b ‘ i

FLEXURAL s'msnc'm 'I‘he strangm ofa materlal in bendlng. E

P

FOAM POLYETHYLENE A polyethylene compounc‘ whlch has been whlpped ln %

the presence of an Inert gas. The resulting compound tasa lower dielectric _ 13 i
00nstant than does bamc polyethy’ene. s T 4% e 1 5

FREQUENCY va ISION MULTIPLEX: Process or devlce in which signal channel o
- modulates a separate subcarrier, the submrrler being spaced in frequency to ' 1 :
avold overlappmg of the submrz ier sxaebands, and the selection and demodulatlon - b

of each sxgnal channel on the basis ot its frequency. e e

FREQUENCY S‘ﬂIFT bystem uf telegraph telelypewnter operatlon in which the s _
- mark signal is one frequency and the space signal a different frequency. - NOTE' a 5

; CCITT recommends that mark is the lower frequency. Also,’ the difference be- -':., o
" tween mark and- space wxll vary In du’ferent Systems g 170 CPS U.S. A., I
' CPS Lurope. g B

O atd s Batarts s TLr A Ay iam




- which serves in place of the ea.rth 5 - g

together at only one point, (e.g. ground bus, plate etc.) and lhen, 11‘ required, i
'~‘_'§'thxs pomt can be connected to earth. R R e

,-.,_GROUND BUS A bus used to oonnect the number ol’ ground conductors toon iy ‘
23 __-or niore ground electrodes. ey % ) - e i

"_f'GROU D CIHC UIT: That portlon of an eieetncai or electronic circuit whtch is
o okept at essent:ally zero voits v, .th restect to the power supply voitages. Thig - D
~ ground circuit is not necessarily connected to earth, An electronic tircuit wiﬂ‘ i Ty W
perl‘orm Whether or ot its ground circuit is connected to earth, : G

consisting of a ground!ng conductor a groundxng eiectrode, and the earth (Bou)
T Whlch surrounds the eiectrodes.,~ el AL Y =

_': GROUND CURRENT LA current (towing m the earth or some other body serving i
;m tts place. ' AT S B

5 FREQUENCY SHIFT KEYING: Frequency modulation of a carrier by a m'oduiattng .
- signal which vdries between a fixed number of discrete vaiues (a digital signal),

' GAS FILLED CABLE: Puper Insulated lead sheati cable filled with gas which
“ provides.a self-supervised atarm system. There are three different types:
. Low ?Pressure, Medium Pressure, High Pressure. They may be instailed fn -
- ducts, in an' or bur ied dxrectly.

GENERATOR. A generator is a machine used to change mechaniwl energy Into
eiectrrcai energy. Y 4 :

GLASS BRAID Used to provide ther maI and/or nlechanical protect!on in the j‘ - g
o undertyxng insulation of certain types of conductors. N 4 e g

@ ' GLYPTAL: Glyptai ‘is a tradename for an ineulating varnish, 'such'as'eoating.-.
- on coils. It is resistant te heat, oil and to corrosive conditlons, i s g, / o

GROUND: A conc ting connection, whether Intentional or accidental, between -
an electric circuit {or equipment) and eartl, or to some other conducting body: -

GROUND, ANALOG: Associated with the input circuits of an instrumentation i
system., Anaiog groun‘d circuits are isolated from one another and are connected -

L850, =
7o e e

GROUX\'DING'CONNECTION' A connection (used in estabushlng a. ground) and”




GROUND, DIGITAL: Associalcd with the data processing system dl;.ll:d circuits.
This ground circult takes U\° form of many paths from each clreult to the ground
point. Unlike the amlog ground‘ circutt, a8 many paths to the ground circuit as
feasible are used : nd may not bo“tscl;.\_led from each other ag long a8 "o closed )

clreuit Joops are formed.

GROUNDED NEUTRAL: The neutral wire is metallically connected to grousd. -

. GROUND LOOP A path iﬁro\lw which currént may flow from any startlng point
= turough a system and back to the original starung potnt. o

GROUNQ POWE& The powet vourd a8’ definet! by the Nauonal Etectrlcal Code is
any electrical connection bei 4 een power system conductors (usually the neutral
conductors) conductor enclouure or equlpment enclosure and earth with 25 ohms
or less realsunce to earth, This gound is for the protection aad M!my of.

~ personnel,

GROUND-RETURN CIRCUIT: A ground-return circult fs a clrcull which basa
cunductor {or two or more ln parallel) between two polnts ard which 15 conpleted
mmuw the grmnd or mmh. ;

2 "GROUND PLATE' A plate of conducung material instau@d I s an equ!.pment rack
o as common tie, polnt lox .m Q,;mmd ctrcuus tn the system. f

S

: (‘RS (Governmem Rubbor Syntheuc) Thla tsa government umdard lor Bum~S
i Rubbor for jackeung nnd hmuhtlng, compounds Ior mmmry wlrea :md cables.

’i"'_'__-(.umn smsw A shield which surrounds e it ctreut of an amplmer.

HARD DMWN‘ A tcrm tlm retcrs to the temper of conducmrs U\:t are dr* wn
\vuhout anneaung or that wmay work harder in tha dra\\ tng pmceua. i
" ., -..{ _,n il e e
HEAT ENDURANCB. Tho time of heat agmg that a matenal can wlt!wtnnd Lefore
; ‘f.tulngn 8pecmc phyﬁtcal toat. : fe s : Ay :

_;‘ng,u\x deemme o(acoaxlal cab!e. 4

b

: 3 HOOMJP WIRE: Snnl‘ wires uscd to hook up mstruments or oloct(lc;ﬂ part
? ua\muy 12 g:\. ..mcl smaller. - : : TRE _




‘INSULA'NON RESISTANCE The reslatnnce ouered by an lnsulaung material to

: INBULATOR A material ol such low e!actrlcn! conducuvity um lt wm not support
.‘:._. an nlcctrtc current tF o Tl

E INTFGRATED DATA PROCESSING Way to transform dlajoimvod and repeuuve
paper work msks Into 2 correlatod and machanlzed producﬂon of lnfor'natlon for-
“": P“fl‘%‘"- : L i

A

» NRST!CES A apnce between one tmng nnd another, an betwnn conductors ln ;

. - HYGROSCOPIC: Having the tendéncy to abedrrl'): moisture,

i,'\cs: Intornational Annealed Copper aaim,-éd ERN P P

IMPACT RESISTA\ICE Relative susceptibuuy of materlnl to frncturc by shock.

(MPEDANCE- The apparent resistance to flow of an st ernaung current. Gener-'

'ally exprcssed In Ohms. e _ . AT

IMPRB.GNATB- To ml the voida and Lntﬁrsucea of a materm witha compound
(This coee not imply complete £L1i or complete coatlng of thu gurfacee by & hole~
Iree mm) ‘ :

IMPULSE STRPNGTH “The voltage bwakdown ol {nsulation undcr voltage surgee

on the ordr'r of micmseconds in c.uratlon.

!.vJEC'l'lON MOLDING: A mo‘dmg pmccdure whereby a heat-softened mtterlal
1s for¢ed from a cylinder into a mold cavity to give a desxred almpc. Cure ls ob-

: lalnen under heat and pressure.

‘AINS‘I‘RUMLNT GROUND: See GRA’)UND CIRCUIT )

the tlow o( current result!ng {rom an hnprelsod bC voltngv. .

INTFRCALATED TAPES T\vo or more tapen, generally 0! dlﬁercnt composluon,
appllcd stmultnneously in such a manuer Lhat a poruon of os\s.h u\pe ovorlles a -
Dorum\ af the other tape. ;

Mt e

cabm B

V.V'IRON CCNS‘!‘ARTAN. A combination of mem!: umd £n thermacwp!oa. thermo~
LI S couplo wlrea and thermccouple lead wires. The iron wire ls. poaltlve, the con- Ead
. stantan negative, ‘A regular stock ltem at Standard Wire and Cable. - :
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brought froma central unlt. The power is then dibtributed to the requlred point,

£ for mlmg the mtersuces, to glva a round cross -section,

KARMA Tr;\de -name for a resismnce wire compoaed of 'H S% nlckel 20%

: MAGNET A lerrcus melal thnt ha.s lhc property of nttr’actlon 0{ other ferrous _
.Vmemls. g - e y .

3 ISOLATED AMPL!FIER‘ A dlfferenual amplmer whose lnput signa} ilnes are _i -
© conductively {soiated from the outpit signal Hnes and chassis ground.. An lsul.ncd,'-

sunpuh,er ls a dlfrerentml ampimer. The_ reverse is never true

"JAC}\ET. An impervlous covezlng OVer insulation usu.\uy rubber, plastlc cotton,'
V neoprene or glass._

J BOX, OR JUNc‘rtoiq BOX: A box made of matal which houses electrical pewer

: _;JAN «C- 17A‘ Jolnt Army-Navy specmcarion cover lnb coaxhl cables used. for Mgh
frequency appllcauons as in radlo, televlslon, radar.

o JAN C-T3A: Jolnt Arm)-Na.vy specmeauon coverlng, raaio hook—up wlre. Typea
~ SRIR, SRHV, wu nnd SRRF.

' JPL’ Jet Propulsion La.boratorles, Ca,llfornm Poly{mhnlc Instltute

. .JUNCTION OR THERMAL POTEN’I‘IALS: Can contribute to error and are.of

special concern in handting low level DC signals. -Items such as the cable flexing
noise that arises in the use of nH meterb and ion ctumbcrs might be al¢a puced
h. this category.‘ ' : Shi :

JUTE A natunl llbre ol plant base formed lnto ropo-like strands. Us'\d ln cabiea

S JU’I‘E: FILLFR Rope-llke strands of materzal usad In cables for mung in the
2 lntersuces to form a rounded shape‘ o

chromlum, 2 75% nJumlnum and 2 5% copper.

'!xEL 1 78 lymonachlorotrmuroethylene mL-w 12340 High temperature :erSu'Aa;- -

tion -55°C to 135 C used on hook-up wire, and for tubing where temperatures are
beyond the mngc o[ PVC, and where reslstance to nolvents ls needed 3

LOSS FiCTOR‘ Pmduct of the dielectric constant nnd the power lactor and pro- _' -

portional to the actual power ina dlelectrlc. :

Danein '
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MIL: One IOOOth of an !mh. A Bl used ln n:easurlng dlameter oi wire or thlck-
. ness of an lnsulauen overa conduetor.. ‘

MILLIMETER' Unit of i.nea' measura. Abhreviated MM. Equal to one thou- !
o sandth of a meter.

MIL-C~17C~
o MIL-C- 21(\4: ?-Mx:t;zr_y specu!-.ztlcx';:-.‘or s,l*.lconé rubber nxsﬁ]_até’d. éﬁﬁoréd shié-
- boardcable.. AN S S Rl N R o e

- 'MIL w- 5085 MJimry specmanhm tor asrcrut 600 volt elacrsal wire, 105° '_fi
'maximum tempex‘ature r.\tlng. T!\em Are three conatt’ucliona g ST ety oy i

' MAGNET WIRE Insulated copper wire used Ior wlndlng cous, motors, and
tnns(ormers. ' : .

MARKE.R THREAD: A colored thread layed parallel and adjacent to the strands

of an {nsulated conductor which identifies the wire manufacturer and often the

specification under which the wire is constructed,

- MEAN: The arithmetic average; X {or a sample; X {or a population, Equaj_s—-——-":
x =sample, n= number of samples ot F. g :

MEDIAN' The value abz" 2 whlch and below which, hal{ lhe values he.

MLGAWAT‘I‘ One mullon watis = one megawatt.

- Mitd: The- commonly vsed abbreviation for mlcro‘tarad, one muu'onth‘dt a:_far;id,

the international standard lfor the unit of capacitance.

MICA: A transparent <.Jicate which separates Into layers and has high {nsuiation
resistzugce, high dieiectric strs’ngth, and high heat reslstance. :

MICROME’I‘EP.. An jastrersent ueed for measurlng usually in IOOOth ol’ nn inch _'-'

lc.t. el

Mmzary spe xfm vlt;:\:ééver_{ng most coaxial cables.

'rypa I Pirs. ‘stranded ‘inned condurtor, second prlmary ln ma‘icn A‘" '
Tmrd extruded clear nylnn. - e ' :




' Type I First strandcd tinuLd cond;ctor, second primary insulation, PVC
Third g,lass fiber brald treaied ‘with suitable saturants, Fourth, extruded
ciear nylon on Sizes 22 through 12, and braided nylon impregnated with nylon -  %
lacquer on sizes 10 through 4/0, - ;

'l‘ype II: First. stranded Urned conductor second pmmary Insulauon PVC,
Third glass fiber brald treated with soitable exturants. Fourth, secondary

: : insulation, PVC, Fifth, extruded clea.r nylon Sizes 22 through 12, and braxded
nylou impregmted with nylon 1acquer on Sizes 10 through 4/0,

e i -‘MIL-C-T7079: Milita‘ry specification fo_r ‘shiel.d aircraft power cabie, 600V,
A Speciftes that the Inner conductor shall be to . i L.-W-5086. ‘

MIL-W-5274: Milltary speci{lzation for airc~..: 1sulated 'ei'ectrical wire. There
are three coastructions or types: Type 1 - Str~-.axd conductor, PVC insulation,
extruded nylon jacket, 600 V rating. Type I' - ¢ randed conductor; PVC iisula-
tion, glass flber brald, extruded PVC and extauded nylon jatket 600 V rating.
Type IlI - Constructed as Type H, 3000 V rating. Specification calls for surface

© marking showing government designatioh, manufacturers Identification, wire size
and year of manufacture at Intervals of not more than fifteen feet,

MIL-W-8777: Covers.000 V, lSObC;WWgr and lig_iiung wiré_. Constfuctlon: Siiver -

‘plated conductor, sillcone rubber insuiation with protective cover of braided or
extruded material, Additlonal coatings as needed, :

sil\'er conted copper stranded cnnductor, then lam'inates of teﬂon and glass.-
~ MIL. C 8721' Alr Force specmcatmn for n"nlature coaxial cables RG 178/0
179/U 'wd IBO/U. : e g ;i

‘MIL- 16&78 Al types. Coveis wire intende” *>r internal wlring of electric and

. electronic equipment. Temperatures range t.om 80° to 200°C, - Potentlai ratmgs
from 75 V to 3000 V. Type B - Stranded TC Lonductor. PVC insulation 600 V
100°C Stzes 32 throu;,h 18, TypeC - Staudud TC Conductor, PVC insulation -
1000 V - 100°C Stzes 24 through 14. Type D- Stranded TC Conductor, PVC in-

" sulation 3000 V - 100°C Sizes 24 through 6. Type E - Stranded SP Conductor,

: tefion insulatlon 600 V - 200°C Sizes 24 through 10, ’I‘ype EE - Stranded.SP Coti~ -
‘ ductor, teflon insuiatlon 1000 V - 200°C Sizes 24 through 10, Type FF - the same
as EE except for sllicone msulation aud It comes In Sizes 24 through w Type

N- Strxmded TC Condu*tor. nylon insulatlon 75 V- 80°C Si?es 32 thmugh 20,

|- MIL-W-T136: MiL.»ry specification for 600V, 400°F wire. Construction: 1si, =

& ;
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© MIL-C- 250'3.8‘“' Miiitary specification coverlng high temperature and fire resist-

ant cable. Nlckel ciad conductors, maximum temperature 750°C outer braids

balance steel

7' -and px'otectlve coverings as needed. Braids and coverlngs are usuaily teﬂon,
: asbestos, and glass. 2 5= . 2

MMEd: Cdminbu i\é'e.d abbreviation for one milllonth miilionth of a farad.
_MODE: The most frequenfvalue. Peak on the frequehcy—dls’tpibutibn curve, 5

MULTiPLEKE_R: An electronic device which electronically scans a number of -

. parallel input channels ard provides a.sertai output signal which 18 composed of a-
series of analog voltages representlng a coutlnuous sampling of each Input channei
Its function is the same as a commutator,

'MYLAR: A molecutarly orientated polyester {ilm with very hlgh dielectrlc and
tensile strength manufactured by the E.I, du Pont de Nemours and Company. It
is normaliy used as tape wrap over a cable buudle. .

NAS-STANDARD::. Nat;oxial Aerospace Standardd, These are specifications
compiied on different items by the Aerospace Industrles Assoclation of Amer ica,
) !nc. ‘

N,E.C Nauonal Electric Code, which stipulates the use of wire and cable in

: b__uildlngs and factories. Most eity electrical codes are derlved from {t. Ithas.
k _beeu' cbmpiled by the fire underwxiters and wire and cable manufacturers. :

i N E M. A Natlonal Electrical Manu{acturcrs Assoclation. It ls known t,u- lts :
,“stanuax\dizatlon of electncal'motors, components and wire and cahle apecmca- G L e

'__ tlons e : . =

: VEOPRI?NE. A trade»name ot E 1. du Pont da Nemours {or polychioroprene,
“ “Fubber-like compound which is kru. wn tor its resistance to the e((ects of oil,
= soi»ents, nnd abraaiou. : ' ok a2

TN S

» __' NEOPF JNE TUBING Used by cabla pullers ng jacket

i

'_'. NICHROMI:.. 'I‘rade-name for an a.lloy of 60-'5 nickel 16% chromluﬂ nnd ehe

e e

: '_ ; NxCKEL CLAD COPPER me A wlre with & layer ¢ nickel on & copper core
s, where the area of the nickel ls approxlmnlely 30 of th« conductor nrea._ The
k nlckel has been rolled and fused to the Lopper betore drawlng. 7k




NOISE: Any electrtcal lnterference present ina measurement sigml which does
" not contribute useful tniormatlon relative to th& measurement signal

& NON-CONTAMINATING‘ "Referstoa typé of PVC j'\ckettng material w'hose plasti-
- cizer will not mlgmte fnto the dielectric of & coaxial cable ‘and thus avolds con--
57 tavninating and destroying the dlelectric. : s -

. V NON-FERROUS. Term means not of lron and refers to ailoys which have no iron
s 5 Vor steel as in;,redients. - o 52, ;

‘ kS NON-HYGROSCOPIC Opposﬂe of h} gmscopic - will not absorb motsture. '

A5 ) )NON MIGRATIN@ Means same thmg as non-contamtnating. - .

NORMAL MODE VOL’I‘AGE. Actual signal volmge devr, _ed by a tran':ducer or’
the diffe: ence volmge between input signal lines.

) NYLON ‘A generic trade—name by the E 1. cdu Pont de Nemours for syntheﬂc

"~ fibre- formtng polyamides; a polymer of nitrogen carhon and oxygen, Its chemi-

cal unbalance and tendency to absorb maoisture 'xmit Its use as a dielectric or

: insuiatmg materlal, H0wevn>r, it i3 often usec. in the wire and cabls field as 4

- Jacket over: polyothyiene or PVC to tmreasa :empemture stabxlity and abrasxm
reststance. ; f_:, :

can’be either an extruded layer oA bmld e{ nylon ﬁlaments.

OEM Ortgiml Fqulpment | 2 ufacturer. ‘.

- OIL FILLED CABLE' ‘ aper insulnted Ieak shea(hed cable, into whtch o‘l Is-
- forced under press- :e, saturaung msulatlon. Main object {s to prevent moisture

'-.'mmeral ml) xept under constant pressure at all times. _

OIL FILLED PIPE CABLE- Basicany the same asg ot! mled cabla, but inside of

" rigid p;pe, lnstend of fead sheath. Is gometimes a. standard ou fifled cable,
rserted into rigid- pipe, under pressure; - Both unlts being oll filled; (Usuauy
; for_much hi gher volh\ge. l{ept under constant pressnre zt all umes)

ned durlng the pmgress of the event, gy a con uter receives data fro;

'NYLON' JACKETED Refers to lhe La er covering of nylon or wlre on cable whlch 2

“and gases froin- mteﬂng. Also easler to detect flaws, Due to 1eakage (high grade \

";ON LINE OPLRATIQN' A type of system «pp!icauon tn which the lnput data to the il
5 systnm 18 Ied dltectly rrom the - measurtng devxcea and the computer results ob~ - o

etont I e bl e T




b PLASTIC DEFORMATION Thc change in the dlmensions of an object under load

~ ‘tuniel méasuréments during a run, and the'compdtauons of dependent variables
- are performed during the run enabling a change in the conditions go as to produce
: »deslrable results. :

OSCILLOSCOPE " Test instrument for showing vlsuaily the changes in a varying -
; current by means of the wavy line made on a tluorescent screen by a denecuon of
a beam of cathode rays.

OZONE: A fainﬂy biue, gaseOus, allatropic torm of oxygen, obtalned by u~e siient
discharge of eiectrlclty in ordinary oxygen or in air. It has the odor of weak chlo-
rine. i

 PATCH CORD: Cord of varying lengths. Usually appearance brald covered with™ -
. plugs or terminals on each end. Used to connect jacks or blocks in switchboards @
or proyramming sysiems, it is called a patch cord, because it 1g used to "patch"

PERMAC_ORD: Creacent trade-name for rubber insulated, seine ti_vlne braid.,
Known as "Stage Labie”, Is non-skid and is light brown in colar.

_pH' The measure of asidity or allsallnlty of a substance. ) pH values run from 0 "
to 14, 7 Indicating neutraiity, numbers less than 7 lncreasing acldity, and numbers .

greater than 7 increasi 1g aikaimity. )

'.PIGTAIL WIRE: Fine stranded extra. ﬂexible. rope lay lead wire,

PITCH DIAMETER: The pitch didcuter is the dtameter of the heibc described by NIRE: d Vo bl e
‘the strands or insuiated conductors in any iayer. s Rt A A ’ Rt

"v‘"t:."" e

PLASTIC High polymeric substances, including both natural and syntheuc prod-

: :ucts, that are capable of flowiug under heat and pressure into desired shapes and-

" hardening in those shapes. here are two baslc ciasses' Thermosetung and -
Thermopiasuc. SR . = §

that ls not recovered when the load is removed

A S

:.PLACTICIZER. A chemical agent added to piasucs to make them sott and wore :
flexible. - et s : N

5POLYAMIDE A compound characterlzed by more than one amide group. 'Fhe :
term is generaliy used in the wire and cabie industry asa 5ynonym (or Nyion. e




POLYCHLOROPRENE: The chemical name Ior neoprene, and used for wlre and
cable jacketing where the wlire or cable will be subject to rough usage, oxts,
<-greases, moisture. solvents, and other chemlcals. The name itgelf lndrcates :
- that it 1s a noiymer of chlomprene, a combination o[ vtnyl acetylene and hydrogen -
N chloride. : - g G

: POL.YESTHER, A rosin formed by the reactipn between a dibaslc actd and a
i ddhydraxy alcohol, 8 :

i ST )
4 -k
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"OLYETHYLENE A {amlly o[ lnsulattng materlals derlved lrom the poiymenza— i
tion of ethyiene gas, They are basically pure hydrocarbon resins, o[teﬂ with
- small amounts of other additives to impart needed properties. Ali members of
 the polyethylene family are excelient dielectrics, Electricaily they are far su- {
. perior to any other extrudable solid dlelectric In use today. Outstanding electrical - :
'~ properties Include high Ingulation resistance, high dielectric strength, low di- ;
“electric constant, low dielectric loss at all 'trequenr'tea, excellent resistance to
. cold flow, and ghod abraslon reglstance, One or more members of the polyethyl-» i
i ene Iamily atso have the [oliowmg properties: reslstance to sunlight, weathering,
chemicais, {lame, Polyethyleres are being wldely used for insuifation on telephone; -
- signal and cuntrol cubles, high-frequency electronic cables, high-and tow;v'o}tage
& power cables, {ine wire, neutral supported secondary and service drcp cables,
. They are sultable for dlrect earth buriai Temperature. ratings vary with type”
- and apphcatlon, from.75°C up. ' G

. POLYMER: The resumng compound formed by po!ymerlzation which set3 up a
o 'unlon of monomers or the'contlnued reactlon betWeen lower molecular weights,

POLYMERJZE‘ To ch:mge, by union of two or more motecules of the same kmd
“©into another compound having the same.elements in the same proporttons, but a
.‘,‘hlgher molecular weight and different physical propertles. e

s ‘:POLYSTYRENE A thermoplastic produced by the polymerlzatlon ot‘ styun\e'l '
35 .«'vlnyl benzene. e .

e bR g

:POL&'URE“‘}{ANE' A copoiymer of urethane simuar tn properties to neoprene.
USualty used as a cold- curlng moldtng compOund g

: POPULA'I‘ION In stattstlcs the entlre group belng studled from whlch samptes =
.are drawn, This can be a productlon lot, readlngs on an instrument tests on.
;equrpment, results ofa test, ect.. : L R




PRIMARY INSULATION: A non-conductive materlal placed directly over a current
carrying conductor,’ whose prime t’unciion is to act as an electricai barrter for '
: the applied potential It does not alwaya have the purpose of abrasion xr.-si tance. s
- See SECONDARY lNSULATlON. o : : =

PROTOTYPE Original design or first oporaiing model

PURCHASE OPDER' The form used by a buyer from one organlzation to order
material from another organization. Uaua.lly numbered, Can be confirming or .
_non-confirming. s s

: RADAR Radio aireraft detector azimuih ‘and range. Genera.l operai'on of &
radar is to transmit a microwave signal at any azimuth 360° or any elevation 0° _
to 90° bounce it off a metai object such as nircraft, or marine equipment; it then
calculates the range from the pulse returned to the recejver and indicates this 8
range graphically ona scope. :

' RADIATED l’NTERFERENCL‘ Caused by radiation of magnetic field {from a irans~'
mitter and induced or "picked-up” by a receiver iocated at a considerable distance
from the transmitter, ; .

- RANGE (R): Difference between highest and iowest observation. :
' REAL-TIMI:. The perform mnce of a compul»tion during the actuai time that the

related physical process transpires in order that results of the computations are .
useful in guiding the physical process. T

, : REDS’I‘ONF AHSENAL. 'l‘he U.S Army 8 missile teet and deVelopment center ;
"+ located. in Alaoama. Severai ‘Los Angeles {irms do wark there and purchase ma- : :
temal for this work rrom swc arscl Bucky Harris Company. ol

! RELATIVE HUMIDITY The ratxo of ilm quantity ot water vapor present in the el
o atmosphere to the quantity which would saturaie it at the existing tempemture.

: 'R.ESILIEN'I" The property of a substanw to return to its original conliguration ,.
- after release of an applied force. ;' :

2 RESIN' An org&nic substance of natural or synthetic origin characterized by belng i
3 polymeric in structure and predominantly nmorphous. Most resins, ihough not '~

“all, are of high molecular weight and consist of long chaiti or network molecular
_ 'structure. Usually resins are more solubie in their lower molecular weigi\l l‘orms. _ "




R Ty

" RETHMA: See EIA.- o

. ‘RF CONNEC'I‘OH Com ector used for connecting or terminating coaxial cab!e.

' SAMPLIZ : A limited number oi items selected at random irom a pOpulation,

j ; by paper tapes to reduce current resistance ln AC cir«.uits.

. “f“f‘snm CONDUCTENG JACKET: A jacket having a sulficiently iow resistance so
_ -7 that its outer surface can be kept at substantialiy ground potential by a grounded S N
,-_;v;'conductor in eontact with it at freq.:ent intervals. N

RESIS’I‘IV]TY The ability of a material to resist passage of electricai current

either through its cross-section orf on the surface. The unit of volume reeistivity'_'.f s

is the OHM~ CM of surface resistivity, the OHM.

‘RF: Abbrevizitibn for the term "radio frequency" Usually considered the fre- .

quency Spectrum abbve 10,000 cycles. {16 Xc)

RG - Radio Frequency (Government) Prefix Ior coaxial cables.
RG i?/U A coaxlal cable having specific characteristics and construction, 'I‘he
prefix RG means ""radio frequency government”, The number 17 is the nuferical
assignment and U means for universzal use.

" RMS: Abbreviation for "root-mean-square”. When the term is applled to voltages’

aud currents it means the effective value, that §s - {t produces the same heating
effect as a direct current or voitage of the same magnitude,

.Example‘:ﬁlrms max \!'2

!

SECONDARV INSUL ATIONf A non- conductive maierial whose prime functions are
to protect the conductor against abrasion, and provide a second electricai barrier

3 placed over the primary insulation or the shield

e SEGMENTAI.'.'CONDUCTOR ' In ungle conductor cabies 1,000,000 C.M. or more,

the conductors are divided into three or four segmentq insulated from each other

. SELF- SUPPORTmG AERIAL CABLE A cable consisting oi‘ one or more insulated
conductors assembled or cabled with a steel core or attached to a separate steel
'-_'~_' cabie, which supperts the weight of the cabie. It may be fiom pole-to-pole or in ;
‘a verticai position ina tower. -

e,

i
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© . BIGNAL GENERATOR A device used to furnish current at a known radio i're-
: gnnerator without appreciable radiation at any other points. D s s ol ‘

7 l"sxc;i\AL TO NOISE RATIO: Ratio of the power of the signal to that of the noise, " . .
. - This term is usually expressed in terms of peak vaiueir 2e ¢ 4se of impulge . : i

B ‘_ eiectricai prOperties exceeding those oi' mobt organic polymers. ;

2 SIN_TERED: Usuauy re_i'era to curing__of' teflon,

> Aru*"can Standard 30 11,04 45

L SHEATH The outer covering ‘or jacket over the Insulated conductors or. provide
mechan‘cal protection for the conductors.

nIELD:“ A metaliic sh'eatti p]aced around an insuiaited conductor or'.group of con-
ductors to'protnct against extraneous currents and fieids. Generaiiy this shield

isa metalllc braid, but it couid be spiraled copper, aluminum-backed Mylar tage,

or conductive vinyi or rubber.

&

SHIELDED com)ucmn' An insulated conductor which has been shieided by a -
- copper brald or tape, or aluminum foif, or copper foil, or a semi conductive _

vmyi The purpose is to conflne the electrical tield.

SHIELDED PAIR: A shlelded pair is 4 twisted pair over which a metai covering
has been applled. The metal covering is usually in the form of a bare or tinned S

copper braid but may be metal ribbon or metal backed Myiar tape.

i

SHI'NT WIRE: A conductoc Joining two parts oi an electric circuit to divert oart

“of the current. . - .

D
)

SIGNAL CONDi’I'IONING An intermediate means. which includes al} system eie- :
ments that are uged to perform necessary and distinct operations la the measure-
ment sequence between the priwary detector and end device, The Intes ~mediate

means, where necessary, adapts the operational resuits of the. primary detector

10 the input requirements ot the end device.

quency, modulated and to dellver a measured voitage only at the termmals of the

noise and in terma of root-mean square va.lues in the Case of random noise,

i SILICQNE: Polymeric- materials in which the recurring chemical group conta ing’
. siijcon and oxygen atoms as links in the main chain, A thermosett'ng piastic

material used for wire and cable covering, that is thermally stable and with

it
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S'.EEVWG ‘Tubed msulatlnn uSed over wlre or cable for lnsuhuon purposos such
as vinyl glass 1mpregnamd sulcone and (eﬂon.

SOLDERABLE N“‘inN Lﬁ‘Z Luz wlra ma 1e up of Soldereze strams with a n}lou
serve ‘overall, '

SOLDEREZE:- A trade-name for a magnet wire {nsulated with polyurethaae base
emmerl. ' : ‘ S ; : G

" e SOLXD CONBUCTOR. A condv..ctor composed of one’ wlrc. Genemlly shms 18
: ' thmugh 8, used \where Ilex!buny ls not one of the requlrc'nents.

SONAR 'npe o! equlpment used for dclectlng underwater smmd waves, -

SPECIFIC GRA\’ITY' The denslty (mass per unlt volume) of any materfal dh'idea
by lhzt of water at a smndard tenpemtum. ‘ =

QPE:CII-‘IC L\’DUCTnNCE CAPACI‘I‘Y (st ): Dlelectr’lc constant of insulauné'n_ia-
terfal, 3 T o pedi

¥

STABILIZFR. .\n Ingredlent added to same plastl"s, to malntnm physlcal :md
chemlcal pmﬂncs through process!ug and garvico we. :

Meaaure of (ho dlaperslon cf values. 1

. S‘I‘ANDARD nmmnou t S) .

§- \/;[:315” m

‘ x - sampled \“.ilue, = numbar of san*ples. 2 wmean

STRAND A Mr‘md ls one u! the wlres. or gmups 0( wlres, of smy atmmied conc '
; ducton , :

'_ S’I‘RA&D&D CO\DUCTOR A canducwr mads wlth ] 5pucmed number of slrands. ‘ﬁ
Rope strand, for example, 182 conducto Lade of muitiple groups of strand Ao
7% 19 rope stmud ma 19 wires lald into X group and then‘! ot such gmups lald

lnto a conducxur. :

SURFACE LEAhAGEL The p:ws,age of current over the boundary surfaces‘of an
» lnsulamr as dlstlngulshed fmm passage thmugh “3 volur..e. S :

URITE suncs:,\_ tmn’z_ﬂ
T .,,cl_r'cu‘xt..-' B
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UL connectmn. :

' TES'I‘ LEAD: Test lead is a ﬂexible, Insulated tead wire whicb usunuy h;m a le&t

':' THERMAL covnucnvxnn The abmty of a givon rr.aterlal to conduct hm.

: THERMAL FXPA!\SION (COEFFICIENT OP) The tractlonal chani'e in Xength

: - THERMOCOUPLh' 'I‘twrmoccuplea are ;x\irs of wlres of dissimﬂar metnls con- ;
e “nected at both ands, In which a voltage s genarated dua to a difference in tem-
perature ut the iuncuons. The voltage generated. {s o{ tbe orde‘ of mgnum '

SYSTEM ACCURACY: 4 measure of 2 system's ability to reproduce an Input signal
faithfully, 1If fnput signal 18 10 V and the output sigral 18 9,69 V. the error is

0.01 V and the percent error is 0,1% and the system accuracv is 99, 8%, It ls -
often common to specify accuracy in terms of percent erroi, In the above exams=
pie this would be 0, l% : i

TEDLAR Trade-name of the E.I “du Pont Commny lor a poly\ln\rl ﬂuorlde f ﬂm
with outstandlng weathe_rabﬂity and thermoformability properues Ittasa hxgh _
" fiex iife wier brpad ternpérature range, 'witt_i-high tensile and dleiect;ic strength,

 TEFLON: Tetrafluoroethylene, better known as. Tefion, the trade-name of E.I.
du Pont, is produced by the total substitution of fluorine for hydrogen in the
polyeth}lene molecuie. This material excels ali other commerciaiiy available
thermoplasucs ln chemical inertness and operating temperatuxe mnaa, and is
well suned for hlgh (requency appucations. o :

TEFLON COAXXAL CABLE~ Cca::ial cable constmcted wﬂh a l"",' .m:qectr!c.

TENS!LE STRENGTH- Tha puli ng stress roqui rnd o break 2 given spechnen.

TERMINAL A tcrmln:u is anv §in .1g us'ed-tor mz;klng a cqny_e_ment electr’lal .

pv-oq on oue end. It is orcunaruy used for making: tempomry electrical cannectlona. :
. The lnsulation {5 normaily rubher. the stardard colore are rea and black. Test -
lead wire is a smndard stsck 1‘ ™ at Standam WIre and Cable Company. i .'

(someﬁmes volume) of a matertal fora \.uut c!nnge In temperamre.
TPFRMAL RESISTANCL 'I' m resistzmce of a substance to co')ductivity of heat. o
THk.RMAL NROCK. “The resulting chnracterism. when & materm is Subjected to.

rapid and wide range chnnges in temperature In gh cflort to discover its- abuny to
’“mthst.md Imat and cold. s 3 et A L '
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: _,.‘.‘TRIAX A type oi smelded conductor that employﬁ a shleld and jacke! over the i
: .‘primary lnsulaupn p}us a secom shleld md jac!;et ovemll. Aslde from a pdcatlcms

THERMOCOUPLE LEAD WIRE: The thermtccupio lead wire 1s an Insulated pair

of wires used from the é'o_uble to a'junctlou box or to the recording tnstrument..

THERMOCOUPIﬁ-‘- ¥ RE: Wire drawn from speclal metals or alloys and catibrated '

to establishud specifications for use as thermocouple pair, For example: Iron, '

" constantan, alumel, ete,

THERMOPLASTIC: A classification of synthetic resins that can be readily softened

and resoftened by repeated heating, and reharden when heat is removed,

THERMOSE-’_I‘TING: A classification of syhthetlc resin which hardens by chemlcal

reacuou when heuted nnd. when hard-.gned cannot he resoftened by heatlng.

" - THIOKOL: Make lrom petroleum gas and uaed asa seaung compound for con- - -
~ nectors, breakouts, etc. It has ex»ellent electrical Insulation and oft and 80lvent
 resiéiant proper‘les. £ " .

TRANSDUCER: A device whi¢h converts the energy of ‘one transm'ls“slon_oystem."

into the encrry i <. ther transmission system, A loudspeaker and a bhonogx'japh
plek-up ag - -
into a.:w-a-i SRS 'f.;y. and the lutter' ch:mges mechanltal into electrical euorgy.'

" ~uples of transducers, the former changes electrical energy

X

TRANSF‘ORMER' An electrlcal devlce chh changes voltnge n d&rect proportlon

S to currents and lriverse proportion to the ratio of the numbet of turns of its primary .
" and seconchry windings, . - : : S

be\N‘)lS’IOR A tmuslstor ls a sm'm unlt composed of aeml~conductlng .naterhl
It requires no flament or heater voltage to operate and i8 very smau. It rephces it
convenuonal ndlo tubes. 2

TRANSITE: The trode-name of Johns Manville Asbestos-Ccnxenﬁ.' Itis magatn o

plpe aud mtlnp: form, (or use in bundmg industry for uge.as elc'ctrlca_l con\dult’.. .

,TRA\‘SM]SS!ON LWE One or more lnsuhted conductors ‘u‘-anged to transmlt s
eleclrlcal enexgy slx,mls from one locamy to anothex : =

TRA? WIRE A law voimge wlm used at h&nge polnts, whqre sev ero ﬁexlvg u;curs,'- ;
Ubu-llly in burglar alaun systuma. lt Is mado vdth 'lnsel conductor. '
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i v:m unm mgh Frecmen

ouL QPPROVFD‘ ’A product that ras been tested to Underw‘

. UMBILICAL CABLE-' A lifeline cable vaed for “he main power supply to the
= _ ‘nilssile in order to faunch #t. It is attacred by means n( a connecmr wh!ch Je~ .
taches as the missiie becomeq alrborne. s :

: UNSNTERED Mems uncured Th!a word: !s usually used to dﬁterentmte be~ T
: tween cured t.nd uncured teflon tz\pﬁ. e - L

VARIAN"‘P!‘ Squnre of the stahdard dev iatmnra I(Y - I{) /in» )
© %= sampled vilue, X= '

"requh-!ng nmxlmum attenuatmn ot radlated s!gnals or mm}mum p!ck-up of
external !nterterence, th!s cable can also he used to carry two semrate s!gmls.

TV PAMLRA CABLE: A por:able, { lexible cable conslsung o{ several com\xal :
cables, and other conductors cabled together, overall shield and usually neeprene
jacketed, It is used to carry signals between the camera and transmltter and

~ plate and heater currents to the camera., =

TWISTED PAIR (TP) Two }nsulated conductor's twlsted together and often color
coded,

UF: snigxe or mul'u-cdnd'uctbr,' with or without ﬁrour;d used for difect burial
underground feeders and branch circuits between buudmgs yard i.ghts, ﬁood
iights, and smallsr in«:tallauons. A

LG: "‘he two .etter ..es!gnauon t}mt precedes the number of connectors for coa,xia.l it
cable. It meins nuer'.al Government : e

UL Und‘,r.vr!ters Laboratcrios Inc. ' ch.u-tered as-a noq-pmﬂt organ!?at!on,
maintaing and operites laboratories for-the exam{nation and testing of devices, |

o systems and materials as to their’ renl&t!on to’ lﬂe, fh-e and casua.ty, hazards and
e crime prev eitlon,  Founded fn 1891 the enterprlse is sponsored by the Nauonal
» Board ot Fh—e {mderwrltem. lt is opemted on’ aer\dce, not. Ior pmﬂt #

iterg Laboratoij!éa'

tawdards and appmvsd by UL

UTXL!'I‘Y POWI:R SYSTEM That portion ul the. electr!cnl power dtstrlbutlon sys- I
tem on the prmnry stde of the test Iaclmy main sarv!cc- tnns{ormer(s) whether
‘the system i3 operated by commercw \.umy or hy an ngency of tho Ualtcd
Shlcs Governme .

mean (aﬂmemauc avn:




i maina usable after mixing wit.h catalyst

: WORK]NG VOLTAGE- The recommended maxknum voltage of operauon tor an

. Insulated Usually set as appro:dmately 1/3 of the breakdown vo’tage. i

) --V!SCOSITY- A measure o( reslstance to fluid ﬂow, uaually through a npecmc

ormce. : . s By e = . by ik

VOLT:" A unit of electromotive force. M T

: VOLTAGE BREAKDdW N Test to determlne maxhnum voltage of insulatecl wire

before electrical current lealcnge through lnsulation.

' VSWR' Voltac'e/standing/wave/ ratio. The ra'do ol the voltage maximum to voltaga

minimum which exists in a transmission iine. Caused when there is reflection of
mcident wave, duc to discontinuity or memper match to the transmiSSion iine.

S VULCANIZATION A chemlcal reaction in which the physical properties 01 an :
- elastomer are changed by r_eactlng it with aqu{ur or‘other crosselmking agents. 7

WdRKIhG LIFE' 'I‘he pcriod of time durmg whieh a liqulc! res‘n or adhesive res

anductor,

% selvent, or other compcunding mgredlents. .
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February 1959.- A blbliography of 839 references on EHV systems. *.
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from Eiectronics, Vo!. 34, pp. 61-62; February 1961, Diiferential
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DC amplifiers. One“ampl'lfier suppresses the tuterference as much as.
130 DB. '

"Controlling Magnetic Field Interference in WIrlng; " Electrical Mapu-_
facturing, pp. 12?-129; October, 1959,  The determinatlon of proper -

eircuit spacing to avold detrimental magnetic plekup in low-level circuits

is aralyzed anda nomograph to simpln'y calculatlons is presented

“PC Ampliflers, Their Deslgn a.nd Use,” by Robert 3, Melsheimer
Instrument Fﬂe, Moxon Ejectronies _Corp_qratlon. a

"Electrxcal Interference in Instrumentatlon - iw Causes and Rcmedies,"
(Part1), Instrumentatlon Society Amerlean Journal, Vol, 1, pp. 49-50;

November, 1854, by J. C. Coe Interference from electrostatic, magnetie

and radio-frequency sources is discussed, Other subjects cov ered are
interference detection, contact are suppresston, and shlelding oI slgnal

leads. i

_"'Electrical lnterfcrence in Instrumentation - lte Causes and Remedies. "
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"Electrical Noise,” J.J. Freeman, Electro-Technology, Voi. 68, pp.
125-144; November, 1960, '

“Electrical Noise," W. R. Beanett, McGraw—Hxll Book Co., Ine., New Yerk,
New York; 1858, Treats noise in devices in mean-square ter.as.

"Electrical Noise from Instrument Cables Subjected to Shock and Vibration, "
T. A. Peris; J. Appl, Phys., Vol. 23, pp. 674-680; June, 1952. A
discussion of means for reducing epurious signals ;;,-::ner'gted by the move-
ment of instrument cables connected in high fmpedance circuits.

" "Electrical Pickup Problems in the Application of Electronic Instruments

and Controis, " Préprint Instrumentation Society American 31-H80; 1960.-
Discussion of interference sources commonly encountered in measurement
and control systems, muochanisms coupling interference to the instruments,
and methods of combating the interference effects. '

“Electronic and Radio Engineering,” by Frederick E. Terman, McGraw- '
Hiil Book Company, Fourth Edition, 1955,

“Elimination of Electrical Interference in Figh Teruperature Ther mocoubie
Insiallations, " by J. R. Nilson, Instrumentation Society American Conference
Preprint 36-SF60, presented at the Instrument Society of America Sumnier
Instrument~Automation Conference and Exhibit, San Francisco, Calif.; May,
1460,

"Eliminating Pickup Moise in Test Equipment,” by G. Golick, (Part 1),
Electronic Design, April, 1962; (Part 11), April, 19£2. Description of -
pickup sources and recommendations for reduction of pickup effects.. =
Recommendations for wiring procedures and rules for minimizing noise in
a cnmpléx test panel. E

: "Eieétrcxmgnetic Compatibi.lity Survey of Findings on Cabling, Shiei'ding,

and Connectors. GAM-87A Program,” ASTIA AL 400621, March, 1063.
A summary of findiugs on power supplies, cabling, shieiding, grounding and
connectors. Ruies and\importa,nt test resuits are given.

"Electromagfnetic Coupling Between Coaxial,\ Single-Wire, Two-Wire, and

Shieided Twisted Pair Cabies, " by M. Kaplit. Proceedings of the Ninth
Tri-State Conference on Electromagnetic Compatibility, October, 1963.
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1963.

“Effect of Unbalanced Impedance n Differential Measurement Systems, "

: The Epsw Inc., berary of Technical Papers, No. 262-101.

-"Flexural Noxse in Cables, " Bell Lab ‘Record, Vol. 37, pp. 305- 308'

August 1959, by R. A. Rasmussen, Causes of cable noise are discussed.
A machine for comparing flexural noise among cables is described with
some test results,

""General Comments and Techniques in using-l-Mé Logic¢ Cards" by ‘
David H. Hartke, Senior 3ystem Engineer, Consolidated Systems
Corgoration, Technical Memorandum 244, August 1963,

:

“Ground Connections for Electrical Systems, "' Technologic Papers of
the Bureau of Standards Number 108, by O. 8, Peters, June 20, 1918,

"Groundmg Elecwic Circuits Effectively" by J, R. Ealon, Bulletln 25T2,
James G. Blddle Company. - .

. "Groundlng of lndustrial Power Systems" ALEE No. 953, Institute of

Electrical and Electronic Engineers, 1856,

"How to Solve Noise Problems of DC Transducers on Long Lines, " by
R. T. Nakasone, Instrumentaticn Society Americar Journal, Vol. 6, pp.
68-72; November 1859, Discusses electric ﬂeld noise, electromagnelic,
field noise, and e!ectro“mtically generated noise in transmission unes.
Methods for reducing the effects on electrOnSc Snstrumentatlon are
discussed. ; : i

5

"High Voltage DC Test Program of the Bonneville,. I-"ower Administration,

;" by R. S, Gens and R, F. Stevens, EIectriwl Ergineering, Aprll

“How to Evaluate DC Differential Amplifiers;" w. G. Royce, Electronig

‘Deslgn, p. 50; August, 1962, Discusses tests for evaluating the perform~

ance of DC differential amplifiers, including common- mode rejection . '
and noise tests. :

bt How to Obtam Good System Accuracxes When Measuring Mlcro—VolbLevel
Output Signals from Grounded- Strain Gages and Thermocouples (Advertu,e-

;.ment)," KIN TLL Dlvxsion, of Cohn E!ectronics, Inc.
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58.

"ludustrtal Power Systems Data Book, " Genex‘al Ele\:trlc Company.

"Infornmtlon, Transmission, Modulatmn and \onse, ML Schwartz,
Monw-Hlll Book CoJ. Ing,, New York, New Yo;k 1969,

"'Instrumenmtlon for Engineering Measurement,” by R. 4, .Ce rnl and

L. E. Foster, John Wlley & Sons, Inc., 1962,

"Interference Controti T_echniques.“ Sprague 'El_ectric Co., Interference
Control Field Service Department, Paper No, 62-1. An extensive
discussion of interference sources, particularly RFI, and methods for
reduclng luterference effects, Some techniques appllmble to lower~

frequency interference,

"Interference In Railway Llne-Side Telephone Cable Circuits from 25 KV 50
C/S Traction Systems, Vol. 15, pp. 273-299; Ociober, 1959, Cculcuiations
of induced EMF due to magnetic induction and analvses of electromagnetic
screening by sheath and external conductors are given. Ralil and sheath
currents are discussed.

- “Isolating the Causes of Common-Mode Noise," by R, B. Fradela, Senior

Deslgn Englincer, Space-General COrporatlon, Electronics Design, August 30,
1963 pp 34,

"Low-Levex L‘loctrical Signals in Industry,” P, H. Sterllng and H. Ho,
Industrial and Engmeerlng Chemxsts, Vol, b3, pp. 119A, 1204, 1224, 1234;
November, 1981, Stray voltages may prevent serious problems with micro~
volt measurements. ' Conslderation is given to effect of stray .,lgmls, how :
straws arise, minimizing qtray plckup. il

"Low-Level Thermocouple Amplifier and a Temperature Regulatlon System, "

T. M. Dauhphlnee and S, C. Wood, Science Instructors, Vol, 26, p. 693;
July, 1955. Describes a breaker-type DC amplifier for measurement of
thermocouple voltages as low as 107 -2 uv (10 V). A brief discussion of
lnterference effects is mcluded o i V

"Magnetlc Flelds Affect Straln Gages," J. Gunn and E, Bllltnghm’st Conirgl
Eungineering, “Vol.” 4, pp. 109-111; August 1957, Results of tests on the

E ~ elfect of ‘magnetic flelds on "Elinvar’ strain gages demonstrate the magneto

resl%txve effect.
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60.

61.

- 62,

63.

64,

65.

66.

67.

68,

"The measurement of Small Signais in the Presence of Common-Mode
Interference," L. V., Mayhead, Electrouic Engineering, Vol. 34, pp.

- 483-485; July, 1962, Discusses interference problems in data processing

equipment measuring - microvolt signals from strain gages, thermocouples,
etc., in relation to various forms on input amplifiers.

"Methods of Solving Noise Problems," w. R Bennett, 1RE, Vol. 44

Sl

pp. 609-638; May, 1956, Tutorial paper on mathematical concepts and

techniques used for calculating a system's response to noise.

"Nojse Cwntrrj\l in Low-Lével Deta Systems, ' A, 5. Buchman, Electro-_

 mechanical Design, pp. 64-81; September, 1962. Discusses both

common-mode and normai-mode (differential-mode) interference in
data systems an? wractical remedies.

"Noise free Cable," h.strumenhtion Voi, 25, p. 644; M'zy, 1952, A

" brief discussion of a noise-free cable developed by NBS and presented in

their Te-hnical Report No. 645,

"Px'nctica] Handbook for Location and Preventfon of Radio Interference
from Overhead Power Lines," J, C. Senn and D, B. Wright (U. 8. xvil
Engineering Research and Evaluation Lab, ,) PB131G17, OTS, U. S.
Dept. of Commerce, Washinglon, D.C., November, 1956, Describes

_in nontechnicai terms the common causes of intex ference from overhead
power hnes. Lists curative measures. ..

"'Pyrex Brand EC #70 Low Brightness Lens Panel for the Shielding o[

Radiatianadio Interference from Fluor eﬁcent Lamps. "
"Quiét \Virizxg," W, Mprtt)n, E]ec‘tro-Téclinology, Vol. 67, pp. 18-81;
March, 1961, Description of noise sources with particular relerence to
data systems. -Methods of reducing noise cffects are presented,

“Reafization of Cc:npatible Structure Grouxiding Systems, The, " by

H. W.‘ Ervin and D. R. Lightner and Robert Powers, Proceedings of the‘
Ninth Tri- State Conference on Electmmagnetie Compahbxhty, Oetober, )
1963.

L}

"RLS‘S»OX in Pre'lmp Ground Reduces Interference,'_' Electrica l Deslgn

- News, p. 73; September 1961. Method to place major part of common-

mode voitage In intermediate fevcl rather than low level circuits. Useful
for fow impedance common-mode sources, ' ‘
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72,

3. -
: Brush, Proceedings of the Ninth Tri~State Ccnference on Electromagnelxc
 Compatibit ___)’. - :

74,

5.

,."Reduclng Electmcal lnterfex ence, ' E S. ldd, Control Lngineering, Vol

9, pp. 107~ 11! February, 1962. -

".Rejeclin‘g Common-Modq Noise- in Process Data Systems, ™ James Jursik,

IBM Corporxation, .Contr(;Englne_gx_-, August, 1963, pp. 61.

“"Shleldlng and Grounding Techniques,” D. B, Clark, ASTIA AD 270882,
Discussion of basic coupling mechanisms for interference (primary RFI)
and of effective shiriding and filtering techniques lnclvdlng proner gr ounding

_ of equlpmenl. Extenslve refereuce 1ist. -

"Shieldihg in Modern Computer Deslgn," C. M. Jorgensen, Automatic Contral;
;. December, 1958. General discussion of electroatatic and electromagnetic
.~ shielding principles and application of these principles to computer design,

“Shielding Theory and Practice,” R. B. Schulz, B. C. Plantz, and D. R,

"Soutces and Properties of Electrical Noise, " Elecfzjlcal Engineering, Vol,

73, pp. 1001-1006; November, 1954, Natural noises such as "Jolison

noise," shot 1xbise, and contact noise are reviewed, Man made nofses such

- ag Interference signals, power hum, impuise noise, and quantulzmg noise.
are consuiered. ; : : : ’

%'Solvlng Pickup Pfdliléms in EIectrou’lc'Inatrgmé_ntatlon ,7" Instruntentation
- Soclety AmericanJournal, W, McAdam and D, Vandeventer, Voi. 7, pp.

.- 48-52; April, 1960. See abstract of reference lmmediately preceding. -

one.

7

extract a 51gnal flom nolse.

"'Sources of Instrument Erro’i_"; "R, Cex;hi; lﬁs‘(rumenmubn Society American

Journal, Vol. 9, pp. 28-32; June 1962, Briefly discusses various inter-
ference errors. ltemizes and defines interference sources, but-does not
discuss In detail methods of eliminating interference,

- "Speclfying T ~ansf0rmers for Low-Level Syslsms" bv Troy Burgess,
. Electronic Producls Mngazine, Fob“uary, 1963.. '

"SL.HSUC'{I Theory of Slgnal DeLection, "C. W, Helstrom, Perganon Fress,
London, England; 1960, Standald book on staustlcal techn ques needed o’
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82.

"“Phermocouple Measurements in an RF Field," Instrumentation Society

American Journal, L. E, Bollinger, Vol, 2, pp. 3. %-340; Sepiembel‘,
1955, Discussion of temperature measurement proble..s created by
the radio-frequency fteld of an induction furnace, and filter methods to
reduce this type of interference, :

"Total Shields Solve Systems Problems," Electrical Dnsign r\ews pp.
90, May,. 1963.

“Transformer Connections,” General Electric Company Publication No, -

GET-2F, 1956.

"Trouble Siwoting ln Advance by Proper Wiring Désign," G. Welqa,
Control Engineering, Vol. 1, pp. 48-54; Scptember, 1954, Presents .
dnalysis of interference problems and preventive methods of reduciug
pickup. Although slanted towards servo systems, the article is of.
general interest,
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