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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DIAGRAMS, CHARTS, TABLES

Part 8: Preparation of diagrams for system manuals

FOREWORD

1) The formal decisions or agreements of the IEC on technical matters, prepared by Technical Committees on which all the
National Committees having a special interest therein are represented, express, as nearly as possible, an international
consensus of opinion on the subjects dealt with.

2) They have the form of recommendations for international use and they are accepted by the National Committees in that
sense.

3) In order to promote international unification, the IEC expresses the wish that all National Committees should adopt
the text of the IEC recommendation for their national rules in so far as national conditions will permit. Any divergence
between the IEC recommendation and the corresponding national rules should, as far as possible, be clearly indicated
in the latter.

PREFACE

This standard has been prepared by Sub-Committee 3B: Preparation of Diagrams, Charts and Tables — Item Designation,
of IEC Technical Committee No. 3: Graphical Symbols.

A first draft was discussed at the meeting held in Oslo in 1976.

A second draft was discussed at the meeting held in Paris in 1978. As a result of this meeting, a revised draft, Document
3B(Central Office)23, was submitted to the National Committees for approval under the Six Months’” Rule in September 1979.

The National Committees of the foliowing countries voted explicitly in favour of publication of this Part 8:

Australia South Africa (Republic of)
Belgium Sweden

Canada Switzerland

Denmark Turkey

Egypt Union of Soviet

Finland Socialist Republics
Israel United Kingdom

Italy United States of America
Romania

France cast a negative vote for the following reasons: the contents of the publication is such that Sub-Committee 3B
is encroaching upon the scope of Technical Committee No. 56: Reliability and Maintainability. The aims and methods
proposed are not expressed clearly enough with respect to all branches of electrotechnology or for equipment manufactured
in small quantities only.

Other 1EC publications quoted in this standard.:
Publications Nos. 113: Diagrams, Charts, Tables.
117: Recommended Graphical Symbols.
617: Graphical Symbols for Diagrams.
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)

DIAGRAMS, CHARTS, TABLES

Part 8: Preparation of diagrams for system manuals

1. Introduction

The normal way of documenting electrotechnical systems is the provision of a number of
diagrams with supporting charts, tables, written descriptions etc. The increasing complexity of
modern systems and the urgent need to minimize downtime due to faults have revealed a need for
supplementary documentation, usually included in one or more system manuals. Because the
emphasis in the presentation of the data is on functional rather than physical boundaries in the
equipment, such documentation packages are often termed “functional system manuals”.

2. Scope and object

This standard describes the principles applied in the preparation of diagrams used in system
manuals.

C‘ N 3. Related publications

The other parts of IEC Publication 113 (see inside back cover) are concerned with matters of
drawing practice and provide additional guidance.

, Graphical symbols are given in the relevant parts of IEC Publication 117: Recommended
! Graphical Symbols, and TEC Publication 617: Graphical Symbols for Diagrams (see inside back
cover).

4, Use of system manuals

Although the method described in the present standard is capable of wide application, the
normal method of documentation is satisfactory in a great many cases and is usually preferred
for unique plants and for equipment which is in low volume production. System manuals on the
other hand are suitable for applications where identical equipment is employed at many locations
or for plants where downtime is of overriding consideration.

The decision as to the precise form of documentation to be used in a particular case should
take account of factors such as the cost and complexity of the plant, the type and degree of
training given to maintenance personnel and the maintenance philosophy adopted by the user.

T It is strongly recommended that the type of documentation to be used should be the subject
- of discussion and agreement between manufacturer and user as early as possible during the
' development of any system.
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5. Functional system documentation

5.1- Objectives

System manuals seek to present information in ways which clarify the working of a system and
hence facilitate the tasks of training and maintenance. With complex systems the location of
faults often takes a longer time than their repair and it is therefore important that the docu-
mentation should be laid out in a way which best aids the diagnostic process. Functional system
documentation meets this objective by presenting information at a number of arbitrarily chosen
levels corresponding to functional rather than physical sub-divisions of the system.

5.2 The concept of functionalization

In this context, a function may be defined as an operation or process which has a definite
effect on signal or logic flow and hence on system behaviour. Functional flow describes the
logical interworking of equipment functions which enables an equipment to achieve its purpose.
It is a prime objective of functionally based documentation to capture this functional flow which
is often masked by hardware boundaries. Thus circuit diagrams are often prepared for discrete
items of equipment such as printed wiring boards or sub-assemblies. A functionally based diagram,
however, will often group hardware items located in different parts of an equipment provided they
act together to perform an identifiable function.

5.3 Presentation of data

Data is provided at a number of levels determined by functional analysis of the equipment or
system covered by the documentation. Coverage progresses from the most general to the most
particular, the information at each level being functionally and logically related to that at the
preceding level. The number of levels provided depends on the factors mentioned in the second
paragraph of Clause 4 and on the size chosen for the diagrams.

6. Preparation of diagrams for system manuals

6.1 General principles

In order to meet the objectives outlined in Sub-clause 5.1, diagrams should be prepared in
accordance with the following aims and principles.

6.1.1 Fitness for purpose
Each diagram should be prepared with its primary purpose in mind.

Different considerations will apply to diagrams prepared for general explanatory purposes than
will apply to those prepared specially for use by maintenance personnel. The former need only
provide a clear explanation of how the equipment works whereas the latter should also include
all the information required to locate and clear faults (see Sub-clause 6.1.5).

6.1.2  Functional layout

Clause 5 has explained that functional system documentation generally takes the form of a
structural hierarchy of diagrams starting with one covering a complete system or equipment
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6.1.3

6.1.4

6.1.5

v

and expanding down through successive levels to the detailed coverage necessary in any particular
case. Each diagram should be laid out to emphasize the functional relationships existing between
the various sub-systems, parts or components represented on it. At the higher levels some form of
block diagram (see Sub-clause 6.2) will generally be employed and sub-division into functional
blocks presents no problems.

At the low levels it is also important that functionally related parts should be readily identified.
On detailed diagrams the use of standard layouts for commonly used circuits is of assistance
(see Sub-clause 6.6 of IEC Publication 113-4). This method should be supplemented as required by
the use of coloured (Figure 11, page 39), hatched or tone backgrounds (Figure 5, page 28), or
by enclosure within separate boundary lines (Figure 4, page 25). If colour is employed, each
functional stage should be printed on a pale coloured background. Yeliow and blue are
recommended for this purpose because of the excellent legibility of black printing on these
colours. Two colours can provide for two levels of functional grouping and yellow and blue
have the advantage that a third level is readily available by overprinting to yield green,
see Figure 11. If a special boundary line is used, that chosen should be readily distinguishable
from any other line used to indicate a hardware boundary (see for example Figure 4). It is
also possible to use several shades of one colour to indicate functional grouping and to
employ grey shades to define hardware boundaries.

Inclusion of texts in diagrams

Documentation which presents diagrams and the related descriptive material separately is
inconvenient to use since frequent cross-reference is required by the reader. Improvement can
be effected in manuals by printing the descriptive material relating to a given diagram on the
facing page. If the diagram is divided into functional blocks, the descriptive material can
take the form of a block text diagram with an identical layout (see for example Figures 5 and 6,
pages 28 and 29). An even better method is to arrange for the text to be included in the
functional blocks (see for example Figures 10 and 11, pages 37 and 39). “

The principle of amalgamating text and diagram is well suited to equipment whose behaviour
can conveniently be explained by the use of waveforms or timing diagrams. The explanatory text
is broken up into appropriate sections and inserted in the waveform diagram with arrows
drawing attention to the relevant waveform features (see for example Figure 7, page 30). With this
method the diagram presents a coherent story and the need to refer repeatedly back and forth between
text and diagram is avoided.

User considerations

The presentation on each diagram should be matched to the skills possessed by the personnel
who will use it. Diagrams prepared for use by highly trained staff will generally contain much
more detailed information, but the explanatory material should be appropriately condensed and
a single title to each functional block will generally suffice (see for example Figure 10).
Those prepared for use by relatively untrained staff should provide a clear and simple
explanation of what each stage is intended to do and under what conditions it does it. The use
of pictorial items, such as panel faces or control modules, combined with schematic symbols and
signal flow paths to present the system for use by non-engineering trained personnel may be
helpful.

Maintenance considerations

Diagrams prepared specifically for maintenance purposes shall take account of the maintenance
philosophy applied to the plant or equipment they cover. They may thus range from simple block
diagrams suitable for a unit replacement philosopky to detailed circuit diagrams intended to enable
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expert technicians to locate and repair faults in complex. equipment. In all‘ cases the necessary
C\) information should be provided in as compact and convenient 2 form as possible.

This means the assembly on one diagram of information whigh — w?th normal QOF:um;ptatlon
— might require reference to a number of sources, such as a circuit diagram, a wiring iagram,
a layout drawing, explanatory texts and device data sheets.

The following principles are also rejevant: ) L ect]
a) Diagrams should be uncluttered and should not contain any data which is not directly

related to the maintenance proces-

b) Each diagram should be careful’: 14id out, not only to highlight signal flow and the functional

relationships between the variow=: stages but also to permit the insertion of data in the form

of texts, waveforms, diagrams. 2=%° values, etc. . .

¢) The internal circuits of non-re—=able devices are not generally shown, but mformaﬂon Z
enable them to be tested shou . =~z given. Thus the function of a p‘ackage fmd its input an
output voltages are of interest 7z ~7=7 than details of how it performs 1ts function.

o

(1

d) Information on the physical loxz= " of parts and components should.be shown.
e) Test points should be identifieC .- < <he relevant test data should be given.

f) Details of tag layouts, for exarm== = :ntegrated circuit pin numbers and transistor connections,
should be shown. A
g) Graphical symbols should havz ~==~ -eadability enhanced through the use of plctgrlal a .mor‘h.l
For example, a multipositior. = -~ shown schematically benefits from adding a pictoria

. drawing of the control knob w7 = position labels. . ' hips in an
( ) h) Electromechanical systems sz -2 show the mechanical and electrical relationships in

integrated presentation.

i) Pieces of equipment which caz ——%%v be replaced, and which may be stocked as spares should

1 5y
be marked with an extra-heav- = ==-0€. If the replaceable unit appears on more than one page
i indi e - tline.
of a diagram set, indicate this ~==- == a cross-hatched ou
. ‘ ) n
Note. — It is not always possible to inci=-== . <ne information required at a particular level on one diagram. In suc

) i be
cases suitable references to oti: .- z=75 O SOUICes should be provided. The additional data can often

located on a facing page of the === =>-

6.2 Block diagrams

In functional system documenz==--~— block diagrams concentrate on functional representation

rather than hardware. The bour—=-"-=* of the functional blocks may be defined by one of lt;he
methods mentioned in Sub-claus= ~ - and they should be careful}y.arranged to obtain a ¢ <,gr
i signal and logic flow. The size of == = -,=ks may not be related to their importance and they may b€

shaped to suit the layout. Main _— >~ paths or logic flow should be emphasized by the use of

- ) : ble
. . e = i by a suitable convention such as the use of dou
thicker lines. Feedback paths shot=— == identified by means of rails or busbars at

i s be shown separately by
arrows. Common supplies and s: == may _ : T DUESHE
some convenient part of the diac—— +heir connections to the functional blocks being indicated

by arrows. Alternatively apprc;ff’f;:::‘:y jabelled inputs may be shown — preferably on the
horizontal sides of the functiona. — -~=LS:

Information on the physical =~ —===00 of test points should be provided by means of inset

(” diagrams or by references to acc:” ———nying layout information as appropriate. 3
?/) Each functional block shoulc. =% 2 title and may contain explanatory te.xt. A; tl;elz zlliihzrf
levels it is often convenient to === -:n the functioning of an equipment entirely by block
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1 text (see for examplé Figure 8, page 35). Such diagrams are sometimes known as block text
C diagrams and they can also be used to complement low level diagrams (see Sub-clause 6.3).
)

6.3 Circuit diagrams

In functional system documentation circuit diagrams should provide detailed information
at the lowest levels in the hierarchy. They are especially prepared to highlight functional grouping
and performance. Each functional stage should be identified in a suitable manner and should
have a title in the form of a short description of the stage’s function, for example, buffer
amplifier, divide-by-ten counter.

Adjustable controls and test points can be emphasized by enclosing the symbols in white
(where they would otherwise be printed on a coloured background).

For testing purposes, diagrams must show terminal numbers, device pin connections, etc., and
give information to enable the actual circuit components to be located in the hardware.

Information such as notes, waveforms and explanatory texts which will facilitate the intended
purpose of the diagram should be included in so far as it is practicable. If additional information
is needed, it should be given in an associated block text diagram or by appropriate references to
supplementary data.

| 7. Examples of diagrams

Figure 1, page 20, is a first level functional block diagram prepared for a manual for a grinding
machine in a steel mill.

@

Figure 2, page 21, is a second level diagram prepared for the same manual and shows the
breakdown of the functional block designated “F1” in Figure 1.

These diagrams were prepared for use by relatively untrained maintenance personnel working
in a multi-disciplined environment. They are intended only to facilitate the speedy identification
of a faulty unit. In the manual each diagram was complemented on the facing page, with information
relating to the designated test points.

Figure 3, page 24, taken from a training manual, is a block diagram describing the operation
of some equipment in a small telephone exchange.

Figure 4, page 25, from the same manual, is the circuit diagram for the equipment shown in block
form on Figure 3.

Figures 5 and 6, pages 28 and 29, prepared primarily for training purposes, show a circuit diagram
complemented by explanatory text.

Figure 5 is a circuit diagram in which a background tone is used to identify functionally
related components.

Figure 6 complements Figure 5; it provides a textual explanation of circuit operation of the
functional block displayed in Figure 5.

Figure 7, page 30, gives the circuit diagram of a monostable delay generator and shows how
the operation of the circuit may be clarified by means of waveform diagram containing
textual explanations.

b . Figures 8 to 10, pages 35 to 37, are diagrams prepared for a television coder manual. They
illustrate the use of colour to define functionally related groups and sub-groups of components.
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. Figure 8, page 35, shows the location of front panel controls and of pre-set adjustments together
( ) with performance parameters and alignment notes. The highest level of functional sub-division is
given by the block text diagram on this page.

The limits of each block in Figure 8 are indicated by blue lines on the functional block diagram,
Figure 9, page 36. This shows two more levels of functional sub-division, each blue block giving
a reference to the page in the manual on which further information is provided. Note the use
of thick lines to emphasize main signal paths and of arrows to clarify the direction of signal flow.
The functional block diagram includes a large number of monitoring points and the facing page of
the manual (not shown here) gives information on their physical location together with diagrams
of the waveforms to be expected at each point.

Figure 10, page 37, is the functional circuit diagram for the two blue blocks at the right-hand side
of Figure 9. Note that the power supply decoupling circuits are shown in a separate functional block
to preserve the clarity of the presentation. The diagram includes device connection drawings and
information on the waveforms to be expected at monitoring points. The brevity of the textual
information presupposes thorough training of the staff who will use the manual. Note, however,
how the functional nature of the presentation together with the titling of the various stages
provides a sound basis for understanding the operation of the circuit.

Figure 11, page 39, isa diagram prepared for a manual for an audio-frequency test set. The colours
chosen to denote functional grouping in this manual are blue, green and yellow — the inter-
mediate colour being derived from the other two. The diagram includes three levels of functional
sub-division and it will be seen that hardware and functional boundaries do not coincide.
Note the use of double arrows to indicate feedback paths on this diagram. Power inputs to the blocks
‘ are shown by references, but in the case of the integrated circuit packages the information is
gﬁ\} given in the table on the left of the diagram.

Figure 12, page 41, is a block diagram showing the basic operation of the scanner unit of a
large data communication processor. The diagram is laid out in such a way that both the
functional and the physical aspects are shown to a degree which facilitates the identification
of a faulty printed circuit board. Signal names are used extensively to give the necessary detailed
information about the various control signals and data paths. The numbers in brackets constitute
signal cross reference information. Data busses are emphasized by heavy lines and the storage
of data and signals is shown by a heavy line across the inputs concerned. The general symbol for
achanger is used for complex combinative logic arrays. The width of data is designated either by the
signal name or by showing the first and last identifying number of the bits concerned inside
the block symbol. In addition, the relevant bits are grouped by a line parallel to the respective
part of the symbol.
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