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Ericsson Signal Systems AB, together with the
Swedish State Railways, has developed a compu-
ter-controlled, fully electronic interlocking sys-
tem, ERILOCK 850.

The picture shows a part of the Hallsberg railway
junction, where the first system is in operation



Ericsson Quality

Carl Goran Larson and Per Nylander

The Ericsson Quality project was initiated in 1983 with the aim of assuring the
general quality level throughout the Ericsson Group. The basic idea behind
Ericsson Quality is to make a massive effort during a relatively short period of
time in order to apply and adapt both traditional and modern quality technology
methods to all activities. This will lead to higher quality in goods and services
produced and also to increased efficiency within the Group. The project
comprises primarily training, the development of methods and aids, and
information activities

The authors describe the philosophy and the methods that form the basis of
Ericsson's quality control and ensure high overall operational quality.

quality control
education

Basically the Ericsson Quality project
aims to create a quality philosophy that
is common to the whole Group. A com-
mon quality philosophy means that ev-
erybody in Ericsson rates and defines
certain basic concepts in the same way.
Inthis article the emphasis will therefore
be placed on the following concepts and
activities:

— Training

— Quality definitions

— Quality systems

— Activity model

— Development of methods and aids.

Fig. 1
A number of training aids have been developed
for the Ericsson Quality project

Training

Any actual improvement in quality is
based on improvement of knowledge. It
is necessary to have thorough knowl-
edge notonly of the work in question but
also of the methods and techniques
available for quality improvement.

Training within the framework of the
Ericsson Quality project has been car-
ried out in connection with planning
meetings or seminars. The purpose of
all training has been to impart the
knowledge required to start quality im-
provement activities in the form of
— 16-step programs for profit centers
— quality upgrading programs for de-
partments and sections
— action plans for groups.

The size and spread of the target group,
approximately 70000 people all around
the world, posed a purely technical
problem as regards training. It was
solved by designing the teaching aids so
that they could be used for self-tuition,

The main characteristics of quality train-

ing within Ericsson Quality are:

— Senior management is trained in
order to ensure commitment to and
an understanding of the possibilities
offered by modern quality engineer-
ing. The objective is that each senior
executive who has participated in the
training should plan and carry out a
quality project within his unit in ac-
cordance with the 16-step program in
the adjacent box.

— Training of department and section
managers is carried out with the sen-
ior management as instructors. The
objective is that, after the training,
each department should prepare and
execute its own quality upgrading
program.

— Training of all staff, comprising infor-
mation concerning quality concepts
and quality engineering, for the pur-
pose of increasing the employees’
motivation and enable them to pre-
pare action programs that reinforce
the quality upgrading program of the
department and hence also the
quality performance of the division or
company.

All types of training include a presenta-
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16-step program

1. Management commitment

2. Project group

3. Quality council

4. Quality organization

5. Quality system

6. Quality status

7. Quality costs

8. Quality measurements and goals
Quality reports

10. Analysis of customers’ needs

11. Competitiveness

12. Management orientation

13. Training and information

14, Inventary of problems

15. Error cause removal

16. Recognition

w0

Fig. 2

Mgrnbers of the management of the Thai subsidi-
ary at an EQDA seminar in Bangkok. The instruc-
tor was Rolf Nilsson from the EQ project group,
Ericsson Sweden
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cepts essential to Ericsson's quality phi-
losophy and which form the basis for
Ericsson’s quality policy and quality def-
initions.

Quality definitions

Ericsson has chosen to emphasize and
use the following definitions:

— Fitness for use

— Conformance to requirements.

Fitness for use is a wide definition intro-
duced by Dr. J.M.Juran for characteriz-
ing the quality of a product or service.
Dr. Juran also stresses that use is multi-
ple, meaning that the user's assessment
of the quality of the product varies with
the expectations of the user but is also
dependent on when, during the life of
the product, the user comes in contact
with it. For example, the demands made
on a product are different during the
installation and the operation stages.
This means that the staff who install a
product may consider the quality to be
low because the product is difficult to
install. The user, on the other hand, may
consider the quality to be high if the
product meets all his requirements.

Philip B. Crosby defines quality as ''con-
formance to requirements’’, which is a
narrower definition. It is based on the

assumption that all requirements im-
posed on a product are documented
and can be measured. Deviations from
the requirements are then a sign of
quality deficiencies. These definitions
agree well if the customer’s require-
ments are interpreted correctly and doc-
umented as measureable requirements
in a specification. Ericsson has chosen
to use the definition '"fitness for use”
externally, ie. towards the market.
"Conformance to requirements’, on the
other hand, is the definition that is to be
used internally, i.e. all work results must
meet the set requirements in order to be
deemed to be of high quality.

In other words, the objective of the
quality work is to get as close to "'fitness
for use'” and "conformance to require-
ments'' as possible.

It is mainly marketing staff who have to
ensure that all requirements that are es-
sential to the customer are included in a
requirement specification, either by
means of market surveys or in direct
contact with the customer. It must be
realized that any obscurity in the re-
quirement specification can have se-
rious consequences in the future.

However well the set requirements are
converted into internal specifications
and however well these requirements




Fig. 3
The basic elements of the quality system

Human factors comprise actions aimed at values and
attitudes and Intended to influence people and guide their
actions in the right direction also in unexpected situations
by means of

— a consistent philosophy

— clear basic concepts

— training

Quality assurance comprises activities for the purpose of
following up and demonstrating, both internally and
externally, the adherence to and the efficiency and results
of the quality system.

Quality control comprises quality activities in the line
organization

are met they cannot compensate for the
absence of a requirement that is essen-
tial to the customer. The final result is
then a product of lower quality than de-
sired.

Itis clear from the above discussion that
the marketing department of the compa-
ny carries a large part of the respon-
sibility for ensuring that products are
produced which meet the customers' re-
quirements.

The definitions chosen by Ericsson can
be seen as a summary of the definition
prepared by the International Organiza-
tion for Standardization, I1SO:

— The totality of features and charac-
teristics of a product, process or ser-
vice that bear on its ability to satisfy
stated or implied needs.

Quality systems

A requirement specification for quality
systems has been developed within the
framework of the Ericsson Quality pro-
ject. It describes the quality organiza-
tion and the overlying routines that are
necessary in order that Ericsson as a
whole will be able to live up to its quality
policy.

Much business today concerns more
than one business area. Ericsson's cus-

The role of management in the quality work

Quality policy

Quality strategy

Allocation of resources

Quality programs

Quality objectives

CQuality training

Upgrading programs

tomers will therefore come into contact
with several business areas, each with
its own field of activities. It is therefore
essential that the customer is able to
recognize value judgements and basic
principles of the Ericsson Quality Sys-
tem, EQS, regardless of with whom he is
negotiating.

The structure of EQS is shown in fig. 3. It
comprises five basic elements, which to-
gether will constitute a guarantee that
the goods and services produced are of
the expected quality.

The role of management in the quality

work

The illustration indicates that the man-
agement of a company has great influ-
ence on and responsibility for the shap-
ing of the quality system. The manage-
ment sets the fundamental principles,
often in the form of a policy for quality,
which are to apply to the quality work
within the company.

Within Ericsson these principles have
been clearly expressed in the internal
publication Ericsson Quality Policy. The
management must also lay down a strat-
egy and provide sufficient resources so
that a quality system can be developed
which is powerful enough to enable the
individual company to realize its quality
policy. In Ericsson this is done by al-
locating resources to the Ericsson
Quality project which are to be used for
the implementation of the plans formul-
ated by the management.

Human factors

Ericsson Quality Policy states that

— quality is the concern of all Ericsson
employees

— the human resources are the compa-
ny's greatest assets.

Implementing this part of the policy re-
quires actions intended to affect value
judgements and attitudes. It is a ques-
tion of informing people and educating
them in Ericsson’s quality philosophy,
thereby increasing the motivation and
realization that quality is a matter that
concerns everybody within the Group.
This cannot be controlled by instruc-
tions and regulations; other measures
are required. The planning and imple-
mentation of such measures form part
of EQS.



Fig. 4
The means of controlling a quality system

Quality policy

Quality assurance

Quality assurance means that it can be
shown at all levels in a company that the
documented routines, methods and
aids used will with great probability lead
to a product of the desired quality. The
documents may concern routines as
well as instructions and the result of ex-
ecuted instructions. Quality assurance
is a means of demonstrating the effi-
ciency of the quality system and follow-
ing up the results as well as ensuring
adherence to the system.

The follow-up can take the form of both

internal and external quality audit,

which means verifying that

— the scope of the quality system is suit-
able

— the contents of the quality system is
suitable

— the quality system works in accord-
ance with its objectives and plans,
and also in harmony with the compa-
ny environments

— the quality system has the desired re-
sults.

Quality principles

Quality routines

Work instructions

Quality control

Quality control can be considered the
operative part of the quality system. In
other words it comprises activities for
the purpose of maintaining and improv-
ing quality and is mainly carried out
within the line organization. Quality
control provides feedback from ac-
tivities already completed, and a direct
comparison of the desired and the actu-
al result is thus obtained. The results
then provide the basic data for finding
potential areas for improvement.
Quality control can be compared to an
engineering control system that contin-
uously tries to regulate an actual value
towards a desired value.

Quality program

The last basic element in EQS is the
quality program, It gives a tangible form
to measures aimed at other basic ele-
ments. It is important that a quality sys-
tem does not become static but is con-
tinually developed and improved. A
quality program is therefore docu-
mented each year, giving the quality ob-
jectives and improvement measures for
the following year. The quality program
also provides basic data for the manage-
ment when allocating resources for the
activities of the following year. In addi-
tion a "quality balance-sheet” should be
prepared at the end of each year, in
which the results of the actions taken
are compared with the improvements
planned ayear earlier. Large differences
mean that the quality system does not
have the desired effect. A quality revi-
sion can then be initiated in order to
identify and rectify weaknesses in the
system.

Control means in a quality system

The way people behave in different sit-
uations depends greatly on their skill
and ability to take the initiative, but also
to a great extent on the existence of
clear rules, methods and aids. If several
people are to be able to function to-
gether in an organization it is therefore
necessary to have efficient means of
control to ensure that the company's
quality policy is implemented and the
specified quality objectives are reached.
The control means comprise four types,
fig. 4:

The policy is the document that spec-
ifies the fundamental principles of the



company's attitudes and actions as re-

gards quality. The main characteristics

of a policy are that it

— covers all aspects

— has along life

— provides guidelines for the
employees.

Quality principles are formulated on the
basis of this policy. They state the spe-
cific rules of the company for different
activities that affect quality. They cover
all aspects briefly and describe what is
being done or has to be done. The main
characteristics of quality principles are
that they
— cover all aspects in a summary way
— form the basis of routines and instruc-
tions and describe WHAT is being
done or has to be done
— have a relatively long life.

Fig. 5

Activity model

Marketing — Understand customers' needs

Design — Qualify products

Purchasing — Supplier involvement In quality work
Production — Eliminate factory failures

Installation and service — Solve complaints on site,
collect and pass on knowledge within the organization

Service units — Create and maintain resources

Design Marketing [ (Customers

Installation,
Suppliers — | Purchasing Production I“ =" Customers
l

N .

Service units

Quality routines define the lines of ac-

tion to be followed. Their main charac-

teristics are that they

— are concrete, describing lines of ac-
tionin the form of activities, measures
etc. within or between different of-
fices etc., and define HOW things are
to be done

— are changeable, being revised as the
quality system develops, and are used
as a guiding norm for how the quality
system is to function and realize the
intentions of the policy

— can be both independent of and de-
pendent on the product or process.

Work instructions are detailed instruc-

tions for the performance of different

activities. The main characteristics of

work instructions are that they are

— very concrete and give detailed de-
scriptions of different tasks

— changeable, being continually re-
vised as required, often for each task

— used by individuals when carrying out
specific tasks.

Activity model

The purpose of an activity model is to
demonstrate, in a simple way, how an
activity can be divided into a number of
sub-activities. These are general regard-
less of the type of product, i.e. article or
service. The contents of the various
parts of the model vary depending on
the activity being described. The exis-
tence of the model is a prerequisite for
the proper functioning of the quality sys-
tem.

The activity model of fig.5 shows both
the main flows that normally form part of
production activities and the interfaces
between the different sub-activities in
the flows.

The advantages of a docurnented ac-

tivity model are that it provides

—an aid for organizational develop-
ment

— basic data for planning the develop-
ment of methods and aids

— basic data for audit of quality systems.

The activity model describes the main
stages in the whole chain from the chart-
ing of the customer's requirements to

the delivery and maintenance of the
finished nrodirt
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Stages in a design process

Each stage results in a documented work result,

which is checked and approved before it is
passed on to the next stage

G Review/Approval
D Work result

By depicting the main stages with the
aid of this model the different elements
of the quality system can be applied to
all processes in the work flow. In addi-
tion, internal support functions may well
be shown in the flow. The model also
makes it possible to emphasize in great-
er detail certain key concepts that are
essential to each individual unit. Each
key conceptrepresents the way in which
the unit can best contribute to the over-
all operational quality.

Understand customers’ needs

Let us consider fig.5. The market re-
quirements are identified by the market-
ing unit. The main objective is to provide
the customer with products that corre-
spond to his requirements or, in other
words, that are fit for the intended use in
accordance with Ericsson's external
quality definitions. As has already been
mentioned, itis the task of the marketing
department to understand the custom-
er's requirements and also to convert
them into a requirement specification.
This specification is the document that
controls development, design and pro-
duction.

Qualify products

On the basis of the requirement specifi-
cation the design unit must perform the
work that will result in basic data for
production being approved and re-
leased to the production side. The basic
data is then filed in such a way that it
becomes available to the production
units. The design process comprises a
number of stages. At each stage a check
is made that the set requirements are
met before the design work is allowed to
proceed further. This work is in accor-
dance with Ericsson's internal quality
definition ‘“conformance to require-
ments".

It is important that the required docu-
ments should have been completed and
approved when production starts.

Supplier involvement in quality work
Basic data for the production must be
available before production can be
started, and raw material and semi-man-
ufactured goods must have been pur-
chased. The supplier must be given spe-
cific requirements as regards quality
and delivery time so that production or
function disturbances are avoided.

Eliminate factory failures

By production is meant the manufacture
of physical articles as well as the repro-
duction of software units. Efforts must
be made continually to utilize the means
offered by quality control in order to re-
duce the proportion of products re-
jected.

Solve complaints on site, collect and
pass on knowledge within the organiza-
tion

When the product has been delivered to
the customer and installed, the follow-
up of the product quality commences,
by means of service visits, complaints
routines etc. The information obtained
in this way must be used in order to gain
experience and knowledge.

Create and maintain resources

The flow described above requires sup-
porting and resource-providing units;
they are here called service units and
represent a whole range from finance to
personnel departments.

The departments directly involved in the
main flow are internal customers of the
previous stage and suppliers to the de-
partments in the subsequent stage. The
service units find their internal custom-
ers throughout the main flow.

The interstage activities of particular im-
portance to the product quality are
shown in fig.5, thus indicating that the
quality of the work done can be checked
and measured at these interfaces. The
work results that are allowed to proceed
to the next stage must be correct.

Quality control is incorporated in each
stage, but there is also superior control
in the form of checking of the results at
each interface.

Work flows

The work ineach departmentetc. can be
illustrated using a flow diagram with a
number of stages, fig. 6. This flow can be
documented regardless of the type of
work. It is essential that each stage pro-
duces a concrete, measurable work re-
sult. It can consist of a document, sub-
part or a service.

Dividing up the work of a department
into smaller parts ensures greater con-
trol of the work results. If a faulty result is



Fig.7
Model for systems design

i Stages In the work flow

Product cycle
—

/ Product variants

passed on it could generate further
faults, which might be very expensive to
correct.

The design process has been chosen to
illustrate the advantages to be gained by
dividing up the work into smaller, more
manageable activities.

In design work, which in many cases is
creative, the support obtained by follow-
ing a work flow is by now generally ac-
cepted as indispensable for satisfactory
quality. In the design field the work flow
is often called a development model.

A development model is usually divided
into phases, which in their turn are divid-
ed into activities. It is essential that each
activity and phase (e.g. systems design)
provide a final result in the form of a
document. The document must be for-
mally revised if the system design is

modified after the documented result
has been approved. There is nothing to
prevent the system designers from
going far along the train of activities, for
example building prototypes, as long as
the work is not regarded as completed
until all aspects have been considered
that may be of importance to the final
result.

The quality of each phase and activity
will be high when these have to result in
an approved product in the way de-
scribed here. This is also a prerequisite
for the quality of the next phase in the
work flow.

This type of work flow assumes that the
products consist of documents. The rea-
soning is fully applicable also for a pro-
duction work flow with the exception
that the sub-results are parts, not docu-
ments.
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Fig.8
The cloud, arrow, square model

Uniformity of activities from basic
development to administration

There are special reasons for dwelling
on product development when describ-
ing Ericsson’'s quality work. The busi-
ness is to a great extent based on the
ability to develop products, complex
systems with software and hardware or
simple devices, so that they correspond
to market requirements and meet the
needs of the customers.

One of the basic quality factors is the
ability to exploit experience so that it,
combined with new ideas, continually
forces improvements in work methodol-
ogy and hence in the final result. The
fundamental idea is that the design pro-
cess is similar regardless of where in its
life cycle the product is. Fig.7 shows
one way of illustrating this.

The main axes show the phases of the
work flow, stages in the product cycle
and product variants.

All phases in a flow should be worked
through, regardless of whether the work
is new development or just the correc-
tion of a fault. This provides the neces-
sary documentation for later stages of
the work and ensures the required feed-
back. It also guarantees that the various
documents in the design process are
updated continually.

Feedback in the work flow

Feedback is strongly emphasized in
guality engineering in the form of, for
example, requirement dialogues and
different types of result feedback.

A model has been developed for Erics-
son Quality which describes the feed-
back symbolically, using a cloud, an ar-
row and a square, fig.8. The feedback
arrows refer to the requirement di-
alogue, result feedback for the ac-
tivities, work methods and resources
(aids) and correction of the actual work
result. This results in the correction of:
— ambiguities or errors in the basic data
— random faults

— systematic faults.

Really efficient quality control can only
be achieved if the importance of this
feedback is fully realized, in all its
human as well as technical aspects.

Development of methods and
aids

Upgrading programs constitute the
driving force in continuous quality work.
Both short-term and long-term mea-
sures are necessary to ensure correct
handling of new or modified products
and to achieve business cost reduc-
tions.

Audit

Requirement
dialogue

AN

Corrective action

Input

Action Output
Resources
| Demand for

improvements
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Fig.9
The Ericsson Quality logo

Major investments in quality are usually
aimed at reducing the gap between ex-
pected and actual quality. Such gaps are
often caused by a lack of understanding
the requirements of the customer or by
inability to realize these requirements
during the design or production pro-
cess. It is of course important to try to
reduce such a gap during the life of the
product and thus correct the errors
made. However, it is just as important to
try to find the reason why the gap oc-
curred. It is then often found that inade-
quate methods and aids in one or more
stages of the handling flow are contribu-
tory factors.

The improved development technology
shifts the balance from later stages in
the flow to the earlier. For example, bet-
ter and more intensive systems design
results in simpler final testing. This fact
cften leads to a conflict within the orga-
nization since this type of rationalization
does not give a concrete result in the
department where it is carried out. Con-
sequently, such work often requires ac-
tive decisions by the management of the
profit centre concerned. The procedure
is to evaluate the development of meth-
ods and aids in such a way that this type

of investment can be weighed against
others. The development of methods
and aids is often called preventive
quality action. The cost incurred is very
small compared with the cost caused by
the absence of methods and aids. Step-
wise development in the field of meth-
ods and aids usually leads to great re-
ductions in the overall costs of a compa-

ny.

Conclusion

The project stage of Ericsson Quality
will be completed in 1986. The strong
emphasis on quality during a period of
three years has meant that many actions
have been taken which will result in
long-term improvement of the quality of
Ericsson's products and services. The
project should be considered as a large
investment aimed at increasing the rate
of the quality improvement work that is
always going on within the Group.

Ericsson’'s new quality organization,
which is mainly built into the line organi-
zation, now has the task of maintaining
and if necessary strengthening the
effect of the project in improving overall
operational quality.



Computer-Controlled Electronic
Interlocking System, ERILOCK 850

Dag Nordenfors and Anders Sjoberg

Ericsson Signal Systems AB, in collaboration with the Swedish State Railways, is
continuing the development of computer-controlled interlocking systems for
railway yards. The previous system version included some parts that contained
safety relays. These have now been redesigned using microcomputer-controlled
electronics. The result is a computer-controlled, fully electronic interlocking
system, ERILOCK 850. The first system is now in operation at the large Swedish
railway junction at Hallsberg.

The authors describe the general design and structure of the system and then
exemplify by outlining the scope and installation of the Hallsberg plant. Finally
they briefly consider computer aids for planning.

railways
traffic computer control

The objective of developing a fully elec-
microcomputers

tronic interlocking system has been to

The system, fig. 1, comprises the follow-

ing subsystems:

— control and supervisory system

— interlocking system

— data transmission system, which con-
nects the interlocking system and the
object controllers

— object controllers for the signals,
points etc.

Control and supervisory
system

The basic version of ERILOCK 850 is de-
signed for two operators. They control
and supervise the train movements in a
railway yard from their own operator's
desk, each equipped with a keyset and
one or two colour VDUs, fig.2. They

signalling . 2 " : . . :
provide the railway authorities with less  share a typewriter. This equipment en-
expensive and more user-friendly inter- ables the operator to set up train and
locking systems, and also to provide the  shunting routes, control individual ob-
traffic staff with better facilities for con-  jects (e.g. change points) and supervise
trolling and supervising the train traffic.  the movements of trains.
= =
| I
r"rr:l"??‘ r"r;?‘l &)
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c:r'.'l' e (;_I'{TJ
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1 1 2 13
Fig. 1 Object
Block diagram of interlocking system controller
ERILOCK 850. The master control and superviso- cabinet

ry system has a wider range of functions, such as
train describer system and automatic train rout-

ing

Power

Four-wire telecommunications cable or optical
fibre

Transr ion cor

Link to object controllers

" Electronic object controller

Multi-wire signalling cable
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A maximum of 32 objects per loop
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The system contains various alarm func-
tions for the indication of faulty signal
lamps, points not detected in end posi-
tion etc. Alarm information is displayed
on the monitors or output on the type-
writer. The system can also record cer-
tain events for the purpose of checking
timetables, investigating accidents and
facilitating maintenance.

DAG NORDENFORS
ANDERS SJOBERG
Swedish State Railways

The program system that handles the
basic version of the control and super-
visory function is included in the inter-
locking computer.

In larger plants, the control and supervi-
sion is handled by a separate master sys-

tem, ERICOS 715, which allows the con-
nection of more operators' desks and
offers more functions, for example train
describer system and more advanced
automatic train routing, see section
Systems in operation’. The basic sys-
tem is then only used for maintenance
purposes and as a standby for the mas-
ter system.

Interlocking system

The main purpose of the interlocking
system is to ensure the safety of train
movements. Once a train route has been
established for a certain train it must be
protected from other trains. All points in
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that train route must also be locked so
that they cannot be changed.

The interlocking system is a program
system which utilizes Ericsson’s mini-
computer UAC 1610P, fig. 2. In addition
to the interlocking program, with the as-
sociated conditions for traffic in a rail-
way yard, the computer contains input
and output programs as indicated by
fig. 3.

An interlocking system has the capacity
to control and supervise 400 objects,
signals, points etc. Two or more systems
can be interconnected, fig. 4, to provide
sufficient capacity for larger railway
yards.
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Object controller

Each object in the railway yard is con-
trolled and supervised by its own micro-
processor-controller, fig. 5. The objects
include

— signals

— point machines

— level crossing equipment

— point heaters.

The controllers are installed in cabinets,
fig.6, near the objects. Each cabinet
holds eight controllers. The cabinets are
connected to the interlocking compu-
ters via a four-wire telecommunications
cable or optical fibre. The objects are
connected to the controllers via multi-
wire cables. In older systems these
multi-wire cables ran from a central re-
lay room, which meant the laying of con-
siderable amounts of multi-wire cable.
Some of the gain of the new system lies
in the savings made on such cable.

The requirement for fail-safe operation
has greatly influenced the design of the
object controllers. Forexample, an elec-
tronic safety breaker has been designed
which, in case of failure, cuts off the
current to "proceed’’ signal lamps or
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Fig. 6

Object controller cabinet

Fig. 7

Block diagram of a signal object controller

point machines. Fig. 7 shows the block
diagram of an object controller for sig-
nals.

Data transmission between
the interlocking system and
object controllers

Each controller cabinet contains a con-
centrator, fig. 1, which is connected to a
transmission loop starting at the inter-
locking processing unit. Up to 15 con-
centrators can be connected to each
loop.

CPU Information to/from the interlocking processor via the concentrator
A,
Software L )
Commands Status
1 | | 1
Time check Time labelling
A B A B
Fa
B =
Decoding Encoding
Desired
c o Actual J
mpar
| ompari £
: ]
p ; Safety Electronic Measuring Contact
S breaker contacts = circuits sensing
lrnpuvoutput Bt e et S S R S | SR |

ATC beacons

Signal lamps

Contacts
on track
circuit relays

HDLC transmission procedure in accor-
dance with 1SO 3309 and 4335 is used
over the loop. The data rate is 19.2 kbit/s
and the transmission mode is duplex.

The type of modems used in the loop is
dependent on the transmission medi-
um: four-wire telecommunications ca-
ble or optical fibre. The concentrator
functions as a regenerative repeater for
the signals over the loop.

Fail-safe design apects

It is essential that certain parts of inter-
locking systems have fail-safe opera-
tion, by which is meant that accidents
must be prevented even when a fault
occurs in the equipment. This require-
ment has greatly influenced the design

When designing the new interlocking
system as much use as possible was
made of the fail-safe design rules pre-
viously devised for relay and electronic
systems, but the introduction of compu-
ters has made it necessary to prepare
new design principles.

The main method, fig. 8, of ensuring fail-
safe function of the interlocking system
is to have two independent programs in
the same computer processing the in-
terlocking data and to ensure that the
two programs give the same result be-
fore an order can be executed. The two
programs, which have been designed by
two independent designer teams, per-
form the same processing function but
use the computer hardware in different
ways. This technigue is used both in the
interlocking system and in the object
controller systems,

The data transmission between the in-
terlocking system and the object con-
trollers contains so much redundant in-
formation that any distortion of informa-
tion will be detected.
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ERILOCK 850

A-data in B-data in

1221

Input A InputB
Interlocking
CPU
Comparison
Program A Program B
and Alarm and
memory memaory
Qutput A OutputB
Central
equipment :

Transmission
of data

Railway ya.rd . -
equipment
___________ = ‘ r—‘—————_—-__‘__
B

,- == | Object Vi FEn

(A) iB}} \@{ CcPU Il\ ) \B)

— r’ ——
P y = =
| t JI Comparison I |

———-: e and g e
I commands | |

e it A —tl,

| Objects |
_____T;___L___JI _T_ _IL : _T_ > 2

This method, together with the design
rules given below, ensures the fail-safe
function as regards random component
faults, systematic component faults, the
effects of any disturbances and software
errors.

Software errors constitute the greatest
problem. No way could be found of re-
moving all software errors, and the di-
versity principle was therefore chosenin
order to render remaining errors harm-
less.

Design rules
— Hardware diversity
e Two independent calculation
channels
e Different representation and en-
coding of the data processed in
the two channels
— Frequent comparisons of intermedi-
ate and final results
— Software diversity
e Two independent and thereby
basically different program sys-
tems, which both carry out the
processing
— Each program must be so free from
errors that the probability of identical
independent errors occurring in both
programs is negligible

— The input data is updated in each
process cycle, i.e. every 0.6 seconds

— Dynamic output of data is necessary
in order that the most restrictive state
is not to be assumed and maintained

— Important process data is provided
with the time of origin in order to en-
sure that obsolete data is disqualified

— A careful scrutiny ensures that the
channels, including the programs,
are in fact independent and that a
fault cannot influence the channels
in an identical way

— Increased availability by means of re-
dundancy, in the form of a simple
changeover to another pair of cal-
culation channels.

Measures to increase the
availability

The computer equipment of the inter-
locking system is duplicated in order to
increase the availability of the system,
with the non-executive computer work-
ing in the hot-standby mode. If a sepa-
rate control and supervisory system is
used its computer equipment is also du-
plicated.

Inordertoincrease the availability of the
transmission loop, the equipment has
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been designed so thatthe concentrators
can communicate with the interlocking
computer even if a cable break should
occur. If there is a loss of power to the
concentrator it is automatically by-
passed so as not to disturb the transmis-
sion in the rest of the loop.

Systems in operation

The first ERILOCK 850 interlocking sys-
tem is in operation at Hallsberg, Swe-
den,

Hallsberg is a railway junction on the
main  Stockholm-Gothenburg and
Stockholm-Oslo lines. It is also a
through station for traffic from north to
south Sweden, fig. 9.

Traffic at the junction is heavy, with 300
trains and approximately 1500 train
movements per day. Up to now the traf-
fic has been handled by means of three
interlocking systems, the oldest being
from 1932. Fully built out, the new inter-
locking system will control 200 signals,
190 points, some level crossings and
platform equipment.

The station is 8km long, which makes
the new system with its decentralized
object controllers particularly suitable.

The traffic is controlled from a centre
with desks for a maximum of three oper-
ators. Each operator has a keyset and
four colour VDUs, figs. 10 and11. The
system also includes a typewriter for the

logging of various information, a termi-
nal for technicians, and VDUs installed
in the remote control centre and infor-
mation centre.

The control and supervisory system,

type ERICOS 715, comprises the follow-

ing functions:

— keyset-operated control system

— information system with colour VDUs

- train describer system

— automatic train routing

— timetable comparison

— alarm functions

— recording of events

— transmission of information to and
from other information centres.

The recording of events is used to

— facilitate maintenance

— follow up train movements

— facilitate investigations of accidents.

Installation of the Hallsberg
plant

The main part of the equipment in an
ERILOCK B850 system is manufactured
and tested at the factory. It took only a
few days to install the computers and
the operators’ desks.

The cabinets with the object controllers
were delivered fully tested. They were
placed on concrete bases in the railway
yard and then connected to the cable
network of the station. The Hallsberg
plant will contain approximately 70 cabi-
nets when fully built out.

The ERILOCK 850 requires far less in-
stallation work than previous systems.
Powerful means for testing the installa-
tion have contributed to this reduction.

Project planning

The installation data for the Hallsberg

plant was produced with the aid of a

computerized project planning system

that forms part of ERILOCK850. The

project planner's work is reduced to

providing installation data for a compu-

ter terminal including

— track layout (geography)

— type of railway yard object

— positions for railway yard objects

— permissible speed to or past the ob-
ject

— nnsitinns for cahinate
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The data is input via a computer termi-
nal. On the basis of this information, the
prolect planning system creates

- the data required for the computers

- track diagrams for the VDUs

- documentation for the installation of

cabinets and objects

— documentation for the cable network
— equipment lists.

Advantages of system
ERILOCK 850

The ERILOCK 850 has many advantages
over older technology. The main advan-

Elogr-n“pzuters for the master control and superviso- tages epre“eaned at Hallsperg are:
ry system — the time required for project planning
and installation is considerably short-
er
— simple and efficient testing of the in-
stallation

— the main part of the installation can be
tested without access to the actual
railway yard

— easier to make modifications

— more traffic handling facilities for the
operators

— automatic recording of events

— lower investment costs.
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Tone and Ringing Equipment BKL 700

Frans Vago

The reliability of subscriber signalling is very important to the handling of calls in
a telephone exchange. Ericsson has carried out a thorough analysis of the
subscriber signalling system and defined measures for ensuring that the function
is free from disturbances. The work has resulted in a new generation of tone and
ringing equipment designated BKL 700. The units have a modular structure and
are available for both conventional and digital exchange systems.

The author summarizes the results of the analysis and describes the basic
principles of the new equipment, as well as its design and function.

signalling (telecommunication networks)
subscriber loops

telephone station equipment

modules

Fig. 1
An ordinary telephone set is used to test signals
in BKL701

One of the main objectives of telecom-
munications administrations is to im-
prove the quality of the telephone ser-
vice. Telecommunications systems that
function badly have an inhibitory effect
on the users and can cause a reduction
in income. Improved function, on the
other hand, reduces the administra-
tion's operating costs and can result in
larger income,

The quality of the telephone service is a
complex matter and is dependent on
many factors. The efficiency of the traf-
fic handling is of major importance and
is in its turn dependent on the overall

reliability of the subscriber signalling
system.

Knowledge of this field has hitherto
been fairly limited, mainly because of
measurement difficulties.

Ericsson Power Systems realized this
fact at an early stage and has developed
methods of measurement and analyzed
the whole subscriber signalling system
thoroughly. The results of the analysis
were first presented at Intelec82 in
Washington.’

Results of the system
analysis

The analysis showed that the subscriber
signalling system is very vulnerable in
most telephone exchanges, regardless
of make. Temporary disturbances, usu-
ally short circuits, which are inevitable
in an exchange, can easily cause the
loss of signals and hence serious deteri-
oration of the function in large parts of
the exchange.

The cause of this vulnerability is the cen-
tralized method used to generate and
protect the signals. In some cases 10000
or 20000 subscribers receive the signal
via one and the same conductor and
possibly a protective circuit.

The analysis revealed the weak pointsin
the system. They are the distribution
network and the junction line relay sets.
Statistics collected by Telecom Aus-
traliashow that a third of all traced faults
occur in the devices that send the most
important subscriber signals.?

The larger the exchange the more vul-
nerable it is, since the risk of short cir-
cuits increases with the number of de-
vices.

The analysis also showed that the over-
all reliability of the subscriber signalling
is dependent not only on the tone and
ringing set but also to a great extent on
other parts of the exchange and, last but
not least, on the interaction between the
tone and ringing set and the exchange.
This field has been relatively unknown
up to now.

To design efficient protection of the sig-

nal nntnnte anainet ehart Airciite the
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Fig. 2
The consequences of some common faults in the
subscriber signalling system

Fig. 3
Block diagram of the system

Loss of dialling tone

Loss of ringing signal

Loss of ringing tone

Loss of busy tone

signal loads must be known. Hitherto
the protectors have often been over-
dimensioned because of insufficient
knowledge of the load. For example, the
fusesin the ringing signal distributionin
the suite supervision equipment are for
1A, whereas the load current is 50—
100 mA (measured for the first time in
1980).

The tone signal distribution had no pro-
tection at all; fuses could not be used
since the voltage drop across a fuse
could be of the same order of magnitude
as the signal voltage.

The analysis also showed that the signal
load was usually much lower than as-
sumed before the investigation, and the
power of the signalling equipment could
therefore be reduced considerably.

Unreliable alarm function is another
problem for the maintenance staff.
Alarms from unmanned exchanges
should result in service visits. Such vis-
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No more new calls

The subscriber becomes irritated

The switching devices in the exchange
become overloaded

its are very often fruitless — no fault is
found. The alarm must have been
caused by a temporary disturbance. But
each visit costs money, and fruitless vis-
its cause irritation.

Many administrations believe that these
problems are most common in coun-
tries where the quality of the telephone
service is low. However, the problems
are frequent also in countries with high-
ly developed telephone systems.

Statistics collected in Sweden show that
faults that cannot be found by the repair-
man account for 22% of all reported
faults. They are defined as temporary
faults that disappear after a short time.®

Some of these temporary faults occurin
the signal distribution network and
many in the junction line relay sets.

Since the faults have not been found the
maintenance staff do not know about
them. They believe that these faults are
inevitable and that it is impossible to
reduce their effect on the operation of
the exchange.

New principle

A new method of decentralized genera-
tion and protection of signals has been
introduced in some modern SPC ex-
changes (e.g. AXE 10). This method re-
duces the size of the exclusion unit con-
siderably and hence the vulnerability of
the system, but at a slightly higher cost.

A number of modifications are neces-
sary in order to make the subscriber sig-
nalling in older exchanges less vulnera-
ble. In order to facilitate such modifica-
tions and reduce the associated costs
Ericsson has developed a new genera-
tion of tone and ringing equipment, se-
ries BKL700.
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Fig. 4

Block diagram and sketch showing the mechan-
ical construction of BKL 70101 with an additional
printed board assembly for special signals

Fig. 5

Signal unit BKL 70101, the basic version, with the
front plate removed. The unit can be mounted on
awall orina 19" rack
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With BKL 700 the subscriber signalling
system in old exchanges can be made
semi-decentralized. The overall re-
liability obtained with this method is al-
most as high as with the fully de-
centralized system, and the cost is low
since there is no need to alter a lot of
exchange equipment. The service and
maintenance costs will also be reduced.

Series BKL700 comprises four basic

types of equipment:

— Signalling equipment BKL 701, which
replaces electromechanical tone and
ringing sets in old exchanges

— Signalling equipment BKL 707, which
is used to supply external equipment
in digital systems

— Generator system BKL711
standby units

— Custom-designed, built-in generators
BKL 721 for use in different types of
exchanges and PBXs.

with

Signalling equipment
BKL 701

BKL 701 has a modular structure. The
system is built up of:

— signalling unit BKL701 01

— transfer unit BKL 70103

— unit for d.c. pulses BKL 701 05.

BKL 70101 generates all tone and ring-
iIng signals required in a public ex-
change. It can also be used in PBXs.

The equipmentis mounted in alightalu-
minium case.

BKL70101 is dimensioned for deliver-
ing signals to a maximum of 2000 sub-
scribers at a total busy hour traffic of
0.1Erlang per subscriber. The max-
imum number of subscribers is deter-
mined by the output power (20 VA) of the
ringing generator and the number of
signalling outputs.




Block diagram
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unit
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e ) unit exchange
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Fig. 7

BKL 701 with standby, for a maximum of 2000
subscribers, mounted in a 19" wall cabinet. The
units can also be mounted directly on a wall

Fig. 8
System BKL 701 with three ordinary and one
standby unit, for a maximum of 6000 subscribers

Fig. 6
BKL 701 with standby, for a maximum of 2000
subscribers

Several units can be used if the number
of subscribers exceeds 2000. The ex-
change is then divided into sections and
each section is supplied from its own
unit. Two units are required for up to
4000 subscribers and three units for up
to 6000 subscribers.

A system with a standby unit can be built
up of two to four BKL70101 and a trans-
fer unit, BKL70103.

BKL70103 can control up to four
BKL70101. One of these is then used as
a standby and the others as ordinary
units, i.e. they are connected to the ex-
change. The standby can replace any of
the three ordinary units if a fault should
occur in any of them.

Signalling unit BKL70101 and transfer
unit BKL 70103 have the same mechan-
ical construction. Figs.6 and8 show
block diagrams and sketches of a sys-
tem with standby for a maximum of 2000
and 6000 subscribers.
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Signalling equipment
BKL 707

BKL 707 is asignalling system with built-
in standby capacity, designed to meet
the requirements of digital systems.

The main units in the system are:

— signalling unit BKL707 01

— transfer unit BKL70103

— unit for d.c. pulses BKL70105

— unit for additional boards,
BKL 707 07.

BKL 70701 issimilarto BKL70101 butis
equipped with a ringing generator for
50VA. The voltage and frequency ac-
curacy of the generated ringing signals
are higher than in BKL70101.

Additional printed board assemblies, for
example for extra fuses in the ringing
signal distribution or for a tone power
amplifier, can be installed in BKL 707 07.
This unit has the same mechanical con-
struction as the other units.

Advantages of equipment in
series BKL 700

There are many advantages in replacing
electromechanical tone and ringing
sets by BKL701:

Increased subscriber signalling
reliability

The reliability of BKL701 is very high
because of the low operating tempera-
ture. This in its turn is the result of very
low losses, achieved by using high-fre-
quency switching technique in the ring-
ing generator and CMOS circuits in the
logic and supervision circuits.

High MTBF

Estimated MTBF (Mean Time Between

Failures) values:

— BKL70101

— BKL701, system
with redundancy

— Electromechanical
unit

about 40years
over 300 years
about 2years

Short-circuit proof

A short circuit in a part of the exchange
will not disable other parts. This charac-
teristic is essential to the overall re-
liability of the subscriber signalling and
has a considerable effect on the quality
of the call handling.



Degraded service time
(hours/year and subscriber)

Exchange size Before After

(max. number replacement replacement
of subscribers) by BKL 701
1000 4 1.1

2000 6 1.1

4000 10 11

6000 14 1.1

Table 1

Estimated values for the part of the degraded
service time caused by faults in the subscriber
signalling

Fig. 9

Simplified signal wiring diagram with centralized
equipment for an exchange with 10000 subscrib-
ers

TG Row for 1000 subscribers

REG Row of registers

IJ Row of junction line relay sets for incoming
trattic

SE Tone and ringing set with centralized function

The part of the circuits where tone signal
crosstalk can occur

TGS

TG7

REG —_— TG6
IJ1 —— — 1G5
12 a— o TG 4
TG3

= TG 2

TG 1

SE

One measure of the quality is the de-
graded service time, i.e. the time during
which the quality of the call handling is
impaired.

Table 1 shows estimated values for the
part of the degraded service time
caused by faults in the subscriber sig-
nalling.

High signal quality

The voltage and frequency accuracy of
BKL701 is higher and the distortion
lower than with electro-mechanical
tone and ringing sets.

Tone signal crosstalk and other distur-
bances can be reduced considerably
with semi-decentralized signal genera-
tion. This is illustrated in figs.9 and 10,
which compare the signalling wiring di-
agrams with centralized and semi-de-
centralized generators for an exchange
with 10000 subscribers.

The wiring diagrams are simplified: for
example the wires for the busy tone,
ringing tone and ringing signal to each
group for 1000 subscribers are shown
by a single line. Each rack row and tone
and ringing set is shown as a block, re-
gardless of its physical size.

In cases of large loads on the busy tone,
inductive and also resistive busy tone
crosstalk can occur during pausesinthe
ringing tone, primarily in the shaded
area.

Reduced maintenance costs

Many maintenance visits, which now
have to be made because temporary dis-
turbances have given rise to false
alarms, will be avoided. This is achieved
by means of adelay in the alarm function
and the introduction of remote resetting
of alarms.

The installation and maintenance costs
for BKL701 and BKL 707 are very low,
for the following reasons:

— The equipment is mounted and tested
before it leaves the factory. Installa-
tion is simple, and the on-site testing
consists mainly of setting the signal
levels.

— The documentation is well arranged
and easy to read, and the function is
easily comprehended.

— The stocking of spares is simplified,
since the equipment consistsofonlya
few units and since the same units
can be used in both large and small
exchanges.

Technical data
Data applicable to both BKL 701 and BKL 707

System voltage® 48V d.c.
Permissible variations 40-60V
Tones
power* 160 mWi/signal
voltage adjustable
between™® +1dBu and
+10dBu
adjustment steps adB
Distortion
ringing signals max 3%
tones max 1%
Time accuracy in the
interrupter 5%
Delay in alarm initiation 10 min

Delay in changeover to
standby unit 20 s

Ambient temperature 0-45°C
Cabinet dimensions
width 477 mm
height 242 mm
depth 132 mm

Data applicable to BKL 701
Ringing signals

frequency 25 or 20 Hz
generator power 20 VA
voltage adjustable to 70, B0, 90 or 100 V
voltage accuracy +5%
Frequency accuracy
ringing voltage +3%
400 or 425 Hz tones +2%
Precise tone system
tones +0.5%

Data applicable to BKL 707
Ringing signals

frequency - 16,7, 20, 25, 50, 60

or 66,7 Hz

generator power 50 VA

voltage adjustable

between 87 and 150 V

number of adjustment

steps 4

voltage accuracy +1%
Frequency accuracy

ringing voltage +1%

tones +0.5%
Weight
BKL 70101 5.6 kg
BKL 70701 6.6 kg
BKL70103 4.1 kg
BKL70105 39 ka
BKLT70707 29-45 kg

*) Equipment for a system voltage of 60V can
be obtained on request. Other tone voltage
levels can also be obtained, and BKL 707
can be supplemented with a tone power
amplifier board if higher tone power is
required.



e oo |
P

IJ 2 —-— SS1L}’[\ T{":JJ
7oz ]
—
Fig. 10

Simplified signal wiring diagram with semi-de-
centralized equipment BKL 701 for an exchange
with 10000 subscribers

IJ1 et

TG Row for 1000 subscribers

REG Row of registers

8] Row of junction line relay sets for incoming
tratfic

551 Signalling system with BKL701, for 6000 sub-
scribers

ss2 Signalling system with BKL701, for 4000 sub-
scribers

Fig. 11

All adjustment and test points for signal levels,
supervision etc. are clearly marked, both on the
printed board assembly and the circuit diagram
and assembly drawing, which facilitates installa-
tion
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Summary

The changeover from electromechani-
cal exchanges to SPC exchanges is ex-
pected to take place within 2030 years
in most industrialized countries.* ® Dur-
ing this period the electromechanical
exchanges must provide an acceptable
telephone service. This is facilitated by
the introduction of the BKL 700 which,
with its interesting new technique, en-
hances job satisfaction and thereby the
quality of maintenance. The low invest-
ment cost of BKL700 means that the
replacement of old equipment pays
within a short time.

In recent years labour disputes have
demonstrated the vulnerability of tele-
phone exchanges that require much
maintenance.® In such cases it could be
worthwhile to install BKL 700, which re-
quires no maintenance. Administrations
who want to improve the telephone ser-
vice at a low cost should urgently con-
sider the introduction of Series BKL 700.
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