SECTION VI

CONTACTS

General

The AF, AG, AJ, AK, AL, and AM relays
are eguipped with twin palladium contacts.
A recent development has been the addition
of a 0.00l1-inch gold overlay to this palla-
dium surface. The actuation of the con-
tacts has been designed to provide long
life and reliable performance, The design
objectives that have been attained are as
follows:

1. One size and kind of contact - palla-
dium, with gold overlay

Lower contact force

Reduced open contacts

No contact locking

Lower rate of contact bridging

oUW

Reduced contact erosion because of:
a. faster opening of contacts
b. decreased contact chatter

¢c. less contact activation from
organic vapors, because of in-
dividual contact covers and the
elimination of frame covers.

The objective has been to obtalin mini-
mum annual overall charges, taking into
account first cost and annual maintenance
charges. A considerable reduction in the
first cost of contacts and contact protec-
tion has been attained.

Contacts and Contact Welding

Fig. VI-1 shows the construction of
the contacts. The twin-wlire contacts con-
sigt of a palladium tape, 0.009-inch thick,
spot-welded to the tips of the twin wires.
The twin-wire contacts have a thin 22K gold
overlay to reduce the development of poly-
mer on the contacts. The diagram of the
welding circult is shown in Fig, VI-2. The
capacitor C 1s charged by a power supply to
a predetermined voltage and then dis-
charged through the primary of the welding
transformer T. This causes a low-voltage
surge which produces the weld., The con-
tacts are sheared to length and then formed
to a eylindrical shape to provide greater
contact reliability.
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The stationary single-wire contact is
made of duplex or triplex tape, consisting
of a nickel silver strip with a 0.009-inch
thick strip of palladium welded to either
or both sides of the nickel silver. The
gsingle contact is equipped with the palla-
dium strip only on the side where a mating
twin-wire contact is provided. The single
contact 1s butt-welded to the end of the
gsingle wire by percussive welding. Spot
welding did not appear to be the best
method of welding the contact to the end
of the single wire, due to the need to
grip the wires with heavy welding elec-
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Fig. VI-1 - AF, AG, and AJ Relay Contacts

trodes in the limited space directly
behind the contacts. The percussive weld-
ing process permits one of the electrodes
to be placed near the wiring end of the
wire spring without developing excessive
heating in the wire. It also permits

the accurate positioning of the contacts
needed to control the point of contact
closure on the assembled relay.

Fig. VI-3 shows the diagram of the
percussive welding circuit. The capacitor
C is charged by means of a direct current
power supply, and the capacitor voltage
also appears on the stationary single-
contact wire, The other side of the capa-
citor is connected to the single contact.
As the contact to be welded is moved
toward the end of the wire, the capacitor
discharges, forming an arc which melts
the abutting surfaces of the contact and
wire. The parts are held together during
a brief cooling period as the weld is com-
pleted. A small resistor R 1s used in
geries with the discharge circuit to limit
the current and control the arcing period.
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Fig, VI-2 - Welding Diagram - Twin Contacts
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Fig. VI-3 - Welding Diagram -
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Although percussive welding is more
suitable for the single-wire contacts
welded in the factory, the necessary re-
placement of both single and twin contacts
in the field is made by spot welding using
the standard field welding equipment pro-
vided with suitable elgctrodes. A special
shaped palladium contact with a gold over-
lay will be used to facilitate spot weld-
ing to the single wire, and individual con-
tact adjustment for the final position of
the contacts may be necessary.

Contact Actuation

The Mift-of £" type of contact actua-
tion 1s used to facilitate spot welding
to a single wire. With this type of actua-
tion, which is also used on the UB relay,
the moving springs are at all times in
tension, exerting a force either against
the single contact or the moving card.
For both make and break contacts, the
contact is opened by "lifting off" a
moving contact from a stationary contact
by the moving card. The chief advantage
of this type of actuation is that a common
card force 1g available for use in open-
ing any contact tending to lock. It also
has a secondary advantage in that the
reduced vibration of the moving wires
causes a reduction in contact chatter.
The "lift-off" type of contact actuation
results in a small amount of contact
slide or relative motion between the
moving and fixed contacts.

Contact Dimensions

The dimensions of the wire spring
relay contacts are:

Twin single
contact contact
inch
Width 0.030(ea) 0.073
Length 0.042 0.042
Thickness 0.009 0.009
Radius of
Surface 0.115
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Contact Capability

General

The size'of the contacts for the wire-
spring relays was determined by the follow-
ing factors:

1. Expected life from unprotected and
protected contacts

2, Cost of metal and contact protection

3. Cost of replacing contacts having
less than a 4O-year life.

Consideration of the above factors led to
the adoptlion of a contact with an average
erodible volume of about 20 x 10-6 cubic -
inches, and with a total volume of 56 x 1076
cublic inches. This contact has an erodible
volume about one half that of the present
bimetal palladium contact of the U relay.
Tests have indicated that the size of con-
tact on the wire spring relay equals, at
least, the capability of the bimetal U
relay contact because of the reduced chatter
and greater speed of contact opening.

Unprotected Contacts

Table VI-1 shows, in terms of permis-
sible number of operations, the capability
of unprotected wire spring relay contacts
for a range of typical wire spring, U,

UB, and multicontact relay loads with short
and long leads where the contact breaks,

or both makes and breaks, the contact load.
Contacts that only make the load do not
require contact protection, because there:
is so little contact chatter on closure.
The estimates in this table are for load
relays with low stop discs only. Load
relays with high stop discs dissipate a
somewhat greater energy on the contacts
which control such loads. The estimates

in Table VI-1 should be reduced by 20 per-
cent in the case of load relays with the
higher stop discs.

The estimates in Table VI-1 are based
on the capablility curves for U relay con-
tacts (erodible volume of 42 x 107° cubic
inches), because limited tests indicate that
the erosion rate on wire spring relay con-
tacts is about one half that of U relay
contacts.

Contact bridging has been observed
on unprotected wire spring contact tests.
It occurs when contact bulldups become
large enough to bridge the contact gap.

Where trouble-free contact operation
is necessary and contact bridging must be
avoided for any particular circuit applica-
tion, contact protection should be speci-
fied when relay operations exceed the
following limits, except for make-contacts
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which only close the circuilt.

Normally Normally
Open Closed
Load Contacts Contacts
Resistance (Makes) (Breaks)
ohms operations
LOC or less 2,000,000 500,000
over 400 2,000,000 2,000,000

When trouble-free operation 1s not
reqguired, protection should be provided
only when the relay operations exceed
those on Table VI-1.

In general, load currents should
not exceed 0.5 ampere on unprotected con-
tacts.

Protected Contacts

Contact protection should be pro-
vided under the following conditions:

1. When the number of operations on a
particular circuit application ex-
ceedsg the limits of unprotected con-
tacts.

2. TWhen circuit conditions require
trouble-free operation from contact
bridging under conditions described
in the preceding paragraph.

In general, load currents should not
exceed 0.5 ampere on protected contacts.

Contact Protection

The contact 1life of
tact, with a steady state
more than 0.5 ampere, has
be 1.5 billion operations.

a protected con-
current of not
been assumed to

Two different contact protection
networks have been standardized for use
in the No. 5 crossbar system and the AMA
system. They are:

1854 network 0.11 mf in series with 470w
186A network 0.3 mf in series with 120w

Under extremesof aging, heating, etc,
the resistances may vary through ranges of
335 to 605 ohms for the 470-ohm resistor
and 93 to 147 ohms for the 120-ohm resistor.

Fig. VI-4 illustrates these networks.
Ordinarily, the networks will be mounted
by their leads behind the load relay on
the wiring side of the frame., They con-
sist of a capacitor, wound with a newly
developed plastic dilelectric, and a car-

bon composition resistor connected in series.

The capacitor i1s wound over a metal tube
which serves as a housing for the resistor
and as a connection between one end of the
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capacitor and one end of the resistor,
The capacitor is connected to the screw
end of the unit. The networks are coated
with an insulating finigh obtained by
dipping in gray lacquer.
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Fig. VI-4 - Protection Networks

The dimensions of the two networks

are:
850 186a
inches
Length 1-3/8 1-7/8
Diameter 7/16 17/32

The 185A and 186A networks were de-
signed primarily for use with single relay
loads. Both units are rated at a maximum
working wvoltage of 350 volts.

The 185A network is intended for use
on single=-load relays with a resistance of
270 ohms and higher., In general, single
relay loads of less than 270-ohm resist-
ance, or multiple -relay loads, require the
use of the 186A network. Particularly
heavy loads may require the use of a net-
work with a higher capacity.

Methiod of Determining the ILife of

Unprotected Contacts

for wire

the determin-
load and the
are within

Engineering of contacts
spring relays involves first,
ation of whether a particular
number of required operations
the capability of unprotected contacts,
and second, the determination of a contact
protection when the contact requirements
exceed the capablility of the unprotected
contacts.

Table VIi-1 gives life estimates, in
millions of operations, for a range of AF,
AJ, and U or UB relay loads where the con-=
tact breaks or makes and breaks the load.
Fig. VI-5, from which the estimates were
obtained, shows the capability of wire
spring relay contacts in terms of opera-~
tions plotted as a function of energy and
current of the contact load (J+.1I). The
abscissa of this figure is the arithmetical
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sum of the energy in millijoules and one
tenth of the current in milliamperes. The
ordinate scale ghows the life in mlllions
of operations. The two curves, for short
and long leads, are based on the results
of laboratory tests of a number of various
loads. In evaluating the results of the
life tests, i1t has been found that by com-
bining the current factor with the energy
factor, and plotting this combined factor
against the life estimates, a relatively
smooth curve ig obtained. Plotting these
data on log-log paper results in two
straight lines, giving life estimates for
short and long leads (less than 20 and more
than 20 feet),

Determining the life for a given load
from the capability curves requires the
determination of three factors: the requir-
ed number of operatlions, the steady-state
current of the load, and the amount of
energy. The first two factors are readily
available, but the energy factor is not,
and requires a separate determination.

The amount of energy (J) is determined in-
directly from peak-voltage measurements
obtained from the discharge of the load
inductance into a large parallel capacity.
After obtaining peak-voltage values for a
given type of apparatus, for varying amounts
of current through the load, the energ

1s calculated from the formula J=0.5C

The results are then plotted in terms of
ampere turns of the load against the corre-
sponding energy in millijoules. The curve
so obtained can be applied to any load
with the same magnetic characteristics;
however, variations in stop-disc height,
fullness of the coll, and the use of
permalloy affect the magnitude of the dis-
sipated energy and therefore result in a
different set of curves for the same type
of apparatus. As an example, Fig. VI-6
and VI-7 show the energy curves for wire-
spring relays for high and low stop dilscs
and for coils of various degrees of full-
ness. The top curves on each drawing are
for colls with a high number of turns,
while the lower curves are for colls with
a low number of turns. Fig, VI-8 shows
the energy curves for U relays.

The energy for various relay loads
has been calculated and is shown in
Table VI-1.

Method of Determining Contact Protection

In designing contact protections,
the values of the capacitance and the
series resistance must be determined.

The function of the capacitance 1s to
limit the rate of voltage rise across the
contact as it opens to a value that will
insure no breakdown of the contact gap.
This requirement will be met, in the case
of the wire spring relay, if the ratio of
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L is less than 2, I being the steady state
durrent of the load relay in amperes and

C the capacitance of the protection con-
denser in microfarads. The capacitance must
also be large enough to limit the peak vol-
tage to 300 volts to prevent air breakdown,
It 1s also necessary to limit the peak
voltage in order not to exceed the voltage
limits of capacitors used in protection
networks. The 185 and 186 networks are
satigfactory up to 350 volts and the 177
networks up to 300 volts.

The peak voltage for any given load
condition of known energy (J) is determined
from J=0.5CVS, solving for the value of C
with V limited to 300 volts. Peak voltages
for a number of commonly used values of
capacitance have been plotted against the
energy in millijoules in Fig. VI-9. The
use of this graph permits direct reading
of “the peak voltages for a given value of
energy with various values of capacitance.
The use of the graph will determine the
choice of a suitable network, or the choice
of an adequate capacitor where the use of
a separate capacitor and a series resistance
becomes necessary.

Usually, adequate protection is ob-
tained by the use of 185A or 186A networks
around each individual relay load. In
the case of parallel loads, however, sub-
stantial design economies can be achieved by
using a single protection for combined
loads. This can be either a single network
or a single capacitor in series with a
resistance. For instance, the 186A network

offers adequate protection for any combina-

tion of loads with a total energy up to
12 millijoules; therefore, the 186A net-
work will be satisfactory for a parallel
combination of 3-wire spring or U relays
as long as thelr combined resistance is
at least 100 ohms and the combined energy
12 millijoules or less. The 185A network
is satisfactory for parallel loads with a
total energy of 5 millijoules or less.

The choice of the resistance in series
with the capacitance is governed by initial
voltage limitations on the break of the con-
tacts and by the requirement of keepilng the
condenser discharge current to a minimum on
contact closure. For these reasons, the
series resistance should ordinarily be
chosen to be approximately equal to the
resistance of the load.

The resistance requirement 1s closely
followed for currents approaching or exceed-
ing 0.5 ampere. For currents in the order
of 0.1 ampere or less, the resistance isg
standardized at 470 ohms.
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Contact Reliability of Wire Spring Relays covers, which enclose only the contact end
of the spring assembly, protect the con-
tacts effectively from external dust.

Wire spring relays are equipped with Fewer contact opens, due to dust, are en-
independent spring actuation; thereby pro- countered on the wire spring relays, even
viding true twin contact action. Detachable with the lower contact forces.

TABLE VI-1

WIRE SPRING RELAY CONTACTS LIFE ESTIMATES N
MILLIONS OF OPERATTIONS FOR UNPROTECTED LOADS ON 50 VOLTS

X-75509

Number of Contact Life in Millions
Turns on Energy in of Operations
Contact Load Coil Millijoules J & .1I Long ILeads¥® Short Leadst
AF, AJ Relays (0.006-inch stop discs)
16w# 1580 4,2 52.2 U 6
270w 2110 1.6 20 10 17
39508 27604 2,2 15.3 14 23
Loow 3330 2.5 15 14 23
500w 8275 6.3 16.3 13 21
‘700w 5050 2.3 9.5 23 39
950w 11850 5.3 10.5 21 34
1625w 15800 4.3 7.4 29 49
2500w 19400 3.6 5.7 4o 67
9100w 34900 2.5 3.2 73 125
U and UB Relays (0,005-inch stop discs)
Loow 5600 5 17.5 12 20
TOOW 9500 4.8 12 18 30
950w 9000 3.7 9 25 o)
1000w 12350 4,5 9.5 23 39
1500w 14600 3.8 7.1 32 52
2500w 18800 3 5 46 75
Multicontact Relay (263 type)
275w 5380 17.2 35 6 10
120w 3460 ol 65 3 5
Multicontact Relay (286 and 287 types) 3
275w 2740 9.2 27 7 12
180w 1820 8.5 35.4 6 9
120w 1320 7 47,4 L 6
Hold Magnets
1570w 15600 5.5 8.5 26 41
1480w 13900 5.3 8.5 26 41
1250w 14000 5.8 9.7 22 36
330w 7500 8.6 25,1 8 14
Select Magnets
600w 11000 3.5 17.5 12 20
240w 6700 25, 45,6 L 7
434+ 2570 19.6 58.6 3 5

For relay loads with high stop discs, reduce above life estimates by 20 percent
Lamp Loads
One ampere steady state current,
¥ Leads over 20 feet
+ Leads lesgs than 20 feet
+ In series with 90-ohm noninductive resistance

§ Nominal voltage 52
Effective turns
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