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INTERNATIONAL STANDARD

ISO 10296:1992(E)

Aircraft — Hybrid remote power controllers — General

requirements

1 Scope

This Intefnational Standard specifies the general
design arld performance requirements of hybrid re-
mote power controllers for aircraft. They consist of
an electromagnetic device or a combined electro-
magnetic[solid-state device for load switching, and
a solid-stpte control circuit for control of the load-
switching|devices.

On aircrdft, remote power controllers are used to
close and open the electrical circuit and to protect
wiring and equipment in the event of overioad or
short-circpit conditions.

The loadiswitching device and solid-states.control
circuit may be mounted in a common enclosure or
may be d|screte inter-connected units.

NOTE 1 [This International Standard-trecognizes the
need to have hybrid units which are)~as far as practical,
interface-compatible with fully solidsstate power control-
lers.

2 Normative references

The folloyving standards contain provisions which,
through rgference in this text, constitute provisions
of this Inferhational Standard. At the time of publi-
cation, th t trreh e
dards are subject to revision, and parties to
agreements based on this International Standard
are encouraged to investigate the possibility of ap-
plying the most recent editions of the standards in-
dicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

ISO 2678:1985, Environmental tests for aircraft
equipment — Insulation resistance and high voltage
tests for electrical equipment.

ISO 7137:1987, Aircraft — Environmental conditions
and test procedures for airborne equipment.

3 Definitions

For the purposes’of this International $tandard, the
following definitions apply.

3.1 remote power controller: Device| providing a
power switch which presents a low impedance to
threflow of current from its supply to its Joad terminal
when in the ON state and a high impedance in the
OFF state.

NOTES
2 The state of the power switch normally conforms to
that represented by the last command sighal applied to

the controller.

3 The controller reverts to the OFF stat¢ on detection
of an electrical overload or other specified condition re-

gardiess of the command signal. A resettin
required to terminate the trip state. Trip-fr
vents the ON state being held in the pi
overload trip condition.

4 The state of the power switch is represe

g operation is
ee action pre-
esence of an

nted by an in-

dication signal supplied from the controller,

5 A remote controller may be fully solid-sfate or hybrid.

ybrid remote power controller: Combination
of an electromagnetic or combined electromag-
netic/solid-state device(s), for load switching, and a
solid-state control circuit.

NOTE 6 The load-switching device and solid-state con-
trol circuit may be mounted in a common enclosure or
may be discrete inter-connected units.

3.3 trip-free: When a controller has tripped open
on overcurrent or on short circuit, a trip-free feature
prevents subsequent reclosure unless preceded by
a reset sequence.
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4 General characteristics

4.1 Materials

Materials shall be used which will enable the con-
trollers to meet the performance requirements of
this International Standard.

Materials used shall not support combustion, give
off noxious gases in harmful quantities, give off
gases in quantities sufficient to cause contamination

Table 1 — Strength of threaded terminals (static
value of pull and torque)

of any part of the—controtet T Ot formeurrent pa:’r‘y‘ing
tracks when gubjected to any of the tests specified
herein.

Unless otheryise specified, the selection of ma-
terials shall be such as to provide a shelf life of
ideally 20 yeafs without affecting the operation of the
controller. Pafts having a significantly shorter life,
such as seals| shall be declared.

4.2 Constryction

Power controllers shall be of design, construction,
minimum mags and physical dimensions compatible
with requiremgents. Controllers shall be designed so
as to ensure ;ﬁ’oper operation when mounted in any
attitude.

The construclion of the controllers shall preclude
mechanical damage, flaking of the finish, loosening
of terminals, ¢r deterioration of marking when sub-
jected to the test methods of this International Stan-
dard.

4.3 Terminals

4.3.1 Main terminals

There are twp acceptable standards of main ter-
minal.

4.31.1 Stud ferminal (threaded)

These termin
crimped-type
flat washer, h

als shallvVaccept connections using
lugs tmade of copper or aluminium. A
Bving. a diameter at least equal to that

of the base of

the terminal. and a self-locking nut or

Thread Force Torque

designation’) N Ibf | Nm | Ibfin
No. 4-40 UNC 22,2 5 0,5 4,4
No. 6-32 UNC 133,4 30 1.1 10
No. 8-32 UNC 155,7 35 2,2 20
No. 10-32 UNF 177,9 40 3,6 32
No—10.24 UNC 17729 40 4 35
1/4-28 UNF 2224 50 8,5 75
5/16-24 UNF 311,4 70 1153 100
3/8-24 UNF 4448 100 16,9 150
7/16-20 UNF 4448 100 16,9 150
1/2-20 UNF 4448 100 16,9 150
1) See ISO 263:1973, ISO inch screw threads |- Gen-
eral plan and selection for screws, bolts and|nuts —
Diameter range 0.06 to_6.if

Each terminal shail have a terminal seat that shall
provide the ngfmial current-conduction path. The di-
ameter of the{seat shall not be less than the area
necessary \{o ensure that the current dengity does
not exceed 1,55 A/mmzA The seat does nof include
the cross-sectional area of the stud.

Stud terminals shall be capable of accommodating
at’ least two crimped-type lugs with hardware as
specified in the detailed specification. A minimum
of one and a half threads shall remain abovg the nut
with all parts tightened in place.

4.3.1.2 Plug-in terminal

Plug-in terminals, where applicable, shall |conform
to the dimensions and requirements necegsary for
proper mating with the associated sockets.

The mounting arrangement of the unit and its cor-
responding socket shall be designed so thdt the en-
tire mass of the unit is suspended and the| stability
of its mounting is provided by an auxiliary thounting
device other than the electrical terminalp of the
socket.

standard nut with suitable locking washer shall be
used on each terminal. Suitable insulation barriers
shall be placed between the terminals in order to
prevent an accidental short circuit. The height and
extent of these barriers shall be sufficient to prevent
the short circuiting of any adjacent terminals
through the presence over these partitions of a flat
conducting part (see also 4.7).

No rotation or other loosening of a terminal, or any
fixed portion of a terminal, shall be caused by ma-
terial flow or shrinkage, or by any mechanical force
(specified in table 1) involved in connection or dis-
connection, throughout the life of the controller.

Electrical and environmental tests shall be per-
formed on the units with the appropriate or specified
socket or connector assembled to the unit.

Plug-in terminals shall be gold plated over an
underplate of nickel plate.

4.3.2 Auxiliary terminals

The auxiliary circuits and control/status connections
may be connected by stud, plug-in or connector ter-
minals to the appropriate specification (see also
4.7).


https://standardsiso.com/api/?name=c37751deb93f94295e0d148226e9b79e

4.4 Enclosures

Enclosures shall be of sufficient mechanical strength
to withstand the requirements of this International
Standard without causing malfunction or distortion
of parts.

Enclosures shall be one of the following forms:
— ventilated explosion-proof,

— hermetically sealed _or

ISO 10296:1992(E)

The units shall be designed to ensure that the es-
sential electrical performance is not jeopardized in
the event of failure of the environmental seal in
service.

4.5 Grounding of enclosures

The mounting shall provide an effective electrical
contact to ground when the unit is mounted as
specified. Alternatively, the enclosure shall be pro-

— envirgnmentally sealed (non-hermetic).

4.41 Ventilated explosion-proof enclosures

Unsealed units shall be totally enclosed for mech-
anical and dust protection and shall be explosion
proof.

4.4.2 Hermetically sealed enclosures

Hermeticplly sealed enclosures shall be constructed
as gas-tight enclosures which have been completely
sealed by fusion of glass or ceramic to metal, or by
welding, prazing or soldering of metal to metal.

Hermeticplly sealed units shall be purged and filled
with a sujitable inert gas of such characteristics that
the Ieaka[ge rate may be determined by conveptional
means. Tlhe fill gas shall have a dew point\at’least
5 °C lowgr than the lowest temperature specified for
the unit.

The unit [shall be filled to an absolute pressure of
(1030 + 0) hPa [(15 + 1) Ib/in%].

The unitq shall be designed 0 ensure that the es-
sential electrical performabce is not jeopardized in
the evenf of failure of the/hermetic seal in service.

4.43 Enyironmentally sealed (non-hermetic)
enclosure[s

vided with—a grounding connection _siyich as a ter-
minal or lug.

The cover shall be rugged in design, qonstructed of
high-impact materials, and seCurely mpunted to the
unit. Metal covers shall be provided With a means
of grounding.

4.6 Installation clearances
Adequate cl€arance shall be provided [for the instal-
lation of{terminals and mounting hargware. Clear-
ance for socket wrenches shall be prqvided, where

appropriate. Special installation tools| shall not be
required.

4.7 Terminal marking

Stud terminal identification shall be|durable and
legibly marked.

4.8 Terminal covers and barriers

The unit shall be provided with adeqiate covering

or separation of terminal parts to prov
against inadvertent shorting, groundin
by personnel. Barriers may be remo
be integral with removable covers.

Terminal covers and barriers shall bs
meet performance requirements appl
unit. The enclosure(s) shall be so d
when the cover is removed, the contr

de protection
g, or contact
able or may

designed 1o
cable to the
esigned that
plier shall be

Environmentally sealed enclosures shall be con-
structed by any means other than that defined under
hermetically sealed enclosures to achieve the de-
gree of seal specified.

Environmentally sealed units shall be purged and
filled with a suitable gas of such characteristics that
the leakage rate may be determined by conventional
means. The fill gas shall have a dew point at least
5 °C lower than the low-temperature rating of the
unit.

The unit shall be filled to an absolute pressure of
(1030 + 70) hPa [(15 + 1) lb/in2].

capable of operating without adjustment.

The cover design shall be such that pressure differ-
entials cannot exist between the inside and outside.

4.9 Mounting

No rotation or other loosening of a stud, or any fixed
portion of a siud, shall be caused by material flow
or shrinkage, or by any mechanical forces (as
specified in table?2) involved in mounting or de-
mounting, throughout the life of the controller.
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——— e ——
Table 2 — Strength of threaded mounting studs l ol
(static value of pull and torque) | | Current I out
n L
Thread size Force Torque I sensor " i ._‘{_—
designation N Ibf N'm | Ibfin | |
No. 4-40 UNC 31,1 7 1.1 10 l l l
No. 6-32 UNC 11,2 25 2 18 | 1 |
No. 8-32 UNC 155,7 35 42 37 Control | | |
No. 10-32 UNF 2224 50 6,8 60 status | Control §
1/4-28 UNF 266,9 60 1,3 100 | B |
5/16-24 UNF 3559 80 181 160 ¥ : |
3/8-24 UNF 511,5 115 31,1 275 ——————— — — -~
7/16-20 UNF 622,8 140 53,7 475
Figure 1 — Diagrammatic illustration of a ftype A

5 Design characteristics

5.1 General

There are twd basic types of hybrid remote power
controller.

511 Type A

For this type, the power switching is carried outonly
by an electronpagnetic device. See figure 1.

A type A control circuit has an output(capable of
switching the associated contactor coil.

51.2 TypeB

For this type| the primary function of the main
contact(s) of the eleetfemagnetic device is to carry
current. The function~of making and breaking {i.e.

switching) the| load current is achieved by a solid-
state switch. Fe—electromagnetic—switch—may—be

hybrid remote power controller

|
|
|
|
"_‘—l">_ Control I
Status circult %

I~ T T 1
| Solld-state |
| [l switch |
; I
| l
In Current - | Out
ST sensor Ml i i
|
|
|
|
|
|

Figure 2 — Diagrammatic illustration of a|type B
hybrid remote power controller

5.2 Design of solid-state control circui

The control circuit of type B devices shall control the
sequence of operation.

creTt ooy

required to break the fault current.) See figure 2.

In type B, the solid-state switching element(s) may
vary impedance to give “soft” switch(es) and
thereby minimize switching transients.

A type B control circuit has an additional output to
operate the solid-state power switch.

Both types A and B use solid-state devices for the
control circuit of the power switch and have many
design features in common.

In the event of a short-circuited electromagnetic
switch coil, neither the control circuit nor the solid-
state switch shall be damaged.

The control circuit shall (if specified), in the case of
three-phase a.c. devices, detect a phase imbalance
greater than a specified value and trip all load
switching devices to OFF.

The control circuit shall detect specified overcur-
rents, including short circuits, and trip the controller
to OFF. A trip-free feature shall be incorporated
which requires a subsequent resetting action to re-
close.
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5.3 Design of solid-state switch

A solid-state switch for a type B controller shall be
capable of making, breaking and carrying the maxi-
mum overload current, including a short-circuit cur-
rent, and function so as to minimize arcing of the
electromechanical switch under fault-current con-
ditions.

5.4 Design of electromagnetic switch

ISO 10296:1992(E)

5.6 Status signal

Status signals for type A and B controllers shall be
derived from the physical position of the main con-
tacts. In the case of type B controllers this shall also
incorporate a status signal derived from the solid-

state switch.

The following status signal shall be provided:

a) power switch ON or OFF.

5.4.1 Typge A controller

The electfomagnetic switch shall be fully specified
in terms of its performance by its related controller
specificat|on.

5.4.2 Type B controller

The elecfromagnetic switch shall be designed in
conjunctign with a solid-state device to optimize the
performanpce of the wunit. In addition, this
electromdgnetic switch shall be fully specified in
terms of |its individual performance by its related
specificatfon.

5.5 Control signal

Each confroller shall be designed to operate from
one of thg following types of input signal.

a) 28 V d|c. nominal voltage.

b) Grounfded controller input to switch controller to
ON. In the ON state, the impedance seen by the
input ¢ontrol shall not exceed 600,

c) Logic |evel signal for interfacing/to a control bus
(TTL dr CMOS).

d) Impedpnce control multiplexed with status and
BITE.

e) Maximjum soufce' of 10 mA at 1V to 12V to
switch| contreifer to ON. [This allows compati-
bility with<eXisting residual current operated cir-
cuit-brleakers (RCCBs).]

The following additional signals are reg
b) controller tripped (external fault;

c) controller fault (internalfauit).

In the case of type B controllers, the p{

ommended:

psition of the

electromagnetic switch contacts shoujd represent

the correct state «0f_the switch within
time error of 104ms, allowing for ope
solid-state switch sequence.

6 Operating characteristics

6:4¢ General

All controllers shall function satisfacto
full specified range of applied electrica

a maximum
ration of the

rily over the
| and mech-

anical steady-state and transient condiffions.

6.2 Timing sequence

The timing sequence shall be as given

NOTES

in figure 3.

tial fault con-

7 Type B may be equipped with the ca;Eability of in-

terrogating the load so that under a pote
dition a trip-free operation occurs with
switch; the contactor is not then energized.

8 Type B may be equipped with a current
bility.

e solid-state

Hlimiting capa-

9 Type B may have a controlled rate ¢f rise of im-

pedance.
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Closing Opening
Closed :
low impedance
Dpen:
high Impedance Time
Control Contacts Control Contacts
signal close signal open
ON OFF
a) Type A - Baslc switching sequence
Opening Closing
Very low Impedance
Low Impedance
Open:
high Impedance Time
Control  Solid= Contactor Control Contactor Solld-
signal  state contacts signal contacts state
ON switch close OFF open switch
closes opens
b) Type B - Basic switching sequence
Figure 3 — Timing sequence diagram
6.3 Trip characteristics 6.3.2 Under-voltage conditions
Controllers shall not trip but may open_when sub-

6.3.1 Overcurrent trip

The prime requirement is to protect the system wir-
ing and the controller itself from a damaging fault
current.

A secondary requirement is to protect the system
wiring from sustained overcurrent whilst enabling
valid short-term overcurrents such as motor-starting
currents and lamp surges.

jected to transients as specified in ISO 7137.

6.4 Electrical characteristics

Hybrid controllers shall be capable of making,
carrying and breaking all values of load current up
to the rated short-circuit fault level.

In the case of type B controllers, the solid-state
switch shall be sequenced to enable it to make and
break values of load current and up to a specified
fault-current level. Above this level the current may
be interrupted by the electromagnetic contactor.
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These features shall be tested and declared by the
manufacturer. OFF-state leakage shall be minimized
and shall not exceed 1 mA.

Controllers shall be self protecting with respect to
rated short circuits and shall incorporate sup-
pression for operating coil voltage spikes. Semicon-
ductor devices shall be adequately protected from
controller-generated and external voltage tran-
sients.

Controllers shall, as a minimum requirement, pro-

ISO 10296:1992(E)

The following measurements shall be taken:

a) between the power terminals and the earth, with
the controller closed;

b) between the power terminals and the earth, with
the controller open;

c) between the power terminals, with the controller
open;

d) _bhetween the power terminals and the

tect their[associated connecting cables from dam-
age. Table 3 gives cable rating correlations for test
purposes

Table 3| — Controller rating and associated wire
size for testing

Contl.'oller Wire Corresponding
rating gauge (AWG)
Number Strand
of strands diameter,
A mm min.
5 19 0,12 24
7,5; 14 19 0,15 22
15 19 0,2 20
20 19 0,3 16
25 37 0,25 14
35; 40 37 0,32 12

Higher rajed units shall be connected for test.so that
there is np significant heat transfer between the unit
under tes} and the test connection and.conductors.

6.41 Nopminal voltages

The contrpller may be used on-gither of the following
aircraft systems:

— 28 V d|c. or rectified;

— 115V p.c./400-HZ (between phase and neutral).

6.4.2 Nopinal ratings (resistive load)

control/status terminals.
6.4.4 Insulation resistance

Tests shall be carried out at' 500 V d.c.

The insulation resistance“shall be

100 MQ) at all ‘authorized temperatyre extremes
at ground leyel;

20 MQ G@hall authorized temperatyre extremes
at maximum altitude.

Any dimitations due to the use of semiconductors
shall be declared.

6.4.5 Endurance
6.4.5.1 Controllers
Endurance tests for controllers shall b¢ carried out

at ground level and laboratory temperature, as
specified in table 4.

Table 4 — Endurance tests for controllers

Number of operations to pbe completed

Load! 28 Vd.c. 115|V a.c/400 Hz

Type A Type B Typge A Type B

0,1 A, resistive 56 000 200 000 50 00 200 000
NRC, resistive 50 000 200 000 50 (oo 200 000

Nominal ratings shall be as given below, in am-
peres:

5; 7,5; 10; 15; 20; 25; 35; 40; 50; 100; 150; 250; 275;
350.

6.4.3 Dielectric strength

Tests shall be carried out in accordance with
ISO 2678.

Any restrictions arising from the semiconductors
shall be declared.

NRC, inductive

with /R = 0,005 25 000 200 000 25 000 200 000

Motor load 25000 | 200000 | 25000 | 200 00O

Lamp load 25 000 200 000 25 000 200 000

1) NRC = Normal rated current

6.4.5.2 Circuit breakers

Endurance tests for circuit breakers shall be carried
out as specified in table 5.
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Table 5 — Endurance tests for circuit breakers

Under all conditions of operation, the actual nominal
trip characteristic shall be within 4+ 15 % of the

6.4.6 Contac{ voltage drop

The voltage dfop values, measured at the appropri-
ate terminal wlith rated load current and voltage, and
based on a mean of five successive measurements,
shall not excepd the values given in table 6.

Table 6 — Contact voltage drop

Voltage drop, mV

Terminals | Rafed current strength . After
Initial endurance

tests

Main con- | Satpe rating as

- specified values.
Number of operations to be
completed The tests conditions shall meet the requirements of
28 Vd.c. 115V a.c./400 Hz
Load" Operations?) f table 7.
Type Type Type Type
A B A B Table 7 — Trip characteristics
Current . A
co 15 100 15 100 (as % Maximum trip times over temperature range
> —55°Cto +70°C
10 NRC rating)
i) U 1 UUU U T UUU
100 No trip
CO 5 10 5 10
20 NRC 115 Trip in less than 5 min
DCO 20 100 20 100
150 Trip in less than 20 s
CO 2 5 2 5
30 NRC 200 Trip in less than 3"s
DCO 10 50 10 50
500 Trip in lessthan 0,7 s
1) NRC = Nortpal rated current (resistive)
2) CO = Fault fapplied with controlier previously closed 1 000 Trip inJéss than 0,15 s 1
OCO = Controljer establishes the fauit by switching to ON, 1) This must include non-resettable opening timg of the
followed by a sglf-tripping action contactor

6.4.8 Breaking capacity

The prospective currents are those which would be
broken by an ideal controller of no internal im-
pedance. The currents given in table 8 therdfore de-
termine the calibration currents of the test|circuits.
They shall be reached as follows.

a) With the 28 V d.c. system: between 2 ms and
10 ms (counted from fault application);

b) with the 115/200 V/400 Hz system: betwelen 2 ms
and 5 ms (counted from fault application].

150 175

tacts cortactor . R . . .

Table 8 — Prospective short-circuit calibfation
Auxiliary currents
contacts 5 A (or asprated) 100 180

System
Pirect Alternating
When a connector is used for connecting the auxil- current %g%"z'

iary circuits, the voltage drop value shall be in-
creased by the amount permitted for the connector.

An additional voltage drop not exceeding 20 mV is
allowed for current measurement in the hybrid con-
troller.

6.4.7 Trip characteristics

Trip characteristics are designed to protect system
cables against damage from overcurrent conditions
and shall be as stated in table 7.

Voltage at' controllqr power 28 V "3 v 11?0V r.m.s.
terminals in open circuit oV

) Star con-
Connecting mode - nection
Prospective calibration cur- 6 000 A, all 3 000 A, all
rents ratings ratings

Recovery voltages after interruption of the fault cur-
rent shall be as follows.
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