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A circuit is coupled to an external power supply (15) and is coupled to a non-live zero, two wire DC current transmitter
(11) (e.g. 4-20 MA output) for converting such current to a live-zero DC output current signal (e.g. 0-20 MA output) and for po-
wering such transmitter. The circuit has a first current to voltage converter (108) for converting the transmitter current signaltoa
voltage signal, and a second current to voltage converter (142) coupled to receive the circuit output current signal and an offset
current from an offset current source (150, 152, 154) for converting the sum of the circuit output and offset currents to a second
voltage signal. A comparator (120) is used for comparing the first and second voltage signals to provide the live-zero output cur-
rent signal representative of the non-live zero transmitter signal. The circuitry can also provide isolated power (34) to the trans-
mitter (11) and feedback (closed loop) control (82) of such power.
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CIRCUIT FOR CONVERTING A NON-LIVE ZERO, CURRENT
SIGNAL TO A LIVE ZERO DC OUTTUT SICKAL
BACKGROUND OF THE INVELTION

1. TFicld of the Invention

5 This invention relates to two wire DC transmitters
and more particularly to a means for converting the output
thereof from a non-live current signal, such as 10-50 MA
(milliamperes),-4-20 MA or the like to a live zero output
current such as 0-50 MA, 0-20 MA, etc.

10 2. Prior Art

In the prior art there are two, three and four wire
DC current transmitters. Typically, in the four wire trans-
mitters power is provided along two wires and a DC current
signal representative of a parameter along a sccond pair of

15 wires. The three wire transmitter is quite similar to a
four wire transmitter but operates on three wires as the
power supply to the transmitter and the current signal share
a common lead. Such three and four wire transmitters are use-
ful and generally function reliably.

20 More recently two wire DC current transmitters have
guined considerable acceptance. Such acceptance is due to the
fact that power is provided to the transmitter from zn external
source along the same two wires through which the two wire
transmitter provides a DC current representative of a para-

25 meter to an external load. One problem is that the two wire
transmitter typically provides a base current elevated ;bove
zero (a non-live zero current) reprcscntativc.of 2 zCTro OT
reference level of such parameter. The two wire transmitter
consumes the current from zero current to-such base current

30 internally such as 0-10 MA or 0-4 MA. Whilec the majority of ncw
uses for transmitters seems to be for two wire trans:zitters,
certain existent facilitics and new projects require the live
zero output current signal. In the prior art, the choice for
such live zero applications has been the threc or four wire

transmitters or, perhaps, an expensive, often custom engineered

(93]
(%)

conversion of a two wire signal to a live zero output signal.
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Briefly, a "live zero" can be thought of as a system where
any current different from zero indicates a paramcter value.

SUMMARY OF THE INVENTION

The present invention provides an inexpensive means

5 for converting a two wire transmitter having a non-live zero, -
DC current output signal to a live zcro DC current output
signal. Such conversion permits a two wire transmitter of
standard design to be used in facilities where such live zexo
output signal is desired. The invention further provides

10 electrical isolation of the external power supply from the
transmitter and converting electronics and may, as desired,
include feedback control, also including electrical isolation
as desired, of such power. The circuitry comprises first and
second conversion means for the two wire current signal and

15 for the output current signal and an offset current which may
be combined with either signal to provide the live zero current
output signal. The circuitry in a rather simple manner solves
the long term problem of applying known two wire transmitters
to live zero applications in an inexpensive, convenient, standard

20 manner. This invention thus enables two wire transmitter
manufacturers to reach the markets of three and four wire
transmitters in a competitive manner, and permits a user of
three and four wire transmitters having a live zero system to
use both the existent three and four wire technology and the

25 new technology cf two wire transmitters in his information
system in a convenient manner.

BRIEF DESCRIPTION OF THE DRAWING

. The figure is an electrical schematic representation
of a preferred cmbodiment of the present invention.
30 DESCRIPTIQN OF TIE PREFERRED EMBODIMENT

One embodiment of a circuit for converting a DC non- :
live zero, current from a two wire transmitter to a live zero

output in accord with the present invention is shown generally

-

at 10. Such DC two wire transmitter may have circuitry, for
35 example, in accord with U.S. Patents 3,646,538, 3,764,880,
4,205,327, 4,206,397, 3,906,338, 3,675,122, 3,975,719 and
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3,854,039, but the output of other two wire transmitters can
also be converted to a live zero output signal by this inven-
tion. Again, by means of onc example, thc two wire circuit of
U.S. Patent 3,646,538 to Frick preferably is coupled to the
5 embodiment of the figure by connccting the positive terminal

shown in Patent 3,646,538 to terminal 12 in the present
drawings, and the negative terminal 62 shown in Patent No.
3,646,538 to terminal 14. The circuit according to the inven-
tion, then provides power to the two wire transmitter 11 and

10 converts the output DC current therefrom to a live zero output
DC current as explained herein.

An external power supply 15 which may be an alterna-
ting (AC) or a direct current (DC) supply is connected to ter-
minals 16 and 18. Terminals 16 and 18 are coupled to a full

15 wave rectifier 20, which in turn is coupled to a clectro-
magnetic interference filter (EMI) comprising an inductor 22,
a capacitor 24 and an inductor 26. A filter capacitor 28 for
further filtering is provided between capacitor 24 and inductor
26 to ground. When supply 15 is active, a filtered DT voltage
20 is impressed between a line 30 and a line 32.

Such filtered DC voltage is coupled to a trunsformer
34 which has a primary winding 36 connccted to line 32 at a
first end 38, and to line 32 through the collector-enitter
junction of a transistor 40 at a second end 42. Primary winding

25 36 of transformer 34 is coupled (as shown at 44) to a secondary
winding 46 to provide an isolated voltage thereto. The transis-
tor 40 is coupled through a resistor 45 to line 32 for bias.

A capacitor 48 is coupled to line 30 and to line 32 for filtering.

A pulse width modulator 50 provides a control signal

30 to the base of transistor 40 along a line 52. In one preferred
embodiment, pulse width modulator 50 is Model No. S613524
manufactured by Signetics of Sunnyvale, CA. Pulse width modula-
tor 50 has a fixed rate output pulse determined by the valuc
of a resistor 54 and a capacitor S56. In one preferred embodiment,

35 resistor 54 is 4.7 kiloohms (XKSL) and capacitor 56 is .0022

microfarads (ytf), hence, providing a 50 kilohertz (1iiZ) output

BAD ORIGINAL
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pulse rate. Resistors 60 and 62 and a diode 64 arc coupled to
"lines 30 and 32 and to pulse width modulator 50 to form a DC
sense line which in cooperation with a resistor 66 from line
32 sense the DC voltage between lines 30 and 32 and such
) sensing network in cooperation with pulse width modulator 50
inhibits the output signal from modulator 50 when the voltage ;
between lines 30 and 32 is below a predetermined (nominal)
level. A line 68 is coupled to line 30 and to pulse width
modulator 50 and line 32 is also coupled to pulse width
10 modulator to ﬁ}ovide power thereto.
The voltage in secondary winding 46 of choke 34
affects an output diode 70 and the transferred energy flows
into an output capacitor 72 and the subsequent circuitry which
comprises the load. Such voltage affects diode 74, a2 current
15 limiting resistor 76 and a resistor 78 causing a current there-
through. Current in a line 80 which couples diode 74 to
resistor 76 is dependent on the characteristics of diode 74,
and the valuc of resistance of resistor 76 and the voltage
applied thercto. In one cmbodiment is a INS5257B diode 74 and
20 resistor 76 is 1 kiloohm. The current path fromdiode 74 and
resistors 76 and 78 is primarily completed through an isolated
feedback device 82, which in one embodiment is a photo coupler,
and preferably is a model 4N28 manufactured by Motorola Inc.
of Schaumburg, I1linois. Isolated feedback device 82 then
25 _couples a signal representative of such current from the
secondary side of transformer 34 (line 80) to the primary side
thereof, by a light coupling means, thus providing electrical
isolation between the primary and secondary sides of trans-
former 34. Resistors 84, 86 and 8S together with the output
30 of isolated feedback device 82 form a bridge which is-loaded by
a resistor 90 and such bridge provides a differential voltage v
to pulse width modulator 50, which then controls the pulse
width of thesignal therefrom along linc 52 responsive to
such differential voltage. A resistoer 91 is coupled through
35 pulsc width modulator 50 and serves as the pull up resistor

for transistor 40, A resistor 92 and a capacitor 94 are coupled

BAD ORIGINAL




WO 82/01267

10

15

20

PCT/US81/01309

-5-
to line 32 to provide compensation for stability and compensa-
tion for overshoot by adjusting the passe-gain rclationships
of the circuit. A capacitor 96 provides further EMI filtering.

The voltage supplied from sccond winding 44 to diode
74 is rectified by diode 70 and stored by capacitor 72, thus
establishing a DC voltage between lines 100 and 102 to power
the two wire transmitter 11 through terminals 12 and 14 and
also to power the subsequent circuitry. A -capacitor 102A
couples line 102 to ground for EMI filtering. The DC current
is controlled by the two wire transmitter responsive to a
desired parameter. The DC current from the transmitter 11
may vary between 10-50 milliamperes (MA) or 4-20 MA or other
selected values. The DC current from the transmitter then flows
into the present circuit at terminal 14 and is fed through a
line 106, a resistor 108 and threc diodes 110, 112 znd 114 to
line 102 which is the negative supply line. In one preferred
embodiment, when the two wire transmitter current (ITHT) is
4-20 MA, resistor 108 preferably is a 250 ohm precision
resistor. A 1 to 5 volt signal is developed acro;s resistor
108. This voltage signal is then applied to a first input
terminal 118 of a comparison amplifier 120. A variakle resistor
122 and a capacitor 124 adjustably determine the circuit
time constant, while a capacitor 126 provides further EMI
filtering. TIn control, comparison amplifier 120 provides a
control signal along a line 130 to the bases of a pair of
current control transistors 132, 134 yhich contrel the current
to an external load 136, which is connected to the present
circuitry by terminals 138 and 140. A capacitor 141 provides
EMI filtering. Current for external load 136 (ILOAD CURRENT)
may flow from line 100 through current control transistor 132
and through resistors 136 and 12 to diodes 110, 112 znd 114
and to line 102. Diodes 110, 112 and 114 hold the voltage
on line 144 an aggregate of the voltage drops of such diodes
aboye line 102. Hence, current may flow in the opposite
direction through load 136 from line 144 through resistor 142,

resistor 136 and through transistor 134 to line 102. Such
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directional current through resistor 136 is determined by the

output of comparison amplifier 120. In onc cmbodiment when

the output of amplifier 120 is positive, transistor 132
active and current through load 136 is in a positive dir
and when the output of amplifier 120 is negative, transi
134 is activc and current through load 136 is in a negat
direction.

An offset current is also fed through resistor

is
ection
stor

ive

142,

The offset current is developed by a current source shown at

150. A control amplifier 152 provides a control signal to the

base of a current source transistor 154. Transistor 154
coupled at its collector to line 100 and at its emitter
a bridge comprising resistors 156, 158 and 160 and a
Zener diode 162. Amplifiqz 152 controls the current thr
the collcctor-cmitter junction of transistor 154 so that
voltage at the inputs of amplifier 152, that is, between
resistors 156 and 158, and at the cathode of Zener diode

are equal. The voltage between resistors 156 and 158 wi

with different current flow through resistor 142. This

25

30

the control signal from amplifier 152 which changes the
from transistor 154 causing a change in current through
bridge until the voltage levels at the amplifier inputs
equilibrium. The current through diode 162 and the curr
through resistors 156, 158 combine to provide the offset

current (I ) in resisttr 142. A start up resistor

offsect
provides start up ‘current for current source 150.

An offset current of opposite polarity may be
similarly developed and fed through resistor 108 instead
resistor 142 to attain a similar result. In such an ins
the offset current is effectively combined with the curr
from the transmitter 11 and the voltage is compared with

voltage developed at resistor 142 from the circuit outpu
. /

current.

OPERATION OF THE PRETFERRED EMBODIMENT

In operation of the circuit 10, a suitable, ex

AC or DC power supply 15 is coupled to termirals 16 and

BAD ORIGINAL

is

to

ough
the

162

11 vary
charges
current
the
rcach

ent

164

of
tance
ent

the.
t

ternal

18. The

TUREAT
p OMPI
Yy, WIEQ ,

LERNATION:

- %

A
X



WO 82/01267

10

15

20

PCT/US81/01309

-7-
supply voltage, if AC, is then rectified by rectifier 20 and

the supply voltage is then filtered. This filtered, DC voltagc

is then applied to the primary winding of transformer 34 which,
preferably operates as a flyback transformer, and is switched
at a desired frequency by transistor 40. When transistor 40
is conducting, the DC voltage between lines 30 and 32 is
impressed across primary winding 36. This voltage cuts off
output diode 70. Current in primary winding 36 continues to
rise, thus storing energy until transistor 40 is cut off.

At this point the voltage across primary winding
36 reverses, apd the stored energy is magnetically transferred
to secondary winding 46 thus forward biasing diode 70 to
charge output capacitor 72 and thus establishing the desired
jsolated, DC voltage between lines 100 and 102.

Closed loop control of such isolated DC voltage is
accomplished through isolated feedback device 82 providing
a feedback signal to pulse'width modulator 50. The width of
the pulse width signal to the base of transistor 40 is con-
trolléﬁ in response to such isolated feedback signal. In the
preferred embodimént of the figure, negative feedback is
employcd, that is, as thc voltage between line 100 and 102
increases, the pulsc width is decreased, thereby reducing the
magnetizing time and resultant energy transfer from primary
wvinding 36 to secondary winding 46.

The voltage from line 100 to line 102 less the
diode voltage drops of diodes 100, 112 and 114 and less the
voltage drop across resistor 108 is then applied to the two
wite transmitter. The two wire transmitter preferably controls
a DC output current, representative of a parameter or conditidn
and such DC output current flows thiough resistor 103, diodes
110, 112 and 114 to line 102 and to secondary winding 460,
which completes the circuit. The voltage thus established across
resistor 108 is applied to a first input terminal 118 of
comparator amplifier 120. As explained, comparator amplifier
120 outputs a control signal on line 130 for transistors 132

and 134 as a function of the signals at both of its inputs.

Dy WIPD N
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Positive dirccted load or circuit output current
flows from line 100 through transistor 132 to terminal 138,

through external load resistor 136, terminal 140, resistor

oy

) 142, diodes 110, 112 and 114 and to secondary winding 46
5 completing the circuit. Negdtive direccted load current -

flows from line 144 through resistor 142, terminal 140, load z
resistor 136, terminal 138, and transistor 134 to line 102
and to secondary winding 46. Such positive or negative directed
‘load or output current through resistor 142 combines with the

10 offset current from current control 150 also through resistor
142, and the voltage developed by the combined current flowing
through resistor 142 is applied at a second input terminal '
190 of comparator amplifier 120, across a resistor 192 and an
EMI filter capacitor 194. 1In control, comparator amplifier 120

15 controls transistor 132 or 134 so that the positive or negative
directed circuit output current (load current) across load 136
is a zero based DC current representative of the current from
the two wire transmitter. The control equation for the

circuit is:

20 (Ioffset * Iload current) R142 = (ITET) R108
Where:
1 =

offset current from current source 150.
offset ]

I ‘positive or nogative directed rrent
load current P nog curre

through resistor 136 as controlled by

25 comparator amplifier 120.
R142 = -resistance vzlue of resistor 142.
ITWT = output current representative of a
paramezer from the two wire
transmitter.
30 R108 = resistance value of resistor 108. .

Hence, where the two wire transmitter provides a 4-20 MA

e

currcent responsive to a condition, this circuitry converts
such 4-20 MA signal to a live zecro 0-22 MA circuit output
current signal across a load such as load resistor 136.

35 Due to the relatively simple design and the minimunm
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nunber of components in circuitry 10 described herein, in one
cmbodiment the entire circuitry may bhe mounted in the cxistent
housing for such a two wire transmitter such as a transmitter
in accord with U.S. Patent 3,646,538, hence, converting

5 such transmitter to such new use casily and incxpensively.
While the instant invention has been described by
reference to scveral preferred cmbodiments, those skilled
in the art recognize that changes in form and detail may
be made without departing from the spirit or scope of the

10 invention.
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WHAT 1S CLAIMED IS:
1. Apparatus coupled to an external power supply and
coupled to a two wire DC current trauémittcr providing a
transmitter circuit signal ranging between a base value and a

normal maximum value, for converting such signal to a DC circuit

(¥

output current signal coupled through an external load wherein
a zero circuit output current is equivalent to the base value
and having:
first current-to-voltage conversion means coupled
to the transmitter for receiving the transmitter
current therefrom and for converting said
transmitter current to a first DC voltage
signal as a function of said transmitter
circuit; '
second current-to-voltage conversion means coupled
to receive thc'cifcuit output current for
converting said circuit cutput current to a
.gecond DC voltage signal as a function of said
circuit output current; '
currdﬁt source means provicing an offset current;
means to connect the current source means with
one of the current-to-veltage conversion
means, whereby the DC vcltage signal of the
.one conversion means is affected by the offset
_ current; and
means for controlling the circuit output current
" responsive to the first and second DC
voltage signals.
2. Apparatus according to Cizim 1 wherein said
means for controlling includes cozparztor means providing
a control signal as a function of the first and second voltage :
signals.
3. Apparatus according to (lazim 1 wherein the
ncans connects the current source mezns to the second current-
to-voltage conversion means.

4. Apparatus according to Clzim 1 further comprising

SUREA D
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isolator means coupled between the exfcrnal power supply and
the two wirc transmitter for providing electrical isolation
therebetween and for ‘powering the transmitter.

5. Apparatus according to Claim 4 wherein the
isolator means further comprises a flyback transformer
means having a primary winding coupled to the power supply
and having a secondary winding coupled to the transmitter
for transferring electrically isolated erergy from the power

supply to the transmitter.
6. Apparatus according to Claim 5 wherein the isolator

means further comprises control means coupled to the primary
winding of the transformer means for controlling the amount
of energy transferred by the transformer means.

7. Apparatus according to Claim 6 wherein the isolation
means further comprises fecdback means coupled from thc secondary
winding of the transformer mcuns to the control means for pro-
viding a fcedback signal to the control mcans for closced loop
control of the encrgy transfer.

8. Apparatus according to Claim 7 wherein
the feedback means further provides clectrical isolation.

9. Apparatus according to Claim 8 wherein the feed-
back means is a light sensitive coupler.

10. Apparatus according to Claim 7 wherein the
control means further ccmprises a transistor coupled to the
primary winding end a pulse width modulator means coupled
to the transistor to control the rate of energy transfer.

11. Apparatus according to Claim 10 wherein the
control means further comprises bridge means coupled to the
pulse width means and coupled to the feedback means for
providing a control signal to the pulse width means responsive
to the feedback means.

12. Apparatus according to Claim 1 wherein said
current source comprises a control amplifier, suid mcuns
connecting the current source to one current-to-voltage conver-
sion means including a bridge circuit connected so that changes

in current through the one current-to-voltage conversion means
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and the offset current both affect the bridge voltage
and said control amplifier controlling the offset current

as a function of bridge voltage.

[£XY

13. Apparatus according to Claim 12 wherein one

5 arm of the bridge circuit includes a voltage reference

"%

element establishing bridge voltage reference.

I




PCT/US81/01309

z8 ==

WO 82/01267

T &8¢ i o4
NQ\J T
—
B/ . \w
27/ WIVR a3aa og M
&&.\J o1 L QA0S M >4
\W e
ogl xo/ .—r b2/ ml s8
e/ _ / 88
[ X 1 oz/ \m _
< 9€/ G g 8o/
M. .H J iy \WQ\. /E— w\h
p L i
g€/ / 2 ¥l opf o8 05— vorvragow |
\ o6/ WA 2SM\DA
o2/ ye 1
CE/
r-4°74 Ze
VQ\ | ,
._\_.T & » _ 95 oy
57 ) o% AN - .
i _ 5 H P T s
3L\ 4 | | b4 4 92 29 L
224 MSNYBA [MN\ N K . ]
UM OMY | " L 5 \—! ‘ |
T =\ 4 !y 'l g9 z BT Mddns
e/ o6 ay 09 Y¥aroa
A k 8€ \ 1




INTERNATIONAL SEARCH REPORT
International Application No PCT/USB 1/0 1309

1. CLASSIFICATION OF SUBJECT MATTER (if several classification symbols apply, indicate all) 3

According to International Patent Classification (IPC) or to both National Classification and IPC

INT, C13 GOSF 1/46
U.S. Cl. 323/271; 363/21 »

H. FIELDS SEARCHED

Minimum Documentation Searched

Classification System [ Classification Symbols

Uu.S. 323/268, 270-272, 275, 280-281, 285
363/18-21, 97, 131

Documentation Searched other than Minimum Documentation
to the Extent that such Documents are Inciuded in the Fields Searched 5

Il. DOCUMENTS CONSIDERED TO BE RELEVANT 14

Category ¢ Citation of Document, 1¢ with indication, where appropriate, of the relevant passages 17 Relevant to Claim No. 18

A us, A, 3,717,858 Published 20 Feb., 1973,
Hadden

APlUS, 4, 4,264,896 Published 28 Apr. 1981,
Sakarya et al. —_—

s |us, &, 3,697,862 Published 10 oct. 1972,
Taylor

A Us,A, 3,864, 623 Publlshed 4 Feb, 1975,
Luce

A Uus,4, 3,735,242 Published 22 May 1973,
Andersen

* Special categories of cited documents: 18

“A" document defining the general state of the art “p" document published prior to the international filing date but
“g” earlier document but published on or after the international on or after the priority date claime
" filing date “T" later document published on or after the international filing

“L* document cited for special reason other than those referred date or priority date and not in conflict with the application,

to in the other categories but cited to understand the principle or theory underlying
e : - the invention
0" document referring to an oral disclosure, use, exhibition or

other means “X" document of particular relevance

IV. CERTIFICATION

Date of the Actual Completion of the International Search 2 , Date of Mailing of this International Search Report 2
. C oL 4
01 December 1981 ] 0 LQEC1Ie6E
International Searching Authority 1 Signatur/eg Auﬁonze%:o
ISA/US Peter S, ¥oig Z;ﬂ_.

Form PCT/ISA/210 {second sheet) (October 1877)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

