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Abstract - The packaging arrangement for auxiliary
relays is stated to significantly affect both the initial and
annual costs of a control system or a relay terminal. The
modular system, COMBIFLEX, is described and shown to be a
cost effective, flexible relay packaging concept applicable to
both static and electromechanical relays and mixtures of the
two. Modules are shown to illustrate both the adaptability of
the system varied physical and operating requirements and the
ability of the system to incorporate state-of-the-art solutions
within the basic packaging concept.

INTRODUCTION

The packagaing details of a modular plug-in auxiliary
relay system having a broad line of auxiliary components can
significantly affect costs in the following areas.

1. Initial costs.

a. Engineering costs.

b. Allocated building costs.

c. Installation costs.
1) Factory/panel builder's costs.
2) Field installation costs.
3) Start-up testing costs.

2. After installation costs.

a.Flexibility and adaptablitity to field modification and
expansion.

b. Adaptability for accepting new concepts and state-of-
the-art solutions in existing packages.

c. Maintenance and rep.acement costs.

d. Spare parts inventory.

This paper will show how the COMBIFLEX system of
modular construction keeps all of these costs to a minimum
while providing a quality of design and workmanship which
assures a high level of performance for the entire life of the
facility.

THE REQUIREMENTS

1. Broad Product Line

Generation, transmission and control terminals contain
many individual relay functions. Some of these functions
such as primary measuring function lend to static relay
designs. Other functions such as interfacing with electri-
cally and physically separated devices lend to electro-
mechanical designs. It is thus desireable that the method of
packaging the various components be compatible with both
static and E-M designs. Most relay terminals must inter-
face with other control and alarm functions. The relay
packaging should preferably provide many of these other
functions as ancillary modules designed as integral parts of
the system.

2. Compactness
The economy of standard designs of substations and auxi-

liary control panels requires that the assigned space for
relaying be minimal yet adequate for a variety of relay and
control schemes, Similar needs exist in non-standard de-
signs when relaying space must be allocated before the full
relaying needs are identified. The relay packaging techni-
que should provide for the needed compactness.
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Flexibility

Upgrading an existing relay terminal frequently poses the
need to fit new relaying gear into a minimum space or
space not originally planned for relaying use. The relay
packaging should be flexible so as to provide a means to
replace an existing relay package completely or in part
with a space efficient design capable of handling the
current and future relaying needs.

Rational Design
To provide the desired flexibility, the functions within a

given module should be at some rational minimum, but not
so few as to result in excessive inter-module wiring.
Considering the very wide range of functions needed for
various relay and control schemes, the packaging should
consist physically of more than one size module with all
sizes being compatible and capable of being intermixed
(such as the 2 x4's and 2 x é's, etc., in the building trades).

Reliable Connections

The number of screw down terminals should be minimized
since they are time-consuming to make especially in the
field and are a potential hazard if not made correctly and
tightened properly. This requirement is emphasized in a
modular design with a large number of available inter-
connections.

High Quality and Workmanship

The reliability of the system to perform its intended
function demands quality in both the packaging system
and the internal designs of the modules.

Factory Assembly
Factory labor costs are generally less than field labor

costs. Thus the packaging should lend itself to sub-
assembly of groups of modules as well as complete pre-
assembly and wiring by panel building shops.

User Assembly
Many relays users are staffed and organized to build their

own relay and control systems, especially those which
require a one of a kind solution. The packaging system
should thus be such that no unusual skill is needed to
assemble a system on site.

Test Features

Another critical factor in upgrading is the needed outage
time for installation testing. The testing features pro-
vided in the relay package should permit safe testing even
when other crews are still on the job site, thus minimizing
total cut-over time.

Maintenance

The techniques required for trouble shooting and replace-
ment of relays and other components should be simplified.
Time required to remove a device and receive a replace-
ment should be minimized. Modules should be sized so it is
cost effective to replace a module rather than repair,
especially repair in the field. Replacement has an added
advantage in that any failure can be evaluated by the
designer thus assuring that each user has the benefit of
every user's experience,




THE SOLUTION -- COMBIFLEX

COMBIFLEX is a modular system for rational mounting
and wiring of relay modules, components, and terminal con-
nections.

" The plug-in modules mount into the terminal bases which
fasten to "apparatus bars." This assembly then f{fits into a
supporting frame which mounts flush on a standard 19" equip-
ment rack. Fig. 1 shows how this can result in a complete
relay terminal built into as 21" high, 19" equipment frame.
Fig. 2 shows the details of assembling COMBIFLEX compo-
nents for 19" rack mounting. The system also includes provi-
sions for mounting the apparatus bars in four different size
cases (Fig. 3) which mount into conventional switchboards and
are compatible with other switchboard mounted equipment.

There are four modules sizes shown in Fig. 4, each keyed
to the mounting hole dimensions. The horizontal basic dimen-
sion is 7 mm (0.27") and is referrred to as "C". The vertical
basic dimension is 44.45 mm (1.75") an this is referred to as
"S" In figure %a, the relay module is a one seat relay
dimensioned 2S x 6C (about 3 1/2" high x 1 5/8" wide). The two
seat relay may be in one of two shapes. Figure 4b shows a
25x12C (3 1/2"x 3 1/4¥") relay module while Fig, 4d is
4S x 6C (7" x 1 5/8"). The four seat relay, Fig. 4c, is dimen-

sioned 4S x 12C (7" x 3 1/2"). This is the largest plug-in module

used in this system. These modules may contain 100 % electro-
nic components, 100 % E-M, or more generally hybrids of the
two. Another size module 45 x 4C, is a shape used for some
relay functions which are 100 % electronic.

Other components which do not plug in, but which bolt
directly to the apparatus bars, conform to the same basic
modular sizes. One such device is the 18 position test switch,
size 45 x 6C, shown as the left module in Fig. 5. Also, Fig. 5
illustrates the basic way these building blocks can be assemb-
led to form complete relay systems,

The bases into which modules insert are shown in Fig. 6.
There are two sizes, a 2 seat and 4 seat. These bases are
assembled in any desired combination on the apparatus bars up
to a 60C (16 1/4" width. The basic vertical spacing of the
apparatus bars is 45 (7"). The apparatus bars then mount in a
supporting frame which is shaped so that when mounted in a
19" rack the front of the assembly is flush with the 19" rack,
Fig. 2.

A total of 20 seats (five, 4 seat bases) can be installed in
a standard 4S x 60C equipment frame for mounting in a 19"
rack. When more seats are desired they can be provided in
additional 4S frames. Thus an entire cubicle can be built up
with the basic size unit. However, when more than 20 seats
are required for an integrated set of functions an 85 or 12S
equipment frame can be provided. Thus up to 60 seats can be
factory wired and delivered as a single 21" unit. This can
permit complete relay terminals to be packaged in one factory
prewired assembly.

When the modules are to be mounted on a switchboard,
the apparatus bars are mounted in the appropriate size case.
Fig. 3 shows the four different size cases designated RHGX
and the additional collar used when semi-flush mounting is
desired.

A front connected RXZ4 base is shown in Fig. 7. This
provides a means for utilizing up to 4 COMBIFLEX modular
seats in an application in which space does not permit a 19"
rack assembly or the making of a panel cut-out for any reason.
This base is available in two versions. One as shown in Fig. 7
with screw terminals and another with COMBIFLEX connec-
tions.

The terminal base provides only the mechanical mount-
ing for the respective modules and the connections. The

electrical connections to the external wiring is made directly
from the male pin of the module to the female socket terminal
crimped to the external wire. Fig. 8 shows this connection
feature without the intervening base. Each pair of module pins
connects to a single circuit within the module. This permits
paralleling circuits without using an additional terminal block.
Even with this dual connection, 16 separate 10 A circuits can
be brought out from a one seat relay module. All voltage, coil,
and contact circuits are made with pin and socket terminals as
used in the relay module shown in Fig. 8. These are all rated
10 A, 150 A for 1 s. The current circuit connectors and test
switch connections are rated 20 A, 350 A for 1 s. Contact
resistance is less than 5 milli-ohms for each rating.

The external lead is physically retained with the termi-
nal base. The socket terminal which is crimped to the wire has
retaining collar. The terminal base has a retaining clip. When
once mated they cannot be separated without the use of a clip
spreading tool, extractor RTXD. This details is shown in Figs.
9a, b, and c.

The retaining clip, shown in Fig. 9d, is located a suffi-
cient distance inside the terminal base so that when a lead is
properly seated there are no exposed live parts. Figs. 9¢ and d
also show how the extractor tool is used.

COMBIFLEX ACCESSORIES

A complete line of electromechanical accessories is
provided in the COMBIFLEX system. Some of these are shown
in Figs. 10, 11, and 12. The accessories shown in Fig. 10 each
mount in a recess in the terminal base. Fig. 9d shows this
recess between two vertical rolls of connection holes.

The accessory labeled RTXK is a current shorting switch
which provides a 20 amp current connection. All relays with a
current input are provided with this device. With the module
removed, the RTXK provides a short cirtcuit between the two
current leads. When inserting the module a guide pin on the
module pushes the spring loaded shorting bar into an open
position. The details of the RTXK are shown in Fig. Il. The
mechanical arrangements result in the short circuit occuring
before the current circuit is opened when withdrawing the
relay and vice versa.

The RTXI shunt connector is a 20 A two terminal
connector without the RTXK shorting switch. All 20 A connec-
tions to a module must go through either this shunt connector
or the shorting switch.

The RTXE component block shown in Fig. 10 mounts in
the recess in the base only as a convenience. This accessory
can be provided with diodes, resistors, or thermistors sealed
within the plastic and terminating in 250 mm (10"} leads with
terminal sockets. They are used for rectification, pickup and
dropout delays.

A variety of connectors is included in the COMBIFLEX
system. The RTXG connector is used for rapid and simple
connection and disconnection of leads and multi-core cables,
for example those between apparatus groups and individual
cubicles. As a rule, the RTXG connector requires less space
than the usual terminal blocks. The connector can be supplied
as a single unit or assembled in blocks of two, four or six units.
Fig. 12 shows the 6 unit RTXG connector suitable for dis-
connecting up to 48 circuits simultaneously.

The RTXC branch connector shown in Fig. 13 is used for
making branch connections with leads. With a number of
branch connectors assembled together, a number of incoming
leads can be joined to a greater number of outgoing leads. In
this manner, the connections between different circuits of an
installation can easily be modified and metering leads can be
connected, etc.



The branch connector has contact clips and silver plated
terminal pins built into a plastic mantle. It is availble with
10 A or 20 A terminals. The 10 A connector is grey and the
20 A connector is transparent.

Up to four socket leads, for example one incoming and
three outgoing, can be connected to the RTXC branch connec-
tor. This is shown in Fig. 13b.

The RTXC component blocks shown in Fig. 14 are
available in block of 20, 40, 60, 80 and 100. These blocks can
be sized to {it almost any space. In approximately the same
panel space occupied by the traditional 12 point screw down
terminal block, the RTXG 100 provides 100 terminals with the
following advantages.

L. Electrical isolation - Internal wiring is connected to one
side of the block and all the field connections are made to the
other side without any exposes electrical connections. )
2. Rapid and reliable connection - This is accomplished by
the socket connection being securly captured by the retaining
clip.

3. P Space savings - About 8 times as many connections can
be made in the space usually occupied by the typical screw
terminal block.

4, Multiple connection - Any number of connections to a
terminal can be accommodated by jumping between individual
RTXC connectors contained in a RTXC 100 connector block.
Detail similar to Fig. 14.

COMBITEST

The test switch Type RTXP 18, shown in Fig. 5. Allows
the testing functions to be related to the total relay package
in a user-oriented manner. The inclusion of the 18 circuit test
switch with associated test plug handle and accessory plugs
provide.

I. A fail-safe sequence of disconnecting trip circuits before
interrupting any signal or control circuit when inserting
the test handle, RTXH 18.

2. A forced hesitation when withdrawing the test handle so
as to reapply signals to allow the relay to stabilize in its
reset postion before restoring the trip circuits.

3. Complete isolation of secondary instrument potential
and/or current transformer circuits from all test voi-
tages. Relay testing can be performed with no hazard to
other installation personnel who might be working on the
primary side.

4. A "trip block" plug RTXB, to decommission a trip circuit
without interrupting other circuits and allowing the trip
output to be monitored. This red plug also provides a
visual indication of a decomissioned trip circuit.

5. A block plug handle, RTXF 18, to block the complete
relay disconnects all circuits routed through the test
switch.

6. A current test probe, RTXM, with built-in automatic
shorting device to prevent inadvertent opening of a CT
circuit.

7. A power tap from the relay auxiliary input power for
operating test equipment such as a timer, contractor,
etc.

Fig. 15a shows the 138 position test swiich with test
handle ready for insertion. On the door of the test switch is
notation identifying the type of contact in each position.
There are 16 standard varations to the test switch contact line
up. However, only one test handle is required for all 16 test
swithches used for testing any protective relay.

Fig. 15b shows one standard contact arrangement. The
symbols are standardized and chosen for ease of association
with the function.

Fig. 16 shows several test plugs and details of how they
provide the desired functions. The flexibility of this system
provides means for testing complete relay system or sub-
systems in addition to the individual modules. The make before

break contacts {(normally used in the current shorting function)
can also be used as an SPDT switch. This permits programming
a change in the relay scheme automatically when the test
handle is inserted. For example, the time delay of a backup
function could be modified when testing the primary protec-
tive relays.

NOTATION SYSTEM

The nomenclature is standardized and readily grasped, e.g.

1. The initial letter, usually R, indicates the responsible
division.

2. The second letter is generally "X", "A" or "T". Most relay
modules are X indicating they fit in the described 2, 2H
or 4 seat bases. "Q" indicates they fit in the recessed
bases used to provide a deeper module and still provide a
uniform front face profile. The letter "A" refers to a
system consisting of COMBIFLEX modules. “T" identifies
COMBITEST component.

3. The next 2 or 3 letters identify the specific function
performed within the module or system.

4. A final number identifies the physical requirement of
seat size, 1, 2, 2H or 4 for the RX modules. For the RG
or RQ and others, the number (030, 040, etc.), indicates
the width of the module in multiples 10 times the C
dimension.

The physical location of a module or even a complete

relay terminal is identified by a 3 digit number which is the

coordinates of the upper left hand (front view) corner of the
device. For example, 101 refers to a device at 5=1
C =013 537 is a device at S = 5, C = 37.

Relay terminal numbers range from 1 to 8 vertically
with a horizontal row number of 1 or 2 preceding. For 2, 2H or
4 seat relay an additional number identifies which of the 4
seats the terminal is located.

A complete terminal designation might be 143:428. This
means the module upper left corner isat S =1 and C = 43, the
terminal is in the 4th seat, 2nd row, 8th (bottom) terminal,
hence terminal :428.

This system of identification expands to i“entify where
in a cubicle the relay is located and even to the location of the
cubicle in a line up.

Thus this system provides for simplified wiring table and
computer drafting, not just for individual relays, but for
complete relay systems which may have components in more
than one cubicle.

CUBICLES

The COMBIFLEX system is applicable to any type of
panel or cubicle. The described identification and terminal
designation system can be utilized in any installation. When
the equipment is installed in a panel with relays of other
makes, the designation of the location of the COMBIFLEX
equipment could follow the users existing system. But once
within the COMBIFLEX assembly, the COMBIFLEX notation
would be utilized. Thus standard wiring tables used in the
manufacture are applicable regardless of the physical details
of a given installation.

The system is compatible with equipment of other manu-
facturers. However, it is often found that the inherent flexib-
lity in the COMBIFLEX modular mounting and wiripg system
becomes increasingly advantageous the more widely the
system is used in the construction of a control on.p{otective
relay scheme, Figure 17 shows a relay cubicle containing ‘all of
protective functions for a large generator. The flexibility of
the system and the functional density is apparent.
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AUXILIARY RELAYS

The COMBIFLEX module sizes and shapes have been
selected to maximize the values in three areas:

1. Users' applications in respect to standardization with
flexibility, high functional density, and low installa-
tion and maintenance costs.

2. Designers' flexibility to provide a large enough com-
ponent to minimize interfacing points with other
modules, yet small enough to facilitate the introduc-
tion of new techniques and materials on continuing
basis.

3. Manufacturer's quality control and efficency.

There are three basic types of relay armatures used in
the COMBIFLEX design. Fig. 18 illustrates the hinged, plun-
ger, and dry-reed designs. The dry reed is conventional for a
reed relay in that the contacts are an integral part of the
armature magnetic circuit. The contacts of the other two
types are physically separate from the armatures. When energ-
ized, the armatures move small distance before mechanically
engaging the moving contact assembly. With this physical
separation, the armature and the moving contacts can each be
designed for optimum performance. The result is low operating
power, 1/3 to 7 watts for most standard types with 1 to 2
watts per seat being a typical value even for multiple contact
relays with up to 15 sets of contacts.

There are also three basic types of contacts; twin or
bifurcated, bridge, and dry-reed. These are also shown in Fig.
19. The contact rating of a relays is greatly influenced by
relay contact bounce when making and breaking the circuit.
Most of these COMBIFLEX relays have very little bounce
which minimizes the flashover time. Thus, they have making
capability considerably beyond one's normal expectations.

RELAYS WITH TWIN CONTACTS

Auxiliary relays used in automatic equipment for control
and regulation and protective relay schemes, must have a very
high degree of contact relaiability even at lower voltages.
Auxiliary relays with twin contacts fulfill this requirement. A
twin contact has two contact elements, with their own contact
springs and each of these makes independent and simultaneous
contact with the corresponding element on the other contact
member. This gives two parallel current paths and greatly
reduces the risk of contact failures. The contact sets have
contact levelers of wear-resistant material with a low coeffi-
cient of expansion. This means that the correct contact force
is always obtained even in contact units containing numerous
contact springs.

The moving contact member is designed to overtravel
and hence wipe a short distance across the fixed member
cleaning the contact point. The contact button is made of pure
silver (99.9 %) and only in highly contaminating atomspheres in
conjunction with low voltage circutis is it necessary to consi-
der other contact material like gold which is optionally
available. Silver sulfide which may form on silver contacts has
a low melting temperature and is reasonably soft allowing
removal by the wiping action.

One result of this design approach is illustrated in Fig.
20. This shows a one seat relay with six bifurcated contacts
and low mass armature. It operates in 3 ms and can make and
carry 30 A for 200 ms with L/R 22 10 ms. The input power is 2
W into the coil and 5 W in a current limiting series resistor.
This relay, designation RXMS 1, can trip six circuit breakers
simultaneously. As will all COMBIFLEX relays one can select
from a wide variety of standard contact arrangements.

Other twin contact type auxiliary relays are listed in
Table 1.

RELAYS WITH BRIDGE CONTACTS

Auxiliary relays which are to be used as tripping relays
or heavy duty operating relays should have high breaking
capacity, good contact reliability and freedom from risk of
contact welding. These qualities are possessed by relays with
bridge contacts.

The bridge contact set has two fixed contact members
and a moving bridge-shaped member. This design with two
breaking points in series gives high breaking capacity.

The moving contact member is designed so that a
considerable sliding motion, (wipe) is obtained between the
contact elements during closing; this increases contact reliab-
lity and provides a mechanical cleaning of the contact buttons.
Bridge contacts are also field reversible.

Fig. 21 shows another hinged armature relay with the
bridge contact construction, designation RXME 1. The main
use of this relay is in heavy duty circuits and where the 2.5 A
interrupting rating (at 125 V in a circuit with L/R up to 40 ms)
is desired. This relay can also be provided with a mechanical
target.

Fig. 22 illustrates the RXMH 2, a two seat relay with
bridge contacts operated by a plunger mechanism. The design
of the plunger magnetic circuit solves a problem common to
all relays with a high ratio of contact rating to coil rating.
Fig. 23a shows that as such a relay moves toward contact
closure, the required force to cause full contact closure
increases faster than the magnetic forces increase as the
armature gap decreases. A conventional solution is to over
power the relay to avoid its stalling part way through the
closing stroke. In the RXMH 2 the magnetic circuit is designed
as shown in Fig. 23a. This provides the force curve shown in
Fig. 23b. The result is a major reduction in operating power, 8
separate heavy duty contact circuits, and only 4 watts input
power to provide an operating time of 50 ms.

In a single cubicle it is possible to mount 10 45 frames,
each with 20 seats, for a total of 200 single seat relays having
as many as 1200 contact circuits or a total of 100 double seat
relays, having as many as 1500 contact circuits. This space-
saving capability of the COMBIFLEX line of relays can create
two unusual problems in cubicles. First, there is a problem in
physically bringing this many wires into one cubicle especially
if terminal blocks are also needed. However, the use of the
RTXC-100 termnal blocks minimizes the space requirements
for external terminations. Second, even with the lower con-
sumpiton of each relay the total input power may exceed that
desired to limit the temperature rise to a reasonable figure
such as 15°C. The self ventilated (VSG) cubicle can handle a
maximum of 250 W for 15°C rise. However, in most control
circuits all relays are not simultaneously energized.

There are also two COMBIFLEX relays which require no
sustained power input. The RXMVE 1 is typical twin contact,
hinged armature relay with a remanence core. Thus, once
picked up by only a pulse of current it requres no substaining
power to keep it closed. The relay is released by momentarily
energizing a second coil to cancel the remanence flux. This
relay is used for its memory action when it is essential to
maintain it in this set position even during a DC input power
failure.

The bridge contact type RXMVB 2 and 4, Fig. 24, are
relays designed for lockout and transfer functions. As such
they require only a pulse of DC input power to set them in
either of two bi-stable states. The 2 seat version has 8 active
contacts; the 4 seat has 14 separate contact circuits.



RELAYS WITH SINGLE CONTACTS (DRY-REED RELAYS)

In certain cases auxiliary relays are used in a highly
corrosive atmosphere or under other conditions where special
contacts are required e.g. for low voltages and currents such
as in automtic control circuits with solid state components.
For such applications, ASEA manufactures auxiliary relays
with built-in special contacts, e.g. dry-reed elements. The dry-
reed element has one fixed and one moving contact of
magnetic material and the tips of the contacts are gold-
plated.

The RXMT 1 is a typical dry-reed relay module contain-
ing two independent relay elements each available with either
a NO or NC contact and with an operating speed of 1 ms.

COMBIFLEX AUXILIARY RELAYS ALSO CONTAIN THE
FOLLOWING USER ADVANTAGES:

A. Most relay modules include a nameplate containing not
only the type designation, catalog number, rating in-
formation but also a schematic showing the coil connec-
tions and the contact arrangement and connections. This
is shown in Fig. 20.

B. All relay modules and accessories contain captive screws
for hazard avoidance and customer convenience.

ASEA Auxiliary and Latching Relays

C. Relay modules are provided with a clear dustproof
polycarbonate cover containing a small opening with
sealing plug for manual operation fo the relay armature.
This enables the user to manually test the relay without
removing the cover.

D.  Optional targets are available with many of the auxiliary
types containing either manual or electrical reset tar-
gets. These targets are protected and visible through the
clear cover.

E.  Standard plug-in accessory blocks are available for con-
venient modification of relay characteristics.

F. COMBIFLEX auxiliary relay are designed for low power
consumption minimizing station battery requirements.

G. Contacts are designed to minimize contact bounce ne-
cessary for long contact life.

H. A broad selection of relays with a wide variety of
standard contacts is available within the COMBIFLEX
design.

A summary of significant parameters of the more frequently
used COMBIFLEX relays is given in Table 1. These relays are
all capable of tripping circuit breakers with the exception of
the reed relay.

Breaking
No. of capacity
Type of Relay targets Max. No of Input Max. power  Operating Continuous at 125 Vdc
contact type Function available contacts consumption time (ms) current L/R 40 ms
Twin RXMM 1| Dual unit relay - 2x3 DC 2x1.6W 40 5A 0.3 A
RXSF 1 Dual target relay 2 2x3 DC 2x1l.6W 40 5A 3A
RXMA | General purpose - 7 AC,DC 11VA,L3W 35 5A SA
RXMA 2 General purpose - 15 DC 3.8W 55 5A 3A
RXMS | High speed (3 ms) - 6 DC 7w 3 4 A 25 A
RXMVE | Latching/Lockout 1 6 DC 2.5W *) 40 5A 3A
(Remanence) b W %)
Bridge RXMH 2 High breaking capacity 1 8 AC,DC 95VA, 4 W 50 i0A 5A
‘ RXME | General purpose (DC) { 4 DC 2 W 30 6 A 2.5 A
RXMK 1 General purpose (AC) 1 b AC 30 VA 15 10A 4 A
RXMVB 2 Latching/Lockout 1 8 AC,DC I3VA,25W 20 10 A 3A
RXMVB 4 Latching/Lockout 1 14 AC,DC I3VA,4W 25 10 A 3A
Single RXMT 1 Dual unit relay - 2xl DC 2x1.7W 1 1A .08 A

High speed (1 ms)

Notes: 1. All twin and bridge relay contacts are capable of closing and carrying 30 A for 200 ms.
2. Faster operating times and time delayed operation available. See application data.

3. Bridge contacts are reversible,

Table 1

*) Pick-up coil
*%) Drop-out coil

Summary of essential parameters of several auxiliary relays.




TIMING RELAYS

The timing relays available in COMBIFLEX cover the
range from milliseconds to days. These are all hybrid relays in
that the timing function is performed electronically, but the
output is always through an E-M multi-contact internal auxi-
liary relay.

Fig. 25 features the printed circuit board in the one seat
timing relay, RXKB 1. The relay includes a dc voltage
stabilizing circuit to assure accurate repeatability of the set
time delay. Time delays from 30 ms to 10 are spanned with 5
models each with 10 to one setting range, i.e. 30-300 ms. Five
different standard dc voltages are also available. The operat-
ing time is determined by the rate at which a capacitor is
charged through a transistor amplifier. When the designed
voltage develops on the capacitor another amplifier switches
on the output relay. This relay has 2 form C contacts rated
5 A continuous, 30 A make and carry for 200 ms 125 V. This
relay is used extensively in breaker failure schemes and has all
of the desired parameters for this application.

Fig 26 shows the RXKE 1 digital time-measuring relay
employing the latest state-of-the-art LSI circuitry for delayed
pick-up operation. The output incorporates two electromecha-
nical relays, each of which has a two-way contact. By using
two separate relays, the voltage-withstand capability between
the two contact groups can be held high,

The relay can be set from 20 ms to 99 s by selecting the

proper scale constant (1 ms, 10 ms, 0.1's, and [ s) and a scale
value which can be set between 01 and 99. The product of the

ASEA Timing Relays - Technical Data

scale constant and the set scale value corresponds to the pick-
up delay of the relay.

For the majority of applications, the RXKE 1 can replace
the RXKB | time-lag relay. In addition, these relays have
identical terminal designations and are therefore interchange-
able without necessitating any changes in the connections on
the terminal base in which the relay is mounted.

Fig. 27 shows the RXKC 2H relay in a 2H sized module
which has a dropout time delay characteristic. Each model of
this relay is also ~=ttable over a 10/] range from 60 ms to 20
s. Timing accuracy is better than 1/2 % of highest scale value.
No additional allowance need be made for an impulse margin
even though this is a dropout time delay relay. The relay
requires no auxiliary voltage during the time out period. The
output relay is of the remanence type and will remain stable in
either position until pulsed to switch over. The operative pulse
is derived from a charged capacitor switched at the set time
by a thyristor circuit.

The RXKD 2H timing relay is shown in Fig. 28. This relay
is unique in that the three models span the range from 3/4 s to
120 h, viz. 3/4's to 120's, 3/4 min. to 120 min. and 3/4 h to
120 h. The setting error is less than 3 % and once set the
repeatability is less than + 0.2 %. These accuracies are achie-
ved by using a crystal controlled clock internal to the relay
with associated electronic counting circuits. This state-of-the-
art relay has E-M outputs. One single form C contact operates
at the initiation of the timing cycle and two form C on a
second output relay operate after the set time.

Table 2 summarizes these and other frequently used timing
relays.

Type PU or Static or Input Time-lag Total re- Dispersion in Setting & Contacts
DO el.mech. scales setting the operating graduation
delay design time time 1) errors 1)

RXKB | PU Static DC 30-300 ms 15 ms +0.5 % +2 % 2 two-way
60-600 ms
0.1-1s
0.3-3 s
1-10s

RXKE 1 PU Static DC 20 ms-99 s <20 ms < 0.7-0.01 % < 0.3 % of set 2 two-way

Dependent on time + 2 ms
scale setting

RXKT 2 PU Static DC 0.2-2 s 0.06 s +1 % 2% 2 two-way
1-10s
6-60 s
0.05-5 min

RXKC2H DO Static DC 60-600 ms *) <+0.5 % 3% 2 two-way
0.3-3s
2-20's

RXKD2H PU Static DC 0.75-120 s £+0.2 % £3% 2 two-way &
0.75-120 min  *¥) 1 two-way
0.75-120 h instant.

RXKP 2 PU ElLmech. AC 0.3-6s 0.015s +1 % <+l % 2 two-way &
3-60 s 1 instant.
0.3-6 min

2) 3-60 min

0.3-6 h
3-60 h

1) On highest scale setting
2) All scales on the same relay

*) 5-100 ms before operation
50-180 ms after operation

*#%) £ 20 ms before operation
€ 45 ms after operation

Dependent on scale setting

Table 2 Summary of essential parameters of several timing relays.



PROTECTIVE RELAYS

Protective relays, to fit practically any users need, are
provided with the COMBIFLEX modular approach. These are
not discused in this paper. However, to illustrate the capabi-
lity of the system to efficiently accomodate state-of-the-art
designs, Fig. 29 shows the distance relay RAZFE. Fig. 29
demonstrates the capability of the fully electronic modules
and conventional E-M modules.

OTHER MODULE FUNCTIONS

SIGNALLING DEVICES

Signalling devices such as the RXSK 2H shown in Fig. 29,
position 937, is a 10 position indicator electrically reset. Each
indicator has associated with it a small circuit board relay for
remote signalling or data logging. These indicators monitor
various operational aspects of the relay. They are used in
other applications for variety of purposes.

Another COMBIFLEX signalling device is the RXSP |
which has four flags in a one seat module. The RXSF 1
contains two flags mechnically operated by two relays, each
unit has 3 electrically indpendent contacts. These are shown in
Fig. 30. Coils for these devices are available in all standard
voltages and several current ranges to provide for shunt or
series connection. Other signalling devices include flashing
light relays, delayed outputs and complete annunciator system.

COUNTERS

Counters type RXTNF I, RXTNG | and RXTNH 1| are
DC operated and used in connection with auto-reclosing of
circuit breakers to record the number of reclosings, in protec-
tive relays to register the number of operations etc. RTXNI 2
is AC operated and may be used to record the duration for
which a protective relays is connected for operation.

COMPONENT MODULES

Another series of COMBIFLEX modules contain indivi-
dual components or ancilliary circuits. These consists of
capacitors, resistors, diodes, and silicon bridges. Up to 8
resistors or diodes with separte terminals can be provided in a
one seat module. Combinations of resistors and capacitors are
also available. One such unit is the RXTCB | impulse storing
network. When connected in parallell with an RXMS 1 relay
coil a pulse as short as 1/2 ms will cause the relay to operate
and close its contacts. Fig. 31 shows several of these modules.

CONTROL PACKAGES

This paper has shown that COMBIFLEX includes a comp-
lete line of functional modules. These are assembled into a
system to meet substatially any need a user may have. The
packages can be factory designed and assembled or they can
be made up by the user. In addition to the basic relays
described these packages can include other ancillary compo-
nents which have been designed to fit this modular system,
Fig. 32 shows one such packaged system, the RAAAK reclosing
relay. This seat assembly, size 4S x 30C (7" x 8 1/4") provides
a selector switch for selecting the operation, single phase or 3
phase reclosing, each with adjustable dead time, blocking
interlock with manual reclosing, and an operation counter
register.

THE CONCLUSION - ECONOMIC ADVANTAGES

The economics of standard designs are well recognized.
These are frequently limited by a certain amount of non-
standard requirements at any given installation. The COMBI-
FLEX system has considereable flexibility while still maintain-
ing a standardized approach. This should favorably impact on
the cost of both new substations and retrofiting existing
stations.

The panel space required by the COMBIFLEX auxiliary
relay system is 1/3 to 1/4 of that required by molded case
versions. Up to 40 relay functions and 120 contact outputs can
be provided in a space 7" high by 19" wide. This compact and
modular design impacts favorably on costs. The lack of any
forseeable obsolescence will reduce future costs when system
requirements change and revisions in COMBIFELX system are
needed.

COMBIFLEX scores favorably in each component in-
stalled labor costs. Rack mounted devices are easier and less
costly to mount as compared to mounting individual molded
case equivalents. Rack mounting does not require the expen-
sive and time consuming process of punching individual cutouts
in steel panels and the broad line of COMBIFLEX components
to select from greatly reduces the need for mounting indivi-
dual devices. Physical mounting effort has been conservativley
estmated at 25 % of former methods.

COMBIFLEX wiring costs is estimated at 20 % of the
traditional screw down connections. The inherent and costly
problems of intermittant connections and the exposed electr-
cial hot points representing physcial and potential hazards to
personnel are eliminated by the COMBIFLEX pin and socket
connection.

COMBIFLEX is faster, easier and less costly to modify
or expand. Steel changes are not normally required and the
associated drafting, engineering, steel and labor costs are
greatly reduced. The modular plug-in design of relays, other
component devices and all the connections provides additional
cost savings in field labor.

Where time is of the essence it is not necessary to wait
for the relays to start assembly. Relay bases which are
available from stock can be mounted and wired in parallel with
relay production. This will enable utilities, switchboard assem~
blers, and the factory to schedule their labor more efficiently
and not be handicapped by the frequent problem of component
device shortages.

COMBIFLEX also offers a flexible and convenient self
storing feature. Spare or future relays can be mounted and
stored in either unfilled or spare rack mounted equipment
frames. The relays and bases can be utilized for future
expansion or replacement purposes.

COMBIFLEX offers a broad product line of auxiliary
relays to select from with a large variety of contact arrange-
ments. Special functions can be accomplished with fewer
relays having more available contacts and optional features.
The COMBIFLEX system is not limited to mounting just
electromechanical relays but can accommodate a wide variety
of electrical apparatus including timing relays, signalling and
target relays, current, voltage, power and impedance relays,
and other protective relays, and functional packages.

Another cost savings is evident in the continuous power
consumption and station battery requirements as compared to
other traditional designs.




Special one of a kind solutions can be economically
created by the user without requiring any unusual skills. The
quality embodied in the concept and of the design plus well
conceived manufacturing procedures assures the modular
approach can significantly reduce the time and expense to
jocate and clear trouble.

The COMBIFLEX system is about 12 years old and is the
out growth of a former plug-in system introduced over 50
years ago and still in service, COMBIFLEX is in service world
wide with extensive installation in the tropics and desert
areas, as well as northern latitudes of U.S. and Europe. The
system meets all ANSI standards and IEC standards which are
frequently more severe than ANSIL Seismic vibration testing
according to ANSI standard C37.98 has been performed and
the evaluation of fragility levels for the COMBIFLEX relays
and components is available upon request.

FIGURE INDEX

Fig. 1. A relay terminal built of modular components.

Fig. 2. Method of assembling COMBIFLEX components for
19" rack mounting.

Fig. 3. COMBIFLEX cases used for switchboard mounting.

Fig. 4. The 4 basic plug-in module sizes and shapes.

Fig. 5. A relay package of static and E-M plug-in modules
and test switch.

Fig. 6.  The 2 basic plug-in base sizes.
a) 2 seat base.
b) & seat base.

Fig. 7. The front connected base, use without a panel cut-
out.

Fig. 8. External wiring connects directly to relay without
intervening connection in base.

Fig. 9. Lead retention clip details and view of rear of
terminal base.

Fig. 10. Accessories which mount in a recess in rear of base.

Fig. 11. Current short circuiting connector, RTXK.

Fig. 12. COMBIFLEX connector, RTXG for 48 circuits.

Fig. 13. Branch connectors RTXC.

Fig 14.
Fig. 15a.

Fig. 15b.

Fig. 16.
Fig. 17.
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Fig. 19.

Fig. 20.

Fig. 21.

Fig. 22.
Fig. 23.

Fig. 24.

Fig. 25.
Fig. 26
Fig. 27.

Fig. 28.

Fig. 29.

Fig. 30.
Fig. 31.

Fig. 32.

COMBIFLEX, RTXC connector blocks.
COMBITEST test switch and test handle.

Typical in RTXP 18 test

switch.

contact arrangement

Other COMBITEST details.’

A typical generator protection package occupies
fess than one VSG cubicle.

Auxiliary relays have 3 basic armature designs.
Auxiliary relays have 3 basic contact designs.

A 3 ms, 6 contact relay suitable for breaker
tripping, type RXMS 1.

An 8 circuit, bridge type contact relay, type
RXME 1.

A 2 seat plunger type armature relay, type RXMH 2.
Design and performance of plunger type relay.

Lockout relay RXMVB with two stable .positions
maintained magnetically.

Static timing relay RXKB 1.
Static timing relay RXKE I.
Static timing relay RXKC 2H.

Static timing relay RXKD 2H covers from 3/4 s to
120 h in 3 models.

A state-of-the-art transmission line relay,
RAZFE in COMBIFLEX.

type

Signalling relay, type RXSF 1.
Plug-in accessory components.
A typical control package illustrating COMBIFLEX

compactness in a flexible, 1 shot reclosing system,
RAAAK.
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Fig. 4. The 4 basic plug-in module sizes and shapes.

Supporting fram
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Door with window

Fig. 2. Method of assembling COMBIFLEX components for
19" rack mounting.
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Fig. 5. A relay package of static and E-M plug-in modules
and test switch.

a) 2 seat base b) 4 seat base

Fig. 6. The 2 basic plug-in base sizes.

Fig. 3. COMBIFLEX cases used for switchboard mounting.
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Fig. 7. The front connected base, use without a panel cut-out.

Fig. 10. Accessories which mount in a recess in rear of base.

Lurrent- Terminal
" . measuri base
Fig. 8. External wiring connects directly to relay without ap,,,,,f,']sg

intervening connection in base. /
| .
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a) transformer
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b) Fig. 11. Current short circuiting connector, RTXK.

c)

d)

Fig. 9. Lead retention clip details and view of rear of Fig. 12. COMBIFLEX connector, RTXG for 48 circuits.

terminal base.
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Test-plug handle RTXH 18

Test-plug handle includes:

Test switch includes:

Contacts for current circuits

NORMAL POSITIONS
Current
trans-
former
e
By- A
passing
bar be-
tween
two B
contact
blocks

Loose plugs

The ammeter test plug RTXM is used separately
for service current measurement. It incorporates
an overvoltage protection consisting of a gas
tube. An arc occurs at approx. 300 V and short
circuits the current if this is opened by mistake
or if the plug is inserted in the test switch with-
out an ammeter connected to the plug. A bi-
metal contact is heated up by the arc and takes
over the short circuiting.

@ > W |

To Trip
coil

The trip-block plug RTXB is short and is used
separately for blocking trip circuits. It can also

be used for measurement purposes in trip circuits,
The plug is red to draw attention to the fact that
blocking has been carried out. The door of the
COMBIFLEX equipment frame can be closed
while the plug remains inserted in the test switch.

B

From output
tripping relay

Fig. 16. Other COMBITEST details.

2 plug pins for +and —~ located at the top
and bottom of the test plug handle, Used
for supply of dc voltage to the test equip-
ment. This pin does not open any contacts.

16 test plugs fitted in all remaining spaces
in the test-plug handle. These isolate both
types of contacts i.e., those having a
contact tip near the front of the test
switch, intended for trip circuits, and
those with a contact tip further inside,
intended for current and voltage circuits,

Contacts for trip circuits

TEST POSITIONS
Test
plug A
A
y’ // L]
Source
of B
Relay test Relay
coil current A coil
L]
B
Current testing of relay.
Ammeter
test plug
To am
meter
Relay
coil ?;'IHV
B
Load current measurement .
Trip-block
plug A
Connection
for mea-
suring
equipment B

Interruption or blocking of a d¢ circuit or
for time mcasurement of trip pulses ctc.
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a)

b)
One terminal can accommodate one in-

coming and three outgoing leads, two terminais

one incoming and five outgoing, etc.
Fig. 13. Branch connectors RTXC. . .

Fig. 17. A typical generator protection package occupies
less than one VSG cubicle.
Fig 14. COMBIFLEX, RTXC connector blocks.

Fig. 18. Auxiliary relays have 3 basic armature designs.

GG

Fig. 15a. COMBITEST test switch and test handle.

—

Fig. 19. Auxiliary relays have 3 basic contact designs.

Fig. 15b. Typical contact arrangement in RTXP 18 test
switch.
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Fig. 20. A 3 ms, 6 contact Fig. 21. An 8 circuit, bridge
relay suitable for breaker type contact relay,
tripping, type RXMS I. type RXME 1.

Fig. 24. Lockout relay RXMVB with two stable positions
maintained magnetically.

Fig. 22. A 2 seat plunger type armature relay,
type RXMH 2.

Fig. 25, Static timing relay Fig. 26. Static timing relay
RXKB 1. RXKE 1.
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Fig. 27. Static timing relay Fig. 28. Static timing relay.

a) by RXKC 2H. RXKD 2H covers from 3/4 s .
to 120 h in 3 models. y
Fig. 23. Design and performance of plunger type relay. et
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Fig. 29. A state-of-the-art transmission line relay, type
RAZFE in COMBIFLEX.

Fig. 31. Plug-in accessory components.

Fig. 30. Signalling relay, type RXSF 1.

Fig. 32. A typical control package illustrating COMBIFLEX
compactness in a flexible, 1 shot reclosing system,
RAAAK.
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