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SYNOI>SIS

Astronomy is the field science involving the study of the nature of the universe

The studies are carried out by investigating the radiation coming from the sky with tlw

help of telescopes. In radio astronomy it is don<.~for the radiation in the radio band 01' Ihl.:

Electromagnetic spectrum with the help of radio telescopes.

The radio telescope collects the radiation emitted by the celestial object and

amplifies it to detectable levels. The power levels of astronomical signals arc in general

extremely small and hence will be hidden completely in the man made noise.

A typical radio telescope consists of a feed, a low noise amplifier, heterodyl1t.~

system and a detector. The signal collected by the feed is amplified and downconverted

before detecting it. Normally feeds will be of different types depending upon tho

frequency of operation.

Every celestial body emits radiation at different frequencies and in order to

characterize it at all those frequencies, it is very much desirable to have an antenna wilh a

large operating bandwidth. In order to accomplish this, frequency independent antennU!1

will be used most widely.

The trapezoidal structure is one of the wide band antennas, which can possibly be

used in a radio telescope. The aim of this project is to build one of that type in the

frequency range O.5GHz to 1.5 GHz and chara(.~terize it for all its properties.
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1.10 Phase Center

2003-2004

The phase center is defined as a point inside the antenna from which the spherical

waves radiated by the antenna originates ..

1.11 Antenna Directivity

Directive gain, Dg, is defined as the ratio of the radiation intensity in a given

direction to the radiation intensity of a reference antenna in the same direction. The

reference is taken to be an isotropic source .

Dg =

u

Un

. • . • • • • . (1.7)

Directivity, Do, is the value of the directive gain in the direction of the maximum

value. Stated in simple terms, the directivity of a nonisotropic source is equal to the ratio

of the maximum radiation intensity over that of an isotropic source.

Maximum radiation intensity U max

Do =

Where,

Radiation intensity of isotropic source

=

Vo
........ (1.8)

u 0 = radiation intensity of an isotropic source

Directivity is also related to the beam solid angle nA as shown below

00= 4 n/ OA ••.•••.• (1.9)

Where,

nA = beam solid angle

1.12 FieldRe~ions

The space surrounding an antenna is subdivided into three regions (or zones).

They are respectively termed as reactive near-field region, radiating near-field (Fresnel)

region and far-field (Fraunhofer) region as shown in Figure 1.6. The general

Department of Telecommunication Engineering, 1'3.1.T 8
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characteristics of the field distributions in each region can be established, although the

boundaries of the regions are not defined precisely,

F,,,.lield ifrow·II ••.•r•• )

Ilt'\flo<)

Fig 1.6 : Field Regions Of An Antenna

Reactive near-field region:

This is the region immediately surrounding the antenna where the reactive field

dominates. For most antennas, the outer boundary of the region is commonly taken to

exist at a distance given by

R<0.62'-'DJ /A ......•. (1.10)

Where

A=:: the wavelength

D =:: the largest dimension of the antenna

Radiating- field (Fresnel) region:

It is defined as the field of an antenna between the reactive near field regiou ••n4

far- field region wherein the radiatloiaields predominate and wherein the angular field

distribution is dependent on the distance from the antenna. This field is found between

R 2:0.62'-' D J / J.. and R < 2 D2 / A where R is the distance-measured form the center

of the antenna.

Department of Telecommunication Engineering. B.l.T 9



Study of trapezoidal structure as a wide-band feed

10

.----------------.--------

Far-Field (Fraunhofer) region:

It is defined as "that region of the field of an antenna where the angular field

distribution is essentially independent of the distance from the antenna".

The far field distance exists in regions beyond

R ~ 2 D2 I ). (1.11)

This fonns the inner boundary of the Fraunhofer region and the outer boundary is

taken to be infmity.

1.13 Balun

It is an impedance matching transition from unbalanced impedance to a balanced

two-conductor line.

Department of Telecommunication Engineering, B.LT



Study of trapezoidal structure as a wide-band feed 2003-2004--------------------------------- ..•---------------.---- ..-,...--,,----

CHAPtER 2
CLASSIFICATION OF ANTENNAS

Department of Telecommunication Engineering, B.I.T 11
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Classification of Antennas

2003-2004

Antennas can be classified depending on their frequency of operation. For

frequency of operation in the range of 10KHz - 1GHz, current elements like patch

antennas, monopoles, dipoles, loops etc can be used. For a frequency range of IMHz

lOGHz, traveling wave antennas such as log periodic antennas, rhombic antemlas, helices

etc will be used. Arrays made out of dipoles, helices, log periodic dipoles are used for the

frequency range of 5MHz- 50GHz and aperture type of antennas are extensively used for

frequencies from 1GHz to few hundred GHz. Often there is a requirement in radio

astronomy for an antenna having wide band coverage, very low side lobes and good ,-~ross

polarization.

A brief description of different antennas belonging to various categories as

mentioned before is given below along with their impoltant electrical characteristics.

2.1 Current elements

Element antennas are much lesser than a wavelength in extent. They are also

simple in structure and their properties are not sensitive to the construction details.

Current elements are used at frequencies below the microwave regions. The examples are

monopoles, dipoles, loops, slots, stubs, patch, wire, biconical antennas, etc

2.1.1 Dipole Antennas

4~'~

Fig 2.1: Electric Dipole

Department of Telecommunication Engineering, B.LT 12
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Two straight rods split near the middle, and fed from a balanced line make up a

dipole. They are half wavelength long and operate at low frequencies. Their typical

bandwidth is about 10%. They do not exhibit symmetlicul in their E and H plane radiation

patterns.

2.2 Traveline Wave Antennas

A trave\1ing antenna is defined as an antenna f()[' which the fields and currents that

produce the antenna pattern may be represented by one or more travelling waves usually

in the same direction. They can be in various forms and generally have a length of Illany

wavelengths. The travelling wave feature improves pattern and produces wider bandwidth.

Some examples of traveling antemlaS are long wire, rhombic, long slots in waveguide and

helical antennas.

2.2.1 Helical Antennas

\9

c

Fig 2.2: Helical Antenna

A single wire wound in a helix is the simplest form of a helical antenna. It can

operate in many modes, the most common being the normal (broadside) and axial (enclflre)

modes. The axial mode, however, is more practical beoause ~tcan achieve circular

polarization over a wider bandwidth (2: 1) and is more efficient. As the length of the antentlR

increases, its frequency bandwidth shrinks, but the gain increases.

Department of Telecommunication Engineering, B.I.T 13
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2.3 Aperture Antennas

2003-2004---------------.- ....---- ...----..•.

Aperture antennas have a physical opening through which propagating

electromagnetic waves flow. The pattern has a narrow main beam, which leads to high gain.

For a fIXed aperture size, the main beam pattern narrows down as frequency increases. These

types of antennas are very useful for aircrafts and spacecrafts application, because they can

be easily flush-mounted on the skin of the aircraft and spacecraft. The examples of these

antennas are parabolic reflector, horn antennas, lens antennas and circular apertures

2.3.1 Horn Antennas

P.••..JlAN lOA L

Fig 2.3: Various 80m Antennas

This antenna is used for the transmission and reception of microwave signals. The

bandwidth of a horn is generally found to be 2: I. A drawback of this antenna is that VClry

high gain requires an excessive horn length.

2.4 Array Antennas
Array antennas are made up of a matrix of discrete sources, which radiate out

individually. The pattern of the array is detennined by the relative amplitude and ppasc

of the excitation fields of each source and the geometric spacing of the sources. the

total radiation pattern is the multiplication of the pattern due to an individual sout'CCor

element. To acliieve high directivity, it depends on individual sources and the eletn¢t1i factor.

Typical elements in an array are dipoles, monopoles, slots in waveguides and microsbip

radiators. Some examples of arrays of elements are endfue, log periodic arrays, etc

Department of Telecommunication Engineering, BJ.T 14
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2.5 Frequency Independent Antennas

Frequency independent antennas are capable operating over a large bandwidth.

Frequency Independent antennas exhibit constant input impedance over a wide range of

frequencies.

2.5.1 Properties of Frequencv IndeDendent antennas

An antenna is said to be frequency independent provided its shape is specified

entirely by angles. In other words, the dimensions of this class of antennas when

expressed in 'Yavelengths will be same at every frequency 0

A self-complementary structure is a planar stlUcture in which the metal llrea is

congruent to the open area. It has been shown that the product of impedances of the two

complementary structures equals the square of 601t. Therefore a self-complementary

structure has an impedance of 601t ohm, independent of frequency. This principle has

been used in the log periodic structure to maintaitl constant impedance with frequenoy.

2.5.2 Geometry of frequenCY ind£pepdent antennas

Consider an antenna whose geometry is described by the spherical co-ordinates (1'.

e, <p), with two terminals infinitely close to the origin and symmetrically disposed along

the e = 0, 1'[- axes. The surface or an edge on the surface is described by a curve

r = F (9, 'P) (2.1)

where r represents the distance along the surface or edge ..If the antenna is to be scaled to

a frequency k times lower than the original frequenoy, the antenna's physical surface

must be made k times greater to maintain the same electrical dimensions. Thus the flew

surface is described by

r' = k F (9, 'P) •.•.•.•• (2.2)

the two surfaces are identical and congruent. Congruence can be established by a rotation

in <po For the second surface to achieve congruenoe with the first, it is rotated by an angle

C, so that

K. F (9, 'P) = F (9, (j) + C)

Department of Telecommunication Engineering, BoLT
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The angle of rotation C depends on K but neither depends on e nor <p. Physical

congruence implies that both antennas behave identically at both frequencies. Since the

pattern will rotate by C in <p with frequency, its shape will be unaltered. Thus the

impedance and pattern will be frequency independent.

Differentiating equation 2.2 with respect to C, we get

d dk 0
-IK F (9, q» I = - F (9, q» = - IF (9, q>+C)I
dC dC iJC

=

o (q>+C)
IF (0, q>+C) I ......•. (2.4 )

Differentiating with respect to <p, we get

d of(e,q>) 0
-IKF(e,q»I= K--- =-
dq> ~ ~

o

IF (e, q>+C)I

=

o (q>+C)

Upon equating 2.4 and 2.5,

IF (e, q>+C)I •• t •• , •• (2.S)

dK 0 F(e, q»

F(9, q»"= K -_ •.•..•. (2.6)
dC 0"

Substituting equation 2.1 in 2.6, we have

1 dK 1 or

K dC
=

r (]q>

•....... (2.7)

Department of Telecommunication Engineering, B.LT 16
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Since the left hand side of this equation is independent of e and <p, a general fonn for the

surface r = F (e, cp) of the antenna is given by

r = F (0, ~) = ea cP f(O)

dK

where, a =K dC

........ (2.8)

And fee) is a completely arbitrary function. General solution of the surface as a ll.mction

ofe and <p is given by equation 2.8.

2.5.3 Classification of Frequency in<te.pendent antennas

There are three different classes of frequency Independent antennas, namely

I. Equiangular spiral antennas

2. Conical spiral antennas

3. Log periodic antennas

Equiangular spiral antenna is one of the geometrical configurations whose surfaoe can

be specified entirely by angles. The radiation for this spiral is right hand circularly

polarized for one lobe and left hand circularly polarized for the other lobe.

Conical spiral antennas are essentially planar spiral antennas. Conical antennas arc

mainly used for satellite communication, broadband surveillance, and command guidance

and control. The families of conical antennas operate at frequencies ranging from 400

12,000 MHz.

A log- periodic antenna is one, whose electrical properties such as input impedance,

pattern, directivity, beamwidth and side-lobe levels, vary as a function of the

logarithm of frequency. It has constant input impedance, which is independent offtcq4ency.

If the input impedance is plotted as a function of logarithm of frequency, it will be periodic

with each cycle being exactly identical to the preceding one. Hence such antennas are called

Department of Telecommunication Engineering, B.I.T 17
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log periodic antennas. The variation of input impedance as a function of frequency is shown

in the figure 2.4.

Log (ft)

Logarithm of frequency

Log (t2)

~

--....- •.

Fig 2.4: Variation of input impedance with Logarithm of frequency

Log Periodic antennas exhibit constant input impedance over a wide range of

frequencies. A drawback, however, is that they do not have good E and H plane radiation

patterns. This disadvantage is overcome in the trapezoidal structure.

2.6 Log ueriodic Toothed Trauezoiul t\ntenna
The Trapezoidal structure belongs to the class of Log- periodic antennas disc\1ssod

above. It is a frequency independent antenna, which is found t~ self-complementary.

Fig 2.5: Log- Periodic Toothed Trapezoidal Antenna

Department of TeJecommunication Engineering, B.I.T 18
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•

This antenna radiates essentially a unidirectional linearly polarized beam in which the

electric field is parallel to the teeth. Its electrical properties repeat periodically with the

logarithm of frequency. Since variation within one period is generally small they will

similarly be small over many periods, leading to a very wide band antenna. The two halves of

the structure are fed by means of a balanced transmission line connected to the apices.

2.6.1 Advantaees of the Trapezoi..d31Structure over th~

conventional planar Loe Periodic agtenna

We know that the E and 1-1 plane radiation patterns are not symmetrical fOl' II I()~

periodic antenna. This disadvantage has been overcome in the trapezoidal structure. The

Trapezoidal structure is capable of a very high bandwidth of operation. It is fOWld to be as

high as 10: 1. The E and H Planes show symmetry in their radiation patterns and the

beamwidth of the antenna can be directly controlled by varying the angle between the planar

structures. The input impedance remains constant at all frequencies due to its self·

complementary structure.

Department of Telecommunication Engineering, B.l.T 19
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CHAPTER 3
•••••••••

.DESIGN OF TRAPEZOIDAL STRUCTURE

Department of Telecommunication Engineering, B.1,1' 20
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3.1 Desien characteristics of the Trppezoidal Antenna

2003-2004

The log- periodic trapezoidal structure is designed such that its electrical

properties repeat as a flUlctionof logarithm frequency,

Generally, the H plane radiation pattern is much wider than the E plane radiation

pattern in a log periodic antenna. This.drawback is overcome in the trapezoidal structure

by separating the two halves of the log periodic antenna by some angle \jI. By doing so

the H plane radiation pattern can be made equal to the E plane radiation pattern, thus

making the patterns symmetrical. A typical trapezoidal structure is shown in figure 3.1 .

3.1.1 Desi2D parameters of tbe Trapezoidal structure

The various design parameters of the trapezoidal structure are

(i) Lengths of biggest and smallest finger·

(ii) The dimensionless ratio, T

(iii) Angles a and \jI

r~

("R;;"
..••..•.....

~
(Ii RfClli'lN
e,l' B'EAM

Fig 3.1 : A typical Trapezoidal structure

Department of Telecommunication Engineering, BIT 21
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The lengths of the biggest and the smallest fingers are detennined by the lower

and higher cut-off frequencies. T represents the span in the logarithmic frequency

spectnun over which the characteristics of the structure repeat. Angle a, is the included

half angle of the structure. This angle is said to have an effect on the phase center of the

antenna. Angle \jI, is the angle between the two planar structures of the antenna. It

controls both phase center and beamwidth in the H plane.

Let us now look into some of the basic equations governing the design of the

trapezoidal structure.

If fl and f2 are two frequencies at which the response of the antenna remains the

same, then those two frequencies are related to each other by the equation given below

f2= f1 / '(

Similarly if f3 and fl are two frequencies, where the response remains the s.ante,

and where f3 > f2, the relation between fl and f3 is given by

f3 = fl / '(2

In genera~ this can be written as,

fn= fl / '(o-l

Where,

n = 1,2,3,4 n

f( = lowest frequency

fn= highest frequency

The properties of a log periodic toothed planar antenna depend upon 't. It bas been

found experimentally that the half power beamwidth increases with the increasing value

of T as shown in the figure 3.2.

Department of Telecommunication Engineering, BIT 22
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80

60

40

20

o

o 0.2 0.4

'1'

0.6 0.8

Fig 3.2 : Complementary Antenna Beamwidth

For a given included angle, a, of the structure, there is a minimum value arUte

design ratio t which can be used. For values of t smaller than this minimum, the pattern

breaks up considerably and for larger values the beamwidth will decrease. The variation

of a with respect to t and 3 dB beamwidth is given by figure 3.3.

The approximate minimum value of t, which oan be used, is plotted in this figure

as a function of the parameter a. The E and H plane beamwidths for this minimum value

of t are shown as solid lines .The dashed curves for E and H plane beamwidths

corresponds to the dashed curve for t, which is somewhat larger than the minimijUlvalue.

It is noticed that the E and H plane beamwidths decrease as a is decreased and t is

increased. There is also, a relation between the values of a and t. As a increases, the

corresponding value of t decreases and vice versa.

Department of Telecommunication Engineering, BIT 23
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200IIII

;--r-175

I III'"
Q,lQ,l

I1I -/1,
lo..

eL 150Q,lQ.8;: 125

1.0
•••"0 .~ !! 100

0.8Q,l
= jlo..

Q,l~ 75 ----- -----
0.6

0 c..~
If/"--r1II~ II

-;
50 0.4

:t:
E-plane beamwidth25

I III
IIIII

0.2

0

0

0

1020304050601080

aFig 3.3: Pattern Characteristics of Wire Trapezoidal Element

The above figure demonstrates the variation of the E and H plane beamwidths of a

single half structures with wire trapezoidal teeth as a ftmction of the design parameter a.

The E plane is defined as the plane, which includes the half structure, and the H plane is

the nonna! plane, which includes the centerline of the half structure.

The phase center of a log periodic half structure does not lie at the vertex~ rather it

lies some distance 'd' behind the vertex. Figure 3.4 shows the distance of the phase

center from the vertices as a function of a for a wire trapezoidal tooth structures. For

values of a less than 60· and for values of L given in the previous figure, the position of

the phase center is essentially independent of L.

Department of Telecommunication Engineering, BIT 24
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2.0

1.5

1.0

0.5

o

o 10 20 30

fl
40 50 60

Fig 3.4 : Distance from vertex to phase center as a function of u

The angle 'P is defmed as the angle between the two planes of the antenrta. The

figure 3.5 gives the variation in --lOdE beamwidth as a function of'P. For a value of'P ""

60· the E and H plane beamwidths are nearly equal to about 100· and such a tooth

structure would therefore provide a circularly symmetrical illumination for a suitable

paraboloidal reflector.

180

~

160Q -=
-"0 120.~ e.= ~CQ

80
CQ

"0=-I 40IE

_r
IIIIL

0

306090

'P, Deg

Fig 3.5: E and H plane .10dB Beamwidths
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Figure 3.6 gives the distance in wavelengths in both E and H plane phase

centers from the apex of the structure.

0.8

0.60.40.2

....:

- 0~

-0.2
-0.4

0

30

H plane

60

'1', Deg

E plane

90

Fig 3.6 : Location of pbase center vs 'P

Experimental data in the literature is found extensive. We have designed the

trapezoidal structure by assigning fixed values for a, ~ and t as suggested by the Utenlture

and varying only the parameter \{I. We have chosen the value of \{I for mainUlining equal

10dB beamwidths in the E and H planes.

---------------------------------------------------.--.--
Department of Telecommunication Engineering, BIT 26
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3.2 Balun Design

A B c D E

A-A B-B c-C D-D E-E

Fig 3.7 : The Split Tapered Coax Balun

The balun is basically an impedance matching transition from coaxial line to a

balanced two conductor open line. The transition is accomplished by opening the outer

wall of the coax so that the cross section view shows the sector of the outer conductor

removed.

It starts with a coax cable of unbalanced impedance at the lower end. The outer

conductor is slowly peeled away until it becomes a two-wire transmission line with

balanced impedance at the upper end.

The advantage of this balun over other baluns is that it has a bandwidth

approaching 100 : I.
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3.3 Desien

The experimentally optimized values for the trapezoidal structure are given below:

(i) a = 45·

(ii)

\jI = 60·

(iii)

1" = 0.707

The value of \jI is chosen to be 60· in order to make the E and H plane pattems

symmetrical. The antenna is designed to operate in the frequency range of 500MHz to

5GHz. The lengths of the biggest and smallest fmgers are then determined by equations

2.1 and 2.2 respectively.

I max = Amax / 2 •••••••• (2.1)

=' c / (2. f min )

= 3 * 108 / 500 * 106

= 0.3 m

lmin = A min / 2

::= C / (2. f max)

= 3 * 108 / 5000 * 106

= 0.03 m

• ••••••• (1.2)

The various dimensions Rl , R2 , ... , Rn and r1, r2 ,,,., rn as shown in fig 3.1 are

calculated using the.relations given by equations 2.3 and 2.4. The table 2(a) gives dIe

values obtained .

.
R(n+l) / R(n) = 1" = 0.707

~1" = f(n) / R(n) = 0.8408

Department of Telecommunication Engineering, BIT
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! The table below gives the calculated distances of the teeth from the apex.

R (meters)r(meters)

R8

0.392r80.329

R7

0.277r70.234

R6

0.196r60.165

R5

0.138r50.116

R4

0.098r40.082

R3

0.069r30.058

R2

0.049r20.048

Rl

0.035rl0.029

Table 3(a): Trapezoidal Structure dimensions
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3.4 Experimental setup for the measprement of Return l.&a.!!f
the antenna

Experimental setup for the measurement of Return loss of the antenna is as shown in

figure 6.3. It consists of a scalar network analyzer (HP 8757D), a synthesized sweeper

(HP 83752A) and a directional bridge.

Initially the setup was made without connecting the antenna. The frequency range is

set between 0.5GHz to 5 GHz

Synthesized Scalar Network
Sweeper

Analyzer
HP837S2 A

HP 8757D

T
iF

r

Directional
TrapezoidalBridge ..AntennaHP850Z

•..

Fig 3.8 Experimental setup for tneasuring Return loss

. The power level was set to OdBm. Then the Antenna is connected in to the directional

bridge. The return loss of the antenna was measured and was found to be -I OdB as shown

by the graph on page 31.
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CHAPTER 4
j

DEVELOPMENT OF THE TEST SYSTEM
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4.1 Development of Test Range for r~~iation pattern

measurements

2003-2004

Generally the performance of an antenna is evaluated in the far-field region, since

the pattern is·independent of the distance. In a typical far field set up the transmitting

antenna and the receiving antenna are separated by a CCI1aindistance. The three main

important parameters considered in the measurement of outdoor test ranges are

1. Range Length

2. Receiver tower height

3. Transffiit tower height.

111ebasic test range setup is as shown below

Receiver

Source

.....•.

•..•..
.•..•.

.................11\ .....
__ D

............'t'.....-....

bt

•..•..

.•..•.

•..•.

..•..•.
.....•.

.....•..
....•..

.•..•..
.•..•.

..•..... '.

R

Fig. 4.1: Outdoor test range setup

hr

Range Length

The range length is the distance between the transmit and receiving antenna .. It is

normally greater than the far field distance of the transmitting antenna. IfD is the

maximum dimension of the transmitter, the range can be given by

R ~ 2D2fA •.•••.•. (4.1)
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Receiver Tower height

The height of the test antenna and hence that of the receiver tower, is the sec:ond

parameter which should be determined. It is assumed tbat the source and the receiver are

placed at the same height above the ground. Their distance above the groWld (hr) is

normally kept at 4 times the diameter (0) of the antenna to be tested. This will ensure Ole

Wlifonn illumination of the source antenna on the test antenna .

hr ~ 4D • . •• •... (4.2)

Transmit Tower height

The height of the transmit antenna is placed at the same height as that of the test

antenna.

4.2 The Test System

. [liAN. SMITTlNG~ DIPOLE

RECEIVING
ANTENNA

Pm
MOToR

MD92-FCOI

lRANSLATOR
ST-I03

PARALLEL PORT

ROTATING
PLATFORM

GPlB

FIG 4.2:Basic Setup of the Test System
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The test system is as shown in Fig .4.2. The signal to be transmitted is generated

by a frequency synthesizer connected to the transmitting antenna. The transmitting

antenna is connected to the signal generator through a coaxial cable. The antenna used is

an electric dipole antenna, tuned to the frequency 1GHz.

The Log- periodic trapezoidal antenna is placed at the far field distance of the

transmitting dipole and connected to the spectrum analyzer through a coaxial cable. 'The

spectrum analyzer is connected to the computer via the General Purpose Interface Bus.

The computer generates the square pulses required for the translator to run. These pulses

are fed into the translator through the relay device conneoted to it. The translator in tWll

rotates the antenna.

4.2.1 Wiring Dia~ram
RRl.AV

•

CCW I cw

GND

PARALLEL PORT

CCW

cw
7

8

9

10

11

12

GND

M1

M3

M4

MS

+24v

TRANSLATOR

Fig 4.3: Wiring Diagram showing the connection between Parallel Pot.,

Relay and Translator
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Fig 4.3 shows the specific wiring diagram between the Parallel Port, Relay and

the Translator. Two relays are used, one for clockwise rotation (CW) of the stepper motor

and the other for cowlter-clockwise rotation (CCW).

4.3 SLO-SYN Translator

The STI03 Translator is an enclosed Wlitcontaining the power supply and the

logic elements needed for bi-directional control of a control of a SLO-S YN stepping

motor. It can be operated in two basic modes namely, the Local mode and the Remote

mode. In the local mode the triggering pulses are generated internally in the enclosed

unit. In the remote mode the triggering pulses are fed into the translator through an.

external pulse generator. When operated from an external pulse source, the STI03 is

triggered by a change in voltage from logic level 0 (0 to 0.4 VDC) to logic level I (2

VDC to 7VDC) at the respective terminals. Terminal 2 is used for a counter-clockwise

rotation of the motor shaft and terminal 5 is used for clockwise rotation.

As was mentioned, the ST I03 is used to run a DC stepper motor.

4.3.1 SLO-SYN DC Steppine Mo~.m:

A SLO-SYN stepping motor is a perman'ent magnet motor that converts electronic

signals into mechanical motion. Each time the direction of current in the motor windlngs

is changed, the motor output shaft rotates a specific angular distance.

The motion of the SLO-SYN stepping motor is controlled by the STI03

Translator. The motor is attached to the antenna moWlt. The movement of the motot in

the required direction is selected on the translator. Upon the energizing of the motot, the

antenna can be rotated in the required direction and also by the required angle. The

translator can also control the speed of the motor.

4.4 The Parallel Port

The Parallel Port is the most commonly used port for interfacing projeots. This

port will allow the input of up to 9 bits or the output of 12 bits at anyone given titne, thus

requiring minimal external circuitry to implement many simpler tasks. The port is

__________________________________________________ J.. _
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composed of 4 control lines, 5 status lines and 8 data lines. It is commonly found on the

back of the PC as a D-Type 25 Pin female connector.

Fig 4(d): 25-way Female D-Type Connector

The output of the Parallel Port is nonnally TTL logic levels. The current you can

sink and source varies from port to port.

Thus the parallel port is made use of to send out square pulses required to control

the working of the ST103 Translator by the computer. Direction control is brought about

through a Relay device.

4.5 The Relay

A relay may be defined as electrically triggered contact maker or breaker. In our case,

the relay is used to control the direction of motor rotation. There are two relays connectCQ

between the computer parallel port and the Translator. Depending upon our choice, the

respective relay circuit is switched on and the computer generated square pulses are fed

into the STI 03 Translator.

Thus the motor is made to rotate by the required number of degrees, in steps. At

every step the received signal strength is measured and displayed on a Spectrum

Analyzer.
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4.6 The Spectrum Analvzer

The spectrum analyzer is an instrument., which displays the frequency spectlUlll

and characteristics of an input signal. It can be used to view signals across a wide range

of freq uencies.

The Spectrum analyzer is connected to the test antenna. It is used to map the

received signal strength. It is interfaced with the computer via a bus called the GPlB. The

readings are recorded into the computer through this bus.

4.7 The GPIB

The General Purpose Interface Bus (GPIB) is widely used for enabling test

instruments to be controlled remotely. The GPIB is a very flexible system, allowing data

to flow between any of the instruments on the bus. The bus has a total of sixteen ,.clive

lines. These lines can be organized into three categories. Eight are used for data transfer,

three are used for a comprehensive fonn of handshakillg, and the remaining five are used

for general bus management, carrying status and control infonnation.

In our case, the GPIB acts as the interface between the spectrum analyzer arid the

computer. Received signal strength seen on the computer is noted on to the computer

through the GPIB. Programming for data acquisition is done in the C code. The antenna

is rotated in steps. And at every step, data is acquired and recorded on the computer. The

recorded readings are then plotted using the MATLAB tool.

4.8 Software Algorithms

Given below are the various software algoritluns used in the Test System.

4.8.1 Generation Of Square pulses

INITIALIZATION:

The Parallel Port Address is defined along with the address for data registers

as data lines (DO-D8) are being used to send the control word.

----------------------------------------------------_.-
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CONTROL WORD DEFINITION:

The Control Words are chosen so as to toggle the DObit High and Low al1er a

10-millisecond delay while keeping the respective relays on.

The chosen Control Words areOX05, OX04, OX21, OX20 with the higher

nibble for relay control and lower nibble for generating a square train wilh

TON10 millisecond and TOFF 10 millisecond.

FOR LOOP:

The FOR loop is nm 690 times as this is the required number of pulses to

obtain a 5 degree rotation.

4.8.2 Data Acquisition

INITIALIZATION:

The IEEE 488.2 bus is scanned for the presence of the Spectrum Analyzer and

is assigned the unique id pmm.

QUERYING AND PROGRAMMING COMMANDS:

The device is programmed to assign a marker for the peak value and is then

sent the query to return the marker amplihlde. The above step is repeated 10

times and the average value of the marker amplitude is stored in a variable

called numb.

STORING VALUES:

A file pointer is assigned and the file is opened in append mode and the value

of numb is written to the file.

TERMINATION:

Once the values are stored in the file the device is given the command to

enable it to be programmed in local mode and is then taken oftline.

4.8.3 The Batch File

The programs for generation of square waves and data acquisition are

incorporated in a batch file. The program for square wave generation is written such that,
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it rotates the antenna by an angle of 5°. Then data is to be acquired. Thus for one

complete rotation of 180° the square wave program should be executed 36 times. And in

between each execution, data is to be acquired. Hence the batch file is written suoh tlwt,

there are alternate executions of the program for square wave generation and data

acquisition.

Thus the antenna is rotated in steps by an angle of 5° and consequently data

acquired. The received data is stored in a Notepad Text file. After this is repeated for botll

planes of polarization, the corresponding readings are overlapped using a MATLAB

program.

4.8.4 Plottine of Radiation Pattern

INITIALIZA TI ON:

The x- axis value is set to show a variation between _90° to +90°. The y-axis is a

measure of the received signal strength.

TEXT FILES:

The corresponding Text files, for the orthogonal planes ofpolarizatiOD ate loaded.

PLOTTING AND DISPLAY:

The values stored in the Text files are plotted in different colours to represent the

two planes of polarization. The plotted values are displayed on the grid.

----------------------------------------------------.- .
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CHAPTERS
••••••

RESULTS AND CONCLUSION
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5.1 Measurement Of Readings,

The experiment was setup as mentioned in the previous chapter. The signal

generator was set to a particular frequency at which the test antenna had to be

characterized. The receiving antenna was rotated in the azimuth at steps of 5·. Output of

the test antenna measured by the spectrum analyzer was recorded by the computer. Tl1e

above procedure was repeated over an azimuth angle range of +90· and -90·. The

recorded data was plotted as a function of the azimuth angle to get the radiation pattern of

the test antenna. The same procedure was adopted to get the radiation patterns in both E

and H planes at difTerent frequencies. Care was taken that to ensure that the transmitting

and receiving antenna were in the co-polar plane.

The experiment was repeated by modifying the structure of the receiving antet1na

to investigate the effect of various design parameters on the performance of the antenna.

The radiation patterns obtained at different frequencies for various structural

modifications are presented below.

MODIFICATION 1: The initial setup included metallic strips that held the connector of

the antenna (Refer Figure 5.1). The radiation patterns plotted for this setup at various

frequencies are presented in section 5.1(a).

MODIFICA TION 2: The metallic strips were replaced by non-metallic strips. (Refer

Figure 5.2). The radiation patterns plotted for this setup at various frequencies are

presented in section 5.1(b).

MODIFICA TION 3: Maintaining the above setup, the included angle \}1 between the

two planes of the trapezoidal structure was altered to 50° from 60°. The radiation patterns

plotted for this setup at variousfrequencies are presented in section 5.1(c).

MODIFICATION 4: The above exercise was carried out for an included angle of 70°.

The radiation patterns plotted for this setup at various frequencies are presented in section

5.1(d).

Department of Telecommunication Engineering, BIT 42



Study of Trapezoidal structure as a wide-band feeg 2003-2004

Fig 5.1: Antenna with metallic strips (Modification 1)

Fig 5.2: Antenna with non-metallic strips (Modification 2)
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~ RADIATION PATTERNS FOR MODIFICATION 1 :

Frequency :
800 MHz

Fre4fuency:
1000 MHz

1200MHz

Frequency:
1200 MHz

E plane - Continuous
H plane - Dotted
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1400MHz

2003-2004

Frequency:
1400 MHz

1500MHz

Frequency:
1500 MHz

j.' H Plane
I-EPlanei

-w ~ ~ ~ 0 ~ ~ ~ 00

_degreesl

Frequency :
1600 MHz

40

H Plane

l:::- EPlane!

80

E plane -- Continuous
H plane -- Dotted
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~ RADIATION PATTERNS FOR MODIFICATION 2 :

Frequency:
800 MHz

10001lHz

~

-.>\
'~
r
\

\

\
, , ,\

20 40 60

Frequency:
1000 MHz

<;-

·8

-10-

1200MHz

Frequency:
1200 MHz

E plane --- Continuous
H plane - Dotted
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t400MHz
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Frequency :
1400 MHz

1500MHz

Frequency:
lS00MHz

tGOOMHz

Frequency :
1600 MHz

E plane -- Continuous
H plane - Dotted
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gw RADIATION PATTERNS FOR MODIFICATION 3 :

Frequency :
800 MHz

'OOOMHz

Frequency:
1000 MHz

1200MHz

Frequency :
1200 MHz

E plane -- Continuous
H plane -- Dotted
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1400MHz
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Frequency :
1400 MHz

1500MHz

Frequency:
1500 MHz

1600MHz

Frequency:
1600 MHz

E plane --- Continuous
H plane - Dotted
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~ RADIATION PATTERNS FOR MODIFICATION 3 :

800MHz

Frequency :
800 MHz

Frequency :
1000 MHz

,
-<10 -2{)

1000MHz

1200UHz

--------,\
',\/J
,,:\ j
,I \ J~, ,

20 40 60 80

Frequency :
1200 MHz

E plane - Continuous
H plane --- Dotted
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Frequency :
1400 MHz

'!IOOMHz

2003-2004

Frequency :
1500 MHz

Frequency :
1600 MHz

E plane -- Continuous
H plane - Dotted
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5.2 CONCLUSION AND SCOPE FOR FURTHER

DEVELOPMENT

2003-2004

We have successfully studied the effect of various design parameters on the

performance of the trapezoidal structure. Our characterization was restricted to the

frequency range of O.5GHz to 1.5GHz, because of non-availability of transmitting

antenna at high frequencies during the time of our experimentation. Our results indicaw

that the trapezoidal structure can be made use of as a multi -octave prime focus fee4, if
proper care is taken while designing the mechani~ strUQ~e of the antenna.

There is large scope for improving the performance of the antenna over the

frequency range as high as O.SGHz to 5 GHz.

----------------------------4 ...·~---
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APPE~J}l~
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C PROGRAM FOR COUNTER-CLOCKWISE CONTROL OF Tl-I~:
MOTOR

#include<stdio.h>
#include<dos.h>
#incl ude<time. h>
#define PORTADR 0X378
#define DATAHI 0X21
#define DATALO 0X20
#define PORTADDRESS PORTADR+O

void mainO
{

int i;
for(i=0;i<690;i++ )
{
outportb(PORT ADDRESS,DA TAHI);
delay(I);
outportb(POR TADDRESS,DA TALO);
delay(I);

}
}

C PROGRAM FOR CLOCKWISE CONTROL OF THE MOTOR

#include<stdio. h>
#include<dos.h>
#include<time.h>
#define PORT ADR OX378
#define DATAHI OX05
#define DATALO OX04
#define PORTADDRESS PORTADR+O

void mainO
{

int i;
for(i=O;i<690;i++ )
{
outportb(POR TADDRESS,DA TMil);
delay(I);
outportb(POR TADDRESS,DA TALO);
delay(l);
}

}
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/* file descriptor for spectrum analyzer */
/* loop control variable */
/* stores measurement readings from pmm*/

----------------------------------------------------------

C PROGRAM FOR DATA ACQUISITION

/* Communication with the spectrum analyzer */
#include <stdio.h>
#incl ude <stdlib. h>
#include <dos.h>
#inc1ude <windows.h>
#inc1ude <time.h>

#include <process.h>
#include "decl-32.h"
#include <ermo.h>

FILE *fpl; /*filepointer for data34.txt*/
void mainO
{

int a,pmm, j;
int i;
char reading[30];
float f;
float num, numb;
fp 1=fopen("data34.txt","a");
pmm = ibdev(O, 13,0, T1Os, 1,0);
num=O.O;
for (i=O; i <10; i++)
{ /* Request voltage reading from pmm */

ibwrt(pmm, "mkpk HI \r\n", lOL);
ibwrt(pmm, "mka?", 4L);
/* Read data from pmm */
ibrd(pmm, reading, 20L) ;
/* Null terminate the string */
f= atof(reading);
num = f+ num;

}
numb = numli ;
i=num=O ;
ibwrt(pmm," conts\r\n" ,9L);
fprintf(fp 1,"%f\n",numb);
fclose(fp 1);
ibloc(pmm);
ibonl(pmm, 0) ;

}
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MA TLAB PROGRAM FOR THE PLOtTING OF RADIATION
PATTERN

%runI Ihe_20041Plot. m
%load('c: Ihcldata34. txt ');
theta=-90;
for i=l :37

data(i, 1)=theta;
theta=theta+ 5;
end

data( :,2)=load('f:\be _2004\800hplane. txt');
data( :,3)=load('f:\be _2004\800hplane. txt');
max(data(:,[23])
plot« data(:, 1)),-1*(max(data(:,2))-(data(:,2))),'r');
hold on

plot( data(:, 1),~l *(max( data( :,3»-( data(:,3»), 'h');
grid on;

MATLAB PROGRAM FOR THE COMPARISON OF RADIATION
PATTERNS

%run llhe _2004lCompare.m
%load('c: Ihc45ldata34. txt');
theta=-90;
for i=1:37

data( i, 1)=theta;
theta=theta+5;
end '

data( :,2)=load('f:\be _2004\50hplane\800hplane. txt');
data( :,3)=load('f:\be _2004\50eplane\800eplane. txt');
max( data(:, [2 3])
plot« data(:, 1»,-1 *(max( data(:,2»-( data(:,2»),'r');
hold on

plot( data(:, 1),-1 *(max( data(:,3»-( data(:,3»),'b');
grid on;
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INstRUCTIONS
for

INSTALLATION, OPERATION
and MAINTENANCI

SILO-SYN®
fRAHSLArOR

TYpfE57103
CAUTION

Since this product will be used in applications beyond the con·

trol of The Superior Electric Company, the system designer is

advised to incorporate protection features which will insure

user and equipment safety.

2003-2004

INSPECTION

When unpacking the SLO·SYN Translator. examine it carefully

for any sh,ipping damage. Tho "Damage and Shortage" instruc·

tion packed with the unit outlines the proper procedure to

'follow if any paris are d~maged or missing.

DESCRIPTION

The ST103 is an enclosed unit containing the power supply

and logic elements n~edcd for bidirectional conlrol 01 a SLO·

SYN stepping motor. Triggering pulses can be supplied by the

internal oscillator or by an external pulse source and the
translator will drive the motor one ~tep for each pulse re·

ceived, The motor can be driven in the half·slep mode which

provides a 0.9· step increment or in the lull·step mode

which gives a step increment of 1.8·. The ST103 can be

mounted on any horizontal surface and can al.so be mounted

in'a standard 19" relay rack.

TEMPERATURE

The ST103 SLO·SYN Translator can be operated in ambient

temperatu'res from O·C to +40·C. It can be stored in ambient

temperatures from -55·C 10 +85·C.

TRIGGERING REQUIREMENTS

When operated Irom an external pulse source, .1110 STI 03 i\
trlnered by a change in voltage from logic level 0 (0 100,4

VOCI to lo,lc level I (2.0 VOC to 7.0VOC) .ltorllll~al & 101
cloCkwlao motor shalt rotation or at termlh' a 1111co~nIO/'

clo(:kwl&o rotation. A diagram showing a i~pIC~1 trleu/lna

pulse wav.lorm is provided. ~irection of 1I)010r \hall tola,
lion Is referenced f.acing the nameplate end 01 tli. mellol,

Complete triggering signal requirements ere as foliowl: ~;

LogiC Ilevel.,,, .. · 2.0 VDC to 7.0 VAG

Logic 0 Level 0 \0 0.4 VDC
Minimum Pulse Width 10 mlcrosocondl

Maximum R1se Time I microsecond

Maximum fall Time, ." "" I mlcro$econd

Loading "".""".""" ..". 1.6 mA.max!~um

Trigger Edge """""" """"" logic 0 to logic ltra/lsitlol1

o

TYPICAL TRIGGERING PULSE WAVHORM

4-~~THE

SUPERIOR EL:SCTRIC COMPJ\~\'
51-i.-to!. Conn~ot.'Qut 06010
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MOUNTING

The STl03 SlO-SYN Translator is designed to stand on a

bench, shelf or other horizontal surface. Keep the area under

the unit and the area by the fan outlet clear to allow proper

flow of cooling air.

The STl03 can also be mounted in a standard 19" rack, but a

sheff or support must be provided for the back of the unit. If

necessary, the feet can be removed from the cabinet and the

cabinet can then be fastened in place using the #8·32 tapped

holes thus provided. The Mounting Dimension drawing shows

mounting hole locations and other critical dimensions. Pro

visions must be made to insure sufficient flow of cooling air

up through the bottom of the unit.

ELECTRICAL INSTALLATION

A 12·terminal plug·in connector and a 6-terminal barrier strip
are located on the back of the translator for making the can·

nections to the external control functions. Specific instruc

tions for each phase of the external connections follow:

Motor Connections
Motor connections to the STl03 translator are made to the

6-terminal barrier strip on the· back of the unit. Be sure

dropping resistors of the correct value are installed in the

two common motor leads. Ratings of the dropping resistors

required for each motor are given in the Dropping Resistor

chart. Impedance of the motor leads must not exceed 80

milliohms (equivalent to 20 feet of #16 wire). If longer leads

are required, a larger wire size must be used so that im

pedance will not exceed 80 milliohms.

If necessary, the rotation of the motor in the plus and minus

directions can be reversed by reversing the motor lead can·
nections at terminals M4 and M5.

DROPPING RESISTORS

DROPPING RESISTOR

STEP INCREMENT
(2 REQUIRED)

HAlf·STEP

fUll·STEP
MOTOR

MODEMOOERATINGPART NUMBER

M061·FC08

0.90
1.806 ohm =5~o.

DR 1OJ 788·G9M06H008
100 walt

M06HC09

0.90
1.80

4.5 ohm =5°~.
BM IJJ8J2·G6M06H009

160 wall

M06J·fC09

0.90
1.80

4.5 ohm =5·~.
BMIJJ8J2·G6M06J·f009

160 wall

M091·FC09

0.90
1.804.5 ohm =5%,

BMIJJ8J2·G6M091·F009
160 wall

M09HC09

0.90
1.80

4.5 ohm =5~~.
BM13J832·G6M09H009

160 wall

M09HC II

0.90
1.8°

4 ohm =5%,
BM IJJ8J2-G9M09J·FOll

160 walt

Mlll·F012

0.901.80
4.5 ohm =500.

BMIJ3832·G6160 wall

Ml12·FD12

0.90
1.8°

4 ohm =5~,·o.
8M 133832·G9MIIHJ12

160 wall

Stepping Mode Switches (HALF·STEP, 2 WINDINGS ON)

Single-pole, two·position switches or permanent cOllnllctions

are required for these functions. Connect the HALF·STEP
switch between terminals 1 and 10 on the 12 terminal barrier

strip and connect the 2 WINDINGS ON switch between
terminals 1 and 9.

Closing the HAlF·STEP switch will cause the translator to

drive the motor in the half-step mode. When the 2 WINDINGS

ON switch is closed, the motor will be driven in the full-step

mode with two motor windings energized at all timos. If hoth

switches are open, the mQtor will be driven In the full-step

mode with one winding on. A complete dllscrlption ()f these

operating modes is given in the Operation section of these
instructions.

The HALF-STEPand 2 WINDINGS ON functions can also be

controlled with voltages as described in the Electronic Can·
trol section of the Electrical Installation instructions.

RUN and HI SPEED Switches .

These functions also require single-pole, two·position switches.
The RUN switch connects between terminals 1 and 4 and the

HI SPEEDswitch between terminals 1 and 3. When operating

the system feom the internal oscillator, actuating the RUN

switch will cause the translator to begin driving the motor at

the base speed. Closing the HI SPEEb switch will cause the

translator to ramp the motor from the base speed up to the

high speed.

The RUN and HI SPEEDfunctions can also be operated using

voltage levels. Refer to the Electronic Control section of the
Electrical Installation instructions for details.

JOG and JOG DIR Switches

The Jog function requires a single-pole, two-position switch

and a single-pole, three-position switch is needed fot Jog Dlr

control. The Jog Dir switch should be In the CW or CCW posi

tion if jog motion is needed or in the Off position II Ihe Jog

mode is not to be used. When the Jog Dlr switch Is at CW or

CCW, the translator will drive the motor one step in the appro·

priate direction each time the Jog switch Is closed.

DIRECTION Switch

Direction control for operation from the internal osoillator

requires a single-pole, three-position switch. Wiring for this

switch is shown in the external connection diagram, Figure 1.

Directional control can also be done with voltage levels as
described in the Electronic Control section of the Electrical

Installation instructions.

External Pulse Input

The external connection diagram shows the Inpu I channels

for triggering the translator with pulses from an external

source. Pulses must meet the specifications given in the

"Triggering Requirement" section.

2
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Electronic Control

HALF.STEP,2 WINDINGS ON, RUN and HI SPEEDcan be con·

trolled with voltage levels using the circuit shown in Figure 2.

When a logic 1 level (2.0 YDCto lOYDC) is applied to point

A of this circuit, the appropriate function will be activated.
The function will be deactivated when the voltage at point

A returns to logic 0 (0 to 0.75VDC).

•
, .

DIRECTIONcontrol can be done using the' circuit given III

Figure 3. Applying a,logic lev~1 0 (0, to 0,5 VOCI ;1 poInts C

and 0 will result In an 01((110 motion) condlt\pll, Applyl~a a

logic level 1 (2.0 VOC to 5.25 YDC) a,t point C lor clookwlse

motion or at point 0 lor, counterclockwis$ lnopQO will causathe translator to, drive the motor in thea~proRrlat~direetion

when the RUN funCtion Is activated. A logic level 1 mUsl n~t .

be applied to' points C and 0 simult~neol/sly.

DIRECTION

COfIITROl.

ccw 4. JOG

0" ~ OIIUCl'lON
cw

10

"

U1Q1
TRANSI.AiOR

EXTERNAL CONNECTIONS
, FIGURE 1

'1

CIRCUIT FOR VOLTAGt LEVE~
CONTROL OF HALf.STtP,
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RUN AND HIGH SPEED
FIGURE 2
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SPEED

The curves show the speed \'S torque characteristics for all

applicable motors when driven by STl03 translator. Character

istics are shown for operation in the hall·step mode and in

the full-step mode with two windings on. When operated in

the full-step with one winding on mode, torque will be 60%

to 70% of that provided in the full·step, two windings on
mode.
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When operating from the internal oscillator, the translator will

automatically accelerate and decelerate the motor to and

from these speeds to prevent the motor from missing steps.

Ramping of the pulse rate rr,ay also be necessary when the

translator is operated from pulses supplied by an external
source.

The part of each curve represented with a dotted line is an

area of possible motor resonance. Dependlni on the load

driven, the motor may not operate satisfactorily at the speeds

shown in the dotted area. If poor performance is experienced

at these speeds. the stepping rate should be increased to

avoid the area of possible resonance. Adding an inertial load
will also lower. he frequency at which the resonance occurs.

OPERATION

Operath1g Modes
The STl03 SLO·SYNTranslator can be operated in any of three
modes; fulI·step with two windings on; full·step with one

winding on; and half·step. A description of each mode follows:

Full·Step, Two Windings On

In this mode, the translator applies power to two motor

windings at all times and drives the motor in 1.80 step in·

crements. The motor windings are energized in the follow·

ing sequence for clockwise motor rotation.

fUll·STEP, TWO WINDINGS ON

IWIlCHIHG MOTOA lUO OA T1AMIHA1
$11' AID.

WHIII/AIOWHIII/GAIINGAliN
(1)

m (4)m
I

~mr mrON

2

~mr ~~r

J

orr~ ~mr

4

orr~ mr~
I

~mr Mr~

t PrOYidU clockwiu \"'.f! foulion is viewed hom ",m,pl,)l. ,I'\d 01 molDc.,
ror co,",ntflclockwlU (ol.llon, \wilchina \Itp, will be p,dolmed In thl , •.
'Vent or.d",

The translator will be in the Full·Step, Two Windings On

mode when the. 2 WINDINGS ON switch is closed and the
HALF-STEP switch is open.

Full·Step, dne Winding On

This mode also drives the motor in steps of 1.80• but only

one motor winding at a time is energized. The following

chart shows the ,sequence in which the motor windings

ar~ energized for clockwise motor rotation.

fULL·STEP. ONE WINDING ON

MOTOA 11.0 OA T1AMIN.l
IWITCNINC 111'

AIDWNITI/AIOWNITI/CAIINGAliN
01

m 141(II

I
Mrorr mr~

2

~orr orrmr

J

orrorr ON~r

~
orrON orrmr

I

mrOff mr~

f Swilcninc UQUlnce lor clockwiu 5hall (01.11101'1.u viewed "om na"'fplal.
end of mOlor, Steps are per'OtmelS in reverse orde, lor counlerclockwlU
,oUljon,

In the Full·Step, One Winding On mode, motor torque Is

60% to 70% of that provided by.the two windings on mode

and step accuracy may be slightly degraded. However, Ihis

mode requires only about 50% of the power required tor

the two win~lngs on mode.

The translator will be in the Full·Slep, One Winding On mode

when both the HALF-STEPand the 2 WiNniNGS ON switches

are open.

HALF·STEPMode

The motor step increment in this mode is 0.9', thereby

allowing finer positioning resolution. Each molor wlndln~
will be energized for three steps and will be oil lor Ihe

next five steps. The switching sequence is jI$ shown In Ih.
following chart for clockwise motor rolatlon,

HALf-STEP ---
IWlrCNING

MorOA HAD o. rUMINAl

nt'

uoWHITt/AU
W~I,,/.m~ .;r~

Itl

m ., --r-:!~I
OffOff OffON

2

ONOff OilON

3

ONOff Otfoft

4

ONOff ONOff-5
OffOff ONOff

6

orrON ONOff

I
OffON otfOff-• orrON 0"ON-I orrorr orrON

I Swll.hln ••• qu.n •• 101clockwl••• hm ,01.lIon ., .I,w.d 111mn.ln.PIII,
:o~~lr~n~olor. Stepi '10 p"torm.d In •••• ,.. old" lor ,ounl""p'kwl,

In addition to providing finer positioning r"olutlon, tho
Half·Step mode olso permits starting al higher pulse rutu

in many cases. Smoother operation at frequencies neer t~e
natUral resonance points of the motor Is anolher benoflt:"

To operate in Ihe half·step mode, close the HALF·STEP
switch. The osclllatQr pulse rate is doubled when the hall·

step mode is selected, resulting in tl10 same motor shall

spoed as in the full-step mode.

Functions of the Operating Conttols
The use of the HALF·STEPand 2 WINDINGSON switches hIS

been described in the discussion of operating modea. The
functions of the other controls are described hete,

BASELEVELControl

This control, located on the back 01 the unit, controls the base

speed of the translator. The base speed 1$ the rale at which
a specific motor and load will start and stop without faltol'

ing, stalling or mls.sing steps. The base speed range is 0 10

1000 steps per upond in the full·step mode and 0 to 2000

steps per second in the half·step mode.,
6
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OPERATION continued

POWER Switch and Lamp

This switch controls the a·c power input to the translator.

When the translator is energized, the red' pilot lamp wililighl.

HI/BASE Switch

This switch controls the speed range at which the translator

will drive the motor when operating Irom the internal oscil·

lator. When lhe switch is in the BASE position, the molor will

be driven at the rate selected on the BASE LEVEL control. II

the switch is changed to the HI position, the translator will

accelerate the motor to the rate selected on the SPEED

.control.

RUN Switch

This switch will operate the motor from the internal ascii·

'Iator, Hold the switch in the + position to drive the motor

clockwise and In the - position lor counterclockwise rota·

tlon, The speed at which the motor will be driven depends on

the position of the BASE/HI switch and the settings on the

BASE LEVEL and speed controls.

SPEED Control

This control selects the stepping rate when operating in the

high speed range. The range of adjustment is' 100 to 3000

steps per second in the full·step mode and 200 to 6000 steps

per second in the half·step mode. The stepping rale is doubled

when the translator is switched from the full·step to the

half.step mod~, resulting in the same actual motor shalt

speed in both modes.

External Controls

DIRECTION Switch

T~is switch selects the direction in which the motor shaft

will rotate when operating from the external RUN switch. The

,DIRECTION switch must be in the OFF position when operat·

ing Irom an external pulse sourco.

RUN Switch

Closing this .switch will cause the translator to begin drlvin~

the motor in the .. direction selected on the DIRECTION

switch. The motor would be driven either at the base rate or

at the highsp~ed, depending on the position of the HI SPEED

switch.

HI SPEED Switch

When'this switch is closed, the translator will drive the motor

at the high speed rate when operating from the internal ascii·

lator. Opening the switch will result in operation at IhO base

speed rate. This switch will not affect operation from the'

translator panel controls.

JOG Switch

Each timelhis s.witch is closed and opened, the motor will be

driven one slep. The direction of rolation isdetetmined by

the position of the JOG DIR switch.

JOG DIR Switch

This switch selects the direction of motor rotallon ror opero'

tlon tram the external JOG switch. When the switch Is III tho ",

CW direction (terminal 8 connected to terminal 5) closing tho

JOG switch will cause the motor to move one atep In the plua

(CW) direction. For motion in the minus (CCW) direction, tho

JOG DIR switch must be In the CCW position (terminal 8 Call'

nected to terminal 2). The JOG DIR switch should be in the orl

position when the JOG mode Is not being used.

Operating From the Internal Oscillator
The procedure givan below must be followed when opelnll"U

from the Internal oscillator.

1. Select the slepping mode: Full·Slep. Two Winding, ani

Full.Step, One Winding Oni or Half·Step

2, Piece the POWER switch In the ON posItIQ~. The red pllol

lamp wllJ light

3, Solect the stepping range on the Hl/aASE _Witch.

4, Operate the motor by holding the RuN swltoh In tho ~~. or

_ position •.. '

When the RUN switch on the front panel la In Ih oontor pall,
lion, tho translator can be operated from tho utQ,~.1 cpnlrlll,

as follows:

I. To operate In the run mode, salect CW or COW /nollon 011

the Direction switch and select tho bm or tho hlah

speed with the HI SPEED switch. ClolO tho RUN switch 10

operate the motor.

2. To log the motor, place the 'JOG DIR sWlloh at OW 01

COW. Then close and open the JOa switch. The molar

will move one step In the selected dlreclion each lime

the JOG switch Is closed.

Each time the JOG switch Is closed and openod, Ihol;,
translator will drive the motor one jtep In lhe dlrQcllo~

selected ..

Oparatlnlz From External PulsesUse tho foiTowlng procedure· when trlUorln• tho trallll_tol

Irom en external pulse source.

I. Place the exlornal DIRECTION switch In t~. OFF pO'lllon,

2. Select the slapping mpde: Fuil~Step,tWD Winding. 0111Full.Step, One Winding On; or Half.$top. ,

3. Place th.e POWER-switch in the ON ~O'IlIQn.tho rod pll~1

lamp will light, Ind,icatlnglhe transl.tor·IHneralud,

4. Apply pulses from the external .sollt~e tq l.,mln.1 6 I~I
CW motion or to terminal 2 lor COW tnollo~, The pulse,

musl meet the speciflcatlonsglven In the netlon tilled

If Triggering Requirement."

Ramping 01 the pulse rate may be nOemery In' oruer l~
start and stop the motor without mlsslha alops.

Monitoring Pulses
II It II necessary to monitor pulses from the oacilio lor In

order to keep Irack 01 motor position or for ohY other rouon,

thIs can be done 81 follows:
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I. Connect the ground of the pulse monitoring device to

terminal 1 (Vo).

2. Connect the probe of the pulse monitoring device (typi·

cal high input impedance of 10 megohms) to terminal 2

to monitor CCW pulses or to terminal 5 to monitor CW

pulses.

Base Speed Adjustment
The base speed is the rale al which a specilic motor and load

will start or stop without faltering. stalling or missing steps.

Base speed is easily adjllsled to malch Ihe nlolor ~nd 10illl

characteristics by means ollhe Base Speed COlltlollocaled on

the back of the unit. The range is 010 1000 steps per second

in the full·step mode and 0 to 2000 sleps ~wsecond In the

hall.step mode. Base speed must be properly adjusted before

selting the ramps (acceleration and deceleration!. Set the

base speed using the following procedure:

1. Select the desired mode of operation: Full·Steii~·rwo

Windings On; Full·Step. One Winding On; or Half-Step.

2. Tuen the POWER switch ON.I

3. Place the HI/BASE switch in the BASE position.

4. Actuate th.e RUN switch in either the plus or the minus

direction: The translator will begin driving the molor at

the base speed.

5. Adjust the Base Speed Conlrol to select lhe fastest rate

at whiGh the translator will reliably start and stop the

molor. Then decrease lhe base speed by 20 steps 118r

second or 10%, whichever is greater, to provide e ulely

margin. If neces~4ry, the oscillator pulses can be mnil'

itored as previously described while adjustlna tho llnso

speod.

Acceleration and Deceleration Adjustments
Acceleration and deceleration times lor operation al tho high

speed are Independently adjustable within a 50 millimond 10

1 second range and aie adjusted at the faclory 10 I second.

When tho HI/BASE swilch is in Ihe HI posillon and tho RUN

swilch II closod, Iho oscliialor will ramp up to Iho &oloclod

high speed over \he selected acceleration limo and wlll.llmll

down 10 zoro over Ihe selected deceleralion time when tho

RUN swllch is opened.

It Is ofl.n desirable 10 decrease the accelerallon and doceler·

ation limes in order to shorten the lime requIted for an oper·

ation, However, ilthe times are 100 shorl,the /TIolor they nlill

Sleps when star tins or overshoot when stopplns·

Adjust the ramp times as follows:

CAUTION, Vollaell are present Inside the 'r10IQ$Ur. 01 th.

unll which can causa Injury. ThmIQI •• 'r1I~ p •. rsoh~
qualified to service eleclronlc eqUlpl/l.nlshouI4

perform adjustments or troubl, .hQ~lln' plDCI'

duru on this unit with the cover r'l11ovt~I'

1. Remove the four screws that hold the covet 10 pl.co and

remove the cover.

2. Place the HI/BASE switch In the HI position.

".

"

\I
r,
/,I

I':

;.::.

R43C13

ACC!ltRAIIOH AHO OEC!lERAlIOH ADJUSTMENTS
fiGURE 4 •
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OPERATION continued

3, Place the POWER switch in the ON position .

4, Refer to Figure 4 and connect the scope probe to

capacitor C3 (0.47 microfarad capacitor) on the Trans

lator circuit board and connect the scope probe ground

to terminal I,

5. Select a base speed as described in the Base Speed Ad

justment procedure.

6, Hold the RUN switch in the plus or the minus position

and adjust the SPEED control to attain the desired high

speed rate. Release the RUN switch.

7. ,Operate the motor by closing the RUN switch and€he{;k

to see that it does not falter or stall when starting. To

select the ideal acceleration time, turn potentiometer

R43 on the Translator circuit board (see Figure 4 )

counterclockwise to shorten the time. Select the mini

mum time which will allow the motor to start the load

reliably. Then increase the acceleration time from this

point by 10% to provide an adequate safety margin.

8. Again, start and stop the motor repeatedly, this time ob

serving the time between the opening of the RUN switch

and stopping of the motor,

To select the ideal deceleration time, turn potentiometer

R42 (see Figure 4 ) counterclockwise to shorten the

deceleration lime, Find the shortest lime which will

allow the motor to stop without gaining or losing steps.

To allow an adequate safety margin, increase the decel·

eration time approximately 10% from this point. The

final adjustment will usually result in a deceleration time

that is slightly shorter than the acceleration time.

It may be desirable to trigger the scope externally to

observe the ramps. To do this, place the scope trigger on

External. Trigger - (minus) on the RUN switch to observe

the acceleration time and + (plus) on the RUN switch

to observe the deceleration time.

TROUBLE SHOOTING

CAUTION: Voltages are present inside the enclosure of the

unit which can cause injury, Therefore, only persons

Qualified to service electronic equipment should

perform adjustments or trouble shooting proce·

dures on this unit with the cover removed,

The SLO·SYN Translator requires no regular maintenance and

should provide long service with no attention, Should the unit

fail to step the motor properly, perform the following checks:

1. Check all fuses.

2. ,Check all installation wiring carefully for wiring errors
.or poor connections.

3. Check to see that the a·c power to the translator meets

the stated specifications:

4. Verify that dropping resistors of the l:orrllct value have

been installed in the motor common leads,

5. Be sure that the proper procedure Is being followed in

operating the translator.

6. Check to see that triggering pulses ~re being rQoelved

at terminal 2 for CCW motion or ~t lermlnal a Int CW

motion. Pulses must not be sent to terminal. 2 ~nd 5

simultaneously.

7. Check with a doc voltmeter to verify that voltSY8 \0 Ihemotor windings is being switched on and 011 In the

, proper sequence. Voltage to the motor wlndlnU nail be

Checked at terminals MI, M3, M4 and M5. In lhq rull·
Step, Two Windings On mode, 8aoh winding ShoUld pe en·

ergized for two steps and de-energited fot the "oxt two

steps. In the Full·Step, One Winding On mode, enoh wind

Ing should be energized for one step and de·$tlDrglzed

for three steps. When operating In the Half·Step mode,

each of the four motor windings will be cner al2nd for

three steps and de-energized lor five steps. ThoU te~ts

should be performed at low speeds using lhe alhllle·atep

Jog circuit.

Proper energizing of the motor windings cafl ~I.o b~i

checked at higher speeds using an oscillosoopo 'Ill chook

the collector to emitter waveform (YOE) of the lout powor

transistors. Connect the scope groUnd to totrliinel .1.

With the scope probe (triggered Internally or oxlOrnnlly)

check at terminals MI, M3, M4 .n~ M5 otlB al • 11rl1~.A

typical waveform is shown fot an M092·FC09 molor op·
erated at 500 full-steps per secoh~ 0000 half.,IDP' per

second).

8. If the motor will not drive the 104d at the desllOU speed

and the preceding checks show the translator I. qp&rat·

Ing correctly, the combination of friction load alld Inertia

may be too great for the motor to overcome. Thl. sltua·

tion ca,n usually be overcome by reducing tho Dp.ratlng

speed. In severe cases, it may be necessary to UU e mo·

tor having a higher torque r.tlna or to drlvo·lh. load

through a speed reduction gear train.

If any unusual problems are encountered In the InslallallOn or

operation of the SLO·SYN Translator, oontact the lao\ory or

the nearest Superior Electric sales office.
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SPECIFICATIONS

Dimensions

Weight (Approximate)

Required Power Source

Temperature Range

Oscillator Range

Oscillator Stability

High Speed Range

Full·Step Mode

Half·Step Mode

Base Speed Range

Full·Step Mode

Hal f·Step Mode

depth: 16lf2" (419mm)

width: 17lf2" (445mm)

height: 7" (178mm)

28 pounds (12.7 kg)

120 volts a·c ± 10%,60 hertz,

5 ampere max.

operating: O°C to +40°C

storage: -55°C to +85°C

o to 6000 pulses per second

± 10% or ±20 steps per

second, whichever is greater,

over stated temperature and

input voltage ranges.

100 to 3000 pulses per second

200 to 6000 pulses per second

o to 1000 pulses per second

o to 2000 pulses per second

Acceleration and

Deceleration, '

External Triggering Pulse

Requirements

High Level

Low Level,,,

Pulse Width

Rise Time ""."." .."" ..",.".

Fall Time."""".""",,,.

Loading".""""""",,,.,,

Trigger Edge""."""."" .. "

HALF·STEP, 2 WINDINGS ON,

RUN and HI SPEED Control

High Level
Low level

loading

Motor Compatibility

Stepping Modes

50 milliseconds to 1 second

individually adjustable

2.0 VDC to 7 .0 VDe

o to 0.4 VDC

10 mlcroseoonds mln,

1 microsecOnd max.

I mlcroseoond max.

1.6 mA max.

logic a to logic 1 transillon

2.0 VDC to 10 vue

o to 0.75 VDC

2mA max.

drives M06I through M J 12

motors (using approprialo

series reslstorsl

full·step, one or two wlndl"a.

on, 2·ph~se, bltllar; or hall'llllP,

2·phaso, bUllar

••

~;

WARRANTY AND LIMITATION OF LIABILITY

The Superior Electric Company (the "Company"), Bristol, Connecticut, warrants to the buyer of equipment tl1an~'.ctured

and sold by the Company that such equipment will be free from defect. In material and workmanship undet flotmallli8 and

service for a period of one year from date of stripment from the Company's factory or a warehouse of the C(lmpany. THE
COMPANY'S OBLIGATION UNOER THIS WARRANTY SHALL Be STRICTLY AND EXCLUSIVELY Wy,tIHO TO

REPAIRING OR REPLACING, AT THE FACTORY OR A SERVICE CENTER OF THE COMPANY, ANY $UCH EQUIP.MENTORPARTSTHEREOF WHICH AN AUTHORIZED REPRESENTATIVE OF THE COMPANY FINOSTQ Be OEHC·

TlVE IN MATERIAL OR WORKMANSHIP UNDER NORMAL USE AND SERVICE WITHIN SUCH PI!RI~Q ~F ONE
YEAR. THE COMPANY RESERVES THE RIGHT TO SATISFY SUCH OBLIGATION IN FULL BY REFUNDING THEFULL PURCHASE PRICE FOR ANY SUCH DEFECTIVE EQUIPMENT. Thi$ warranty does not apply to "W e~Ulpmonl
which has been tampered with or altered in any way, which has been improperly in$lalled or which has been .ubject to mlsulB,

neglect or accident.

THE FOREGOING WARRANTY IS IN LIEU OF ANY OTHER WARRANTIES, EXPRESS OR IMPLIEO, INCLUOING,

WITHOUT LIMITATION, ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTlCULAR

PURPOSE, and of any other obligation$ or liabilities on the part of the Company, and no penon is authorlz,dto a,*u~ lor

the Company any other liability, with respect to equipment sold by ihe Company. The Company $hall have ~o lI~bllltvwith

respect to equipment not of its manufacture. THE COMPANY SHALL HAVE NO LIABILITY WHATSQEVER IN ANYEVENT FOR PAYMENT OF ANY INCIDENTAL OR CONSEQUENTIAL DAMAGES, INCLUDING,WITHdUT LIMltA'
TlON, DAMAGES FOR INJURY TO ANY PERSON OR PROPERTY.

Written authorization to return any equipment or parts thereof mUlt be oblalned from the Company. The Company 111111 not

be responsible for any transportation charges .. ,

IF FOR ANY REASON ANY OF THE FOREGOING PROVISIONS SHALL BE INEFFECTIVE, THS COMPA~V'S .
LIABILITY FOR DAMAGES ARISING OUT OF ITS MANUFACTURE OR SALE OF EQUIPMENT, OR un TH . OF ' •

WHETHER SUCH LIABILITY IS BASED ON WARRANTY, CONTRACT:. NEGLIGENCE, STRICT LIABILltV I~~ ATOR OTHERWISE, SHALL NOT IN ANY EVENT EXCEED THE FULL PUnCHASE PRICf OF SUCH EQUIPMSNT.

Any action against the Company based upon any liability or obllgatlan ari.ing hereunder or under any law apPlicable to the

Company's sale of equipment, or the use thereof, must be commenced within one year after the cause of such .ctl~n arbes.

J
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•• /I~/N 34 '
MINIATURE FLAT PACK RELAY

Low Profile

High Sensitivity
Direct PCB type
Bifurcated Conlact
Sealed

Between Contacts & Coil t 000 VRMS

SPECIFICATIONS

Oonl"'l A,rll'l\lOlllloli12 C - 2 Form C
4C·4FormC

:Ie e xxxI$JIIIIII'.II anv

E • 8ealed

, 12

HOW10 OUUEIl

DRilLING PAI'TEIIN

2 Form 0

Nominal Voltage
(Reier coil de"')

34

J
Product
Series

COil DATA

CIRCUIT DIAGRAMS

l! ~~IIg~
tl ~

~~
~f:~~~

~~
<l:

:>
0-

5

4.0 90

6

4.8137

12

9.B500

2C

2419.22000

48

38.47000

60

48.09700

5

4.0 53

6

4.8 90

12

9.6' 330

4C

24,19.2 1200

48

38.44200

60

46.07000

100VA

2A 0 JOVDC

OSAO 12SVAC

230 VAC/24 VDC

230 VAC/220 VDC

Sliver Gold Flashed

: O,t8W

. O,28W

:03W

: 0.48W

: 2 Form C. 4 Form C

Rated Voltage

,
Mechanical 1° operations

E.leclrical 2 )( 105operations

Contact Resistance (Initial) : SO milli Ohms

Dielectric Strength

Maximum vollago

Mll Mhnum Conllnuouli
Current

Maximum Power Raling

AC Voltege

Nominal Coil Power

2 Form C

4 FormC

Operaling ~ower

2 FormC

4 FormC

Ule Expectancv

Conlact Rating

Conlact Material

Contact Arrangemenl

Between Open Contacts SOOVRMS

OperatG limo 81
Nominal Voltage IS mllil see (Max)

Release time al
Nominal Voltage : S milli sec,,(Max)

Ambient T~mperature _40° C 10 + 6S0 C

~UIH6IM fY"

'11(

•

I
t

Lit..•.
~~2.

~ ~orm 0

. 'H~rmQ
View I 'hi rrjll MI lidO

[j
~fTltJ i ,

2 Form C .nl
r.-l' I

LLI,,,,.~ '0 -.U .'
, II

~ la, .

14 gms (approx)

4C ' 16 gms (aPprox)

2CWeight

All dimensions afe in mm. Specillcatlons subject to change
wllhoul notice.

General Tolerance * 0.6

Insulation Resistance ' 1000 Meg. Ohms al

SooVDC.2S0C.RHSO

Typical appltcatlons

Telecommunication Equlpments. Oltice AulomaUon.

Measuring Instruments. etc,

•• /I~/N haclln IJmited
Vy1t11a.COChln-682019. KeraJa.lndla. Ph:0091 (0) 464-301132.303709
Fax:0091 (0) 484-302287. 302211.www.oenlndla.com. E-mail: IlIles@oenlndla.cof'l\
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