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Part 2 Engineering Practices and Processes

Leaflet 2-1 Engineering Drawings

1.1

1.2

1.3

2.1

2.2

Introduction

The purpose of an engineering drawing is to record and convey the designer’s
requirements. The drawing must therefore, include sufficient information to enable
production planning, manufacture, assembly, testing and inspection of the particular
component or assembly to be carried out. So that there can be no misinterpretation
of drawings, it is essential that both the person preparing the drawing and the person
using the drawing should have a knowledge of the terms, symbols, abbreviations, and
methods of presentation. This Leaflet gives general guidance on the various aspects
of engineering drawings and should be considered in conjunction with any special
methods used by the design office responsible for a particular drawing. This Leaflet
is not intended as a standard for drawing offices, but should be regarded as a general
guide to drawing procedures and interpretation.

NOTE: This Leaflet deals with general engineering drawing procedures, and does not
include information on specialised subjects, such as electrical or electronic drawing
practice, computer produced lofting, or numerically controlled tapes.

Drawing practice in the United Kingdom generally conforms to British Standard
(BS) 308. The particular requirements for companies within the aerospace industry in
the UK, are covered in the recommendations contained in the Society of British
Aerospace Companies’ (SBAC) Technical Specification (TS) 88. Design organisations
amend both the BS and SBAC drawing systems to suit their own particular
requirements, and generally produce their own Drawing Office Standards.

For current projects the International Organisation for Standardisation (ISO) system
for dimensioning and tolerancing of drawings is used, but, at the present time,
Imperial units, Metric units, terms, and tolerances, may be found on many drawings.

The abbreviations listed in Table 3 and the conventional representations of some
standard features shown in Figures 10 and 15, are in accordance with BS 308 and will
be found on most drawings. The terms and symbols used for tolerances in
accordance with ISO recommendations, are shown in Table 5.

The Authority of the Drawing

Civil aircraft manufactured in the United Kingdom are manufactured from parts and
components which have been manufactured to approved drawings. Design drawings
and associated documents are normally produced by an organisation which has been
approved by the Civil Aviation Authority, in accordance with British Civil Airworthiness
Requirements (BCAR).

BCAR prescribes that all calculations on which the airworthiness of an aircraft
depends, must be independently checked. Thus the design drawing itself is subject
to a system of inspection, as are the parts produced to its requirements.

Drawings are used by Purchasing Departments, Production Engineers, Planners,
Inspectors, and personnel engaged on the manufacture and assembly of
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3.1

3.2

3.3

3.4

3.5

components. A drawing must therefore, contain all the necessary dimensions, limits
of accuracy, classes of fit, material specifications and any other information likely to
be required by any of the departments concerned, so that the user can carry out their
respective responsibilities without reference back to the Design Department.

Any deviation from the approved drawings or associated documents during
manufacture, must be approved by the CAA. During overhaul, modification,
maintenance and repair, the Approved Organisation, or the appropriately licensed
engineer, must ensure that all replacement parts, or repairs carried out, are in
accordance with the approved drawings and associated documents.

Types of Drawings

There are four types of drawings recommended in BS 308; single-part (unique parts
or assemblies), collective (parts or assemblies of essentially similar shape, but of
different dimensions), combined (a complete assembly including all individual parts
on a single drawing), and constructional (an assembly drawing with sufficient
dimensional and other information to describe the component parts of a
manufacture). A complete set of drawings for an aircraft and any documents or
specifications referenced on the drawings, present a complete record of the
information required to manufacture and assemble that aircraft. They also form part
of the inspection records. The manner in which a set of aircraft drawings is arranged,
enables any particular component, dimension, procedure or operation, to be traced.

A main 'general arrangement' drawing of the aircraft and 'general arrangement'
drawings of the main assemblies and systems are provided. These drawings usually
contain overall profile particulars only, with locations and references of the associated
main assembly and installation drawings; they also provide a guide to the
identification of drawing groups used by the particular design organisation.

Main assembly drawings may also contain profile particulars only, but will include the
information required for the assembly of individual parts of sub-assemblies. The
sequence of assembly is given where appropriate, but the information contained in
single part or sub-assembly drawings, is not repeated. Parts as such are referenced,
but in the case of sub-assemblies, only the sub-assembly will be referenced and not
its individual parts.

Installation drawings are issued to clarify the details of external dimensions and
attitudes of components, locations, adjustments, clearances, settings, connections,
adaptors, and locking methods between components and assemblies.

Sub-assembly drawings are issued to convey specific information on the assembly of
component parts. When the method of assembly entails welding, or a similar
process, the drawing will include details of any heat treatment or anti-corrosive
treatment that may be necessary. Sub-assembly drawings are sometimes issued in
connection with spares provisioning and also in cases where assembly would be
difficult without special tools, jigs or techniques.

Drawings of individual parts contain all the information necessary to enable the parts
to be manufactured to design requirements. The material specification, dimensions
and tolerances, machining details and surface finish, and any treatment required, will
all be specified on the drawings.
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Typical Engineering Drawing

Figure 1
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4.1.2

4.2

4.2.1

4.2.2

Drawing Systems

Section A of BCAR, prescribes that each drawing must bear a descriptive title,
drawing number, issue number and the date of issue. It also prescribes that all
alterations to drawings shall be made in accordance with a drawing amendment
system which will ensure amendment to design records. If an alteration is made, a
new issue number and date must be allocated to the drawing. To comply with the
requirements, procedures must be introduced to progressively amend the total
definition of the product in terms of its associated list of drawings at specific issues.
Each particular variant of a product and its state of modification, must be identifiable
in relation to the appropriate list of drawings. The following paragraphs amplify these
procedures and explain the purposes of various parts of a drawing, together with the
systems used and the methods of presentation. A typical drawing which illustrates
many of the features with which this Leaflet is concerned, is shown in Figure 1.

The Drawing Number

No two drawings should bear identical numbers and a design office should maintain
a register of all drawings issued. The drawing number has three features, the project
identity (A2 in Figure 1) the group breakdown (21 in Figure 1), and an individual
register number (29 in Figure 1). TS 88 describes an acceptable numbering method,
but considerable discretion is allowed for particular design office requirements. In
Figure 1, A2 indicates the aircraft type, R indicates a repair, 21 indicates the front
fuselage, and 29 indicates the register number in this group of drawings. Except for
repair drawings, the drawing number is also generally the part number of the item.

Handed Parts

Drawings of handed parts usually have the left hand (port), upper, inner, or forward
part drawn, this item taking the odd number and the opposite hand the consecutive
even number. Parts which are not handed have an odd drawing number. The drawing
sheet bears the legend 'AS DRAWN' and 'OPP HAND' in the item quantity column.
Where necessary the handed condition is indicated by a local scrap view or
annotation.

Sheet Numbers

Where a complete drawing cannot be contained on a single sheet, successive sheets
are used. The first sheet is identified as 'SHEET 1 of X SHEETS', as applicable and
subsequent sheets by the appropriate sheet number. Where a schedule of parts
applicable to all sheets is required, it appears on Sheet 1.

Drawing Changes

Any change to a design drawing, other than the correction of minor clerical errors,
must be accompanied by a new issue number and date. New parts added to the
drawing, or 'drawn on' parts affected by the change, take the new issue number, and
parts which are not affected retain the original issue number. In all cases where
interchangeability is affected, a new drawing number and part number are allocated.

Details of the drawing changes are recorded in the appropriate column on the
drawing, or recorded separately on an 'Alteration Sheet', which is referenced on the
drawing. Changes are related to the change number quoted in the change of issue
columns on the drawing and the marginal grid reference is given to identify the altered
features.

The issue 'number' may sometimes be represented by a letter. Some organisations
use alphabetical issues for prototype aircraft drawings and numerical issues for
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4.3.3

4.3.4

4.4

441

4.4.2

production aircraft drawings; thus all drawings of a prototype aircraft become
‘Issue 1' when production commences.

An alteration to a single part drawing may also result in changes to associated
drawings; in addition, it may be necessary to halt manufacture or assembly of the
product. The drawing office system usually makes provision for the proper recording
of drawing changes, by publishing, concurrently with the re-issued drawing, an
instruction detailing the effects these will have on other drawings, on work-in-
progress and on existing stock. As a further safeguard, some organisations publish
Drawing Master Reference Lists, which give details of the current issues of all
drawings which are associated with a particular component or assembly.

Part Referencing

Every item called up on a drawing is given an item number, which is shown in a
‘balloon’ on the face of the drawing, as illustrated in Figure 1. No other information is
given in or adjacent to the balloon, with the exception of information necessary for
manufacture or assembly, such as 'equally spaced’, 'snap head inside’, or the symbol
‘ND', which indicates that no separate drawing exists for the part.

A schedule of parts is usually given in the manner shown in Figure 1, or on a separate
sheet of the drawing (see paragraph 4.1.2).

As an alternative to the system described above, grid references may be given in the
list of parts; in such instances the actual part numbers appear in the balloons. \Where
a part occurs a number of times on a drawing, e.g. as may be the case with rivets,
bolts, etc., it may be impractical to list all grid references, in which case this column
is left blank.

In instances where ND parts are shown as items on a drawing, the part number of
such items may be that drawing number, followed by the drawing item number.
Alternatively the part may be given its own part number, but will be identified as an
ND part, e.g. 'A1 31 101 ND'. The information required for the manufacture of an ND
part is contained in the description and material columns of the drawing, but
reference may also be made to other drawings, where necessary.

Materials such as locking wire and shimming, which are available in rolls and sheets,
will be detailed by specification number in the 'Part No' column, and the quantity will
be entered as 'As Required’, or 'A/R'. Standard parts to BS and SBAC Specifications
will be detailed by the appropriate part numbers, but will not be drawn separately.

Drawing Queries

Drawing gueries may arise through mistakes in draftsmanship, through ambiguity or
through inability to purchase, manufacture, or assemble the items as drawn. Design
Office procedures must be introduced which cater both for raising queries, and for
providing satisfactory answers to those queries.

Drawing queries are usually raised on a Drawing Query Form, which is passed to the
Design Office for action. The answer to the query may be an immediate provisional
one, detailed on the query form; a temporary, fully approved answer, issued by means
of a Drawing Office Instruction, and having the same authority as the drawing to
which it refers; or a permanent answer provided by means of a new or re-issued
drawing.

Drawing Query Forms and Drawing Office Instructions should be suitably identified,
and should be referenced on the amended drawing. The effects on other drawings,
on existing stock, and on work-in-progress, should be included in the answer to the

query.
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4.4.3  The number of Drawing Query Forms or Drawing Office Instructions permitted on a
drawing, should be limited, and a new or re-issued drawing should be completed as
soon as possible.

5 Interpretation of Drawings
The following paragraphs indicate some of the general drawing practices used on
aircraft drawings. These practices are in accordance with the recommendations
contained in BS 308 and TS 88, but many drawings will have been issued to previous
British or foreign standards, and some degree of interpretation may be necessary. In
cases of doubt the Drawing Office Handbook, or similar publication issued by the
relevant Design Organisation should be consulted.

5.1 Scale
Drawings are normally drawn to a uniform scale and are normally shown in the
'ORIGINAL SCALE' box on the drawing in the form of a ratio, e.g. 1:2 (i.e. half size).
Where details or views are drawn to a different scale, this should be clearly stated on
the drawing. Aircraft drawings are often full size, i.e. 1:1, but no drawing should be
measured to obtain a particular dimension which is not shown; the omission should
be referred to the Design Office. On earlier drawings the scale may be represented
by a fraction, e.g. % which is 1:4.

5.2 Lines
The types and thicknesses of lines recommended in BS 308 are shown in Table 1.
Drawings are often completed in pencil, however, line thickness may in practice vary
considerably, especially after the drawing is reproduced.

Table 1 Types of Lines
Example Description Width Application
(mm)
Continuous (thick) | 0-7 Visible outline and edges.
Continuous (thin) 0-3 Fictitious outlines and edges,
dimensions and leader lines,
hatching, outlines of adjacent
parts and revolved sections.
Continuous 0.3 Limits of partial views or
irregular (thin) sections when the line is not on
axis.
_______ Short dashes (thin) | 0-3 Hidden outlines and edges.
| Crhain (thin) 0-3 Centre lines and extreme
positions moveable parts.
__ _ _ _ —_ | Chain (thick at| 07 Cutting planes.
ends and changes
of direction, thin
elsewhere). 0.3
— _ _— _ _—_ | Chain (thick) 0-7 Indicates surfaces which have to
meet special requirements.
1 July 1990 Part 2 Leaflet 2-1 Page 6
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5.3

5.3.1

53.2

53.3

54

Projections

The majority of drawings produced for aircraft purposes show the parts in third angle
orthographic projection (paragraph 5.3.1), but a number of older drawings may have
been produced in first angle orthographic projection (paragraph 5.3.2). Both systems
show objects as they actually are, both in size (unless for convenience the drawing is
scaled up or down) and shape, when viewed in the vertical and horizontal planes. The
projection used for a drawing must be clearly stated, and the appropriate international
projection symbol must be placed in a prominent position on the drawing. Any views
not complying with the projection stipulated, e.g. a view showing the true shape of
an inclined face, are generally marked with an arrow, and suitably annotated.

Third Angle Projection

The principle of third angle projection is shown in Figure 2. Each view represents the
side of the object nearest to it in the adjacent view.

SYMBOL

FRONT VIEW B
SIDE VIEW C SIDE VIEW C FRONT VIEW B

Figure 2 Third-angle Projection

First Angle Projection

The principle of first angle projection is shown in Figure 3. Each view represents the
side of the object remote from it in the adjacent view.

Isometric Projections

These are pictorial views of an object, which are drawn with the three axes inclined,
usually at an angle of 30°, to the plane of projection. The central drawing in Figure 2
and in Figure 3, is an isometric projection. Isometric views are sometimes used in
drawings to indicate the position that the component occupies in the aircraft, or as a
guide to understanding a complicated drawing.

Views

In general, all principal elevations are drawn looking at the left side of the aircraft, and
the left hand item of handed parts is drawn. Other views are clearly annotated, e.qg.
‘'view looking forward on frame'. The number of views shown on a drawing will

1 July 1990
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depend on the complexity of the part, although two views may often be sufficient. In
some cases the three main views (Figures 2 and 3) may be insufficient to clarify all
the details necessary, and a number of sectional or auxiliary views may be necessary.

FRONT VIEW B

SIDE VIEW C

c

A

FRONT VIEW B SIDE VIEW C

\

7

PLAN A

Figure 3 First-angle Projection

Figure 4 Part Section

1 July 1990
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Figure 5 Half Section
5.4.1 Sectional Views

A sectional view may show a plan or elevation in complete section, the plane of the
section being along one of the main centre lines. Where full sectioning is considered
unnecessary, a part or half section may be used, and staggered sections are often
used to illustrate particular features. Typical sectional views are illustrated in Figures
4,5 and 6.

a) Hatching lines are normally used to indicate the exposed section, but these may
be omitted if the drawing is clearly understandable without them. Hatching lines
are usually drawn at 45° to the axis of the section, and adjacent parts are hatched
in different directions.

b) Bolts, rivets, shafts, ribs, and similar features are not normally shown in
longitudinal section.
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-

fo——A SECTION A-A

Figure 6 Staggered Section

5.4.2  Auxiliary Views

Neither a plan nor an elevation will show the true shape of a surface inclined to the
plane of projection. The true shape of such a surface is shown by means of an
auxiliary view, the auxiliary plane being imagined as being parallel to the surface being
illustrated, as shown in Figure 7.

VIEW IN DIRECTION
OF ARROW

™

Figure 7  Auxiliary View

1 July 1990 Part 2 Leaflet 2-1 Page 10



CAP 562

Civil Aircraft Airworthiness Information and Procedures

ONE HOLE THIS
SIDE ONLY

Figure 8 Symmetrical Parts

5.4.3 Symmetrical Parts
Parts which are symmetrical, or nearly so, may not be fully drawn. Sufficient
information is normally provided by drawing one half or segment of the part; any
asymmetry being identified by a note. Figure 8 shows a symmetrical part, and
illustrates the method of defining the line of symmetry.
5.4.4  Repetitive Information
Where several features are repeated in a regular pattern, such as rivets, bolts, or
slots, only the number required to establish the pattern may be shown, by marking
their centrelines. Any further information will be given in a note. Figure 9 shows a
typical skin joint which could be drawn in this manner.
Tl/———\/\/?
l: |‘
.:l '
I |
i |
G i+
+h+ + - = S —— T+ Ty Y
Ho+ + - - - + + |+
+$+ + - - - + o+ 4!
i+ " P
o+ - - ~ + + !
+q+ + - - - —t+ + +
[ty 4]
4 |
[}
£ i
| | J
Ly\/\———L
Figure 9 Repetitive Features
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ROUND TUBE RECTANGULAR (WOOD)
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55

5.6.1

Figure 10 Break Lines

Break Lines

Break lines are used where it would be inconvenient (because of limited space) to
draw long lengths of standard section. The types of break lines used for various
components are shown in Figure 10.

Dimensioning

All dimensions necessary for the manufacture of the part or assembly are given on
the drawing; it should not be necessary to deduce any dimension from other
dimensions. To avoid confusion, dimensions are normally given once only. The units
of measurement used are usually stated on the drawing, to avoid repetition, but any
dimension to which this general statement does not apply will be suitably annotated.
Dimensions are placed so that they may be read from the bottom or right hand side
of the drawing.

When dimensions are given from a common datum, one of the methods shown in
Figure 11 is normally used. Chain dimensioning, i.e. dimensioning between adjacent
holes, is not often used, since it allows a build up of tolerances, which may not be
acceptable. An alternative method, used with riveted joints, is to locate the end holes
and add a note such as '11 rivets equally spaced'; this method is useful on curved
surfaces.
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Figure 11 Dimensioning from a Common Datum

5.5.2  Machined components are usually measured by a system of functional and non-
functional dimensions. The functional dimensions are those which directly affect the
function of the component, e.g. the length of the plain portion of a shouldered bolt. A
non-functional dimension would be the depth of the bolt head, and other dimensions
chosen to suit production or inspection. Auxiliary dimensions may also be given,
without tolerances, for information.
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R 180

Figure 12 Dimensioning Profiles by Radii

Figure 13 Dimensioning Profiles by Ordinates

5.5.3 Dimensioning of Curved Profiles

ltems the profiles of which are curved, are where practicable, dimensioned by means
of radii, as shown in Figure 12. Where a radius is very large, and the centre of the arc
could not be shown on the drawing, the method shown for the R150 dimension in
Figure 12 may be used; the portion of the radius which touches the arc being in line
with the true centre. Where this method cannot be employed, a system of ordinates
may be used, as shown in Figure 13. The radii method is usually preferred, since
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accurate arcs can be produced; whereas with the ordinate system, deviations from
the required curve may occur as a result of connecting the plotted points.

5.6 Dimensional and Angular Tolerances
A general tolerance is usually given for all dimensions on a drawing and may be found
in the appropriate box on the printed layout. Where the general tolerance is
inadequate or restrictive, an individual tolerance may be given to a dimension.

5.6.1 Tolerances may be expressed by quoting the upper and lower limits, or by quoting the
nominal dimension and the limits of tolerance above and below that dimension.
Examples of both linear and angular tolerances are shown in Figure 14. Geometric
tolerances are dealt with in 5.11.

| 0
336 l L 3304 l 125 + -01 l
—E -
|
]
r\,@ R3,140,5
42
] 4‘¢ 40 \
[ F—Q gg l SPHE
043
t
28°30° \
27°50° /r
'
15°10" 4-30°
Figure 14 Dimensional Tolerances

5.7 Machining and Surface Finish
When a machining operation is required on a particular surface, the symbol is yvd
used, and is located normal to that surface. When the component is to be machined
all over, the symbol <~ ALL OVER is used, and, in some cases, the type of
machining is indicated with a note such as Vﬁ

5.7.1 The machining symbol is also used to indicate the surface finish required; the
maximum roughness figure being added to the symbol thus:ﬁ. The surface finish
quoted on a particular drawing depends on the system being used. The relationship
between the various systems is included for reference in Table 2. Detailed
information on the assessment of surface texture is provided in British Standard (BS)
1134 and International Organisation for Standardisation ISO/R 468 and specifications
for roughness comparison specimens are contained in BS 2634.
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5.8

5.9

5.10

5.11

Table 2  Surface Texture Equivalents

Nominal |micrometre |0-025/0-05| 01 | 0-2 |04 |08 | 16|32 ]|63|125| 25 | 50
Values

microinch 1 2 4 8 16 | 32 | 63 | 125 | 250 | 500 | 1000|2000

Roughness Number N1 | N2 | N3 | N4 | N5 | N6 | N7 | N8 | N9 [ N10 | N11 | N12

Abbreviations and Symbols

In order to save time and drawing space when compiling a drawing, a number of
abbreviations and symbols are used. Table 3 lists the main abbreviations and symbols
which will be found on both currently produced and older drawings.

Conventional Representations

Common features, which may appear several times on a drawing, are seldom drawn
in full, since this would take up space and drawing time, unnecessarily. These
features are shown by conventional representations, some examples of which are
illustrated in Figure 15.

e 777 L7 .

S W R 1 B I R 74 § . @_))

v,

YD e 77

EXTERNAL THREAD  INTERNAL THREAD THREAD INSERT SPLINED SHAFT

SPRING BEARING KNURLING SQUARED SHAFT

Figure 15 Conventional Representations

Process and Identification Markings

Drawings will often call for identification markings on parts and will indicate both the
position of the markings and the method of application, e.g. rubber stamp. In addition,
it is sometimes necessary to mark the component to show that a particular process
has been carried out and this will also be specified on the drawing. Symbols are
normally used for this purpose and some of the more common ones are shown in
Table 4. Some Design Organisations may use different symbols or code letters, which
should be obtained from the Drawing Office Handbook, or similar publication,
produced by the organisation concerned.

Geometric Tolerances

It is sometimes necessary to place tolerances on both geometric features and
dimensions, in order to adequately control the shape of a part. On older drawings this
was done by annotating the feature to be toleranced, e.g. POSN TOL, and by adding
notes to the drawing, in order to specify the tolerance and the method of checking.
On newer drawings, the international system recommended in BS 308 is used, and
this method is outlined in the following paragraphs.
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Table 3  Abbreviations and Symbols
Term Abbreviation Term Abbreviation
Across Flats A/F Pattern number PATT NO
Assembly ASSY Pitch circle diameter PCD
British Standard BS Pneumatic PNEU
Centres CRS Pound (weight) LB
Centre line CLor @ Radius RAD or R
Chamfered CHAM Reference REF
Cheese Head CHHD Required REQD
Counterbore C'BORE Revolutions per minute RPM or
REV/MIN
Countersunk CSK Right Hand RH
Cylinder or cylindrical CYL Round head RD HD
Degree (of angle) © Screw thread:
Diameter - in a note DIA British Association BA
- as dimension | ¢
Figure FIG British Standard Fine BSF
Full indicated movement |FIM British Standard Pipe BSP
Hardness - Brinel HB British Standard
- Rockwell HR Whitworth BSW
(+scale letter) Unified Coarse UNC
- Vickers HV Unified fine UNF
Hexagon HEX Unified special UNS
Hexagon head HEX HD Screwed SCR
Hydraulic HYD Second (of angle) "
Inch IN or “ Sheet SH
Insulated INSUL Sketch SK
Internal diameter I/D Specification SPEC
Left Hand LH Spherical diameter SPHERE &
Long LG Spherical radius SPHERE R
Machine M/C Spotface S'FACE
Machined M/CH Square SQ
Material MATL Square inch SQ IN or IN2
Maximum MAX Standard STD
Max material condition MMC or @ Standard wire gauge SWG
Millimetre MM Taper E
Minimum MIN Threads per inch TPI
Minute (of angle) Undercut U'CUT
Not to scale NTS Volume VOL
Number NO Weight WT
Outside diameter O/D

NOTE: Capital letters are normally used on a drawing, for clarity, but lower case letters may

be used elsewhere as appropriate.
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Table4  Process and Treatment Symbols

Process or Treatment Symbol
Solution treated and not requiring precipitation............ccccccccoeeeieeiieeinnn, @

Solution treated and requiring precipitation ...........cccooooeiiiiee e @
Precipitation treatMment .........c.ooiii e @

Solution treated and Precipitated .........cooeeiiiiei e
ANNEAIEA ... @
Hardened and tEMPEred .........coooiiiiiie e @
MECNANICAI TEST........ieeeieeeeeee e, @

DYE PENETIANT CRECK .....viiiee i
URIa=SONIC TEST..uiiiiiieiiiie ittt @
ANOAIC FlaW DBTECTEA ... .viiiiiii i
Cleaned (DIPES) .. .o e

Repaired and reCoONdItioNed ..........cooii oo @

Normalised STEEI PArtS ........oeiiiiiiieii e @

PFOOF I0AAS ...
SHESS TNV ...
PIESSUIE TEST....vvvvvvvovooooo oo
Xy FIAW ETECHION ..o
SAIVAGEA. ..o (s)

Electro-magnetic flaw detection .............coovoiio oo
WVBIAING e e @
EtCh iNSPECiON Of STEEI......iiviivie oo, @
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5.11.1

Information relating to a particular geometric tolerance is enclosed within a
rectangular frame on the drawing, an arrow from the frame indicating the location of
the feature to which the tolerance applies. If the tolerance is related to a particular
datum, a leader line is drawn from the frame to the datum position, or the datum is
referenced separately, and identified by a letter in the frame. Unless the datum is a
dimension, it is defined by a solid equilateral triangle. Examples of the methods of
indicating geometric tolerances are shown in Figure 16, and the symbols used to
identify the characteristic to which the tolerance is applicable are listed in Table 5.
Detail (f) in Figure 16 shows a completely dimensioned component.

f RGK)
1
[___;__..JJL__
|
(a) PARALLELISM (b) PERPENDICULARITY (c) POSITION
#25-0,2
BOAA] | | “{@[g0.26[A®
6-0.2 !
() '
’é» T
12205
| | o
o ¢ #6-0.1
(d) CONCENTRICITY (e) SYMMETRY (f) COMPLETELY

DIMENSIONED PART

5.11.2

511.3

Figure 16 Geometric Tolerances

As a guide to the interpretation of a geometric tolerance, reference may be made to
detail (e) of Figure 16. This indicates that a symmetry tolerance of 0-3 mm is required,
with respect to datum features A and B. This tolerance indicates that the axis of the
hole must be between two parallel planes, 0-3 mm apart, which are symmetrically
disposed about the common median plane of the slots in the end of the part. The hole
could also, if necessary, be marked to indicate a symmetry tolerance at 90° to the
plane specified, and the tolerance for this could be different.

The symbol (M) in detail (f) of Figure 16, indicates that the tolerance applies only to
the maximum material condition of the dimension or datum feature and may be
greater at the actual finished size.

1 July 1990
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Table5 Geometric Tolerance Symbols

Feature Type of tolerance Characteristic Symbol
Straightness -
Flatness E
Roundness O
Single Form
9 Cylindricity LY
Profile of a Line m
Profile of a surface Q
Parallelism
//
Attitude Squareness
Angularity —
Position @
Related ]
Location .
Concentricity @
Symmetry —
Composite Run-out /
Maximum material condition @
Dimension which defines a true position

Tolerance Frame

Datum feature

l

Symbol for Used when .
characteristic S @ @ 214 | A @ /toleranceapphes

to be toleranced to the MMC of the

/ feature
Used where tolerance \

is circular or cylindrical Total tolerance
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Leaflet 2-2 Clean Rooms

1.1

Introduction

The higher reliability requirements specified for aircraft system components and in
particular, those associated with complex electronic, instrumentation and mechanical
systems, (see Leaflet 10-5) necessitated the development of techniques for
controlling contamination which in various forms is a common cause of component
failure. It also became necessary to apply these techniques to selected areas of
manufacturing and aircraft operating organisations in which the various processes of
manufacture, overhaul and testing can be carried out under controlled environmental
conditions. Such selected areas are referred to as Clean Rooms, the design and
manufacture of which form part of an independent and highly specialised field of work
to British Standard BS 5295 Parts 1, 2 and 3.

The information given in this Leaflet is intended purely as a guide to the subject of
Clean Rooms. Subject headings are as follows:

Subject Paragraph
Sources of Contamination 2
Control of Contamination 3
Size of Contaminants 4
Classification of Air Cleanliness 5
Classification of Clean Rooms 6
Environment and Comfort Control 7
Air Handling Systems 8
Layout of Clean Rooms 9
Manufacture of Clean Rooms 10
Clean Room Furnishings 1
Clean Room Garments 12
Clean Work Stations 13
Clean Room Operation 14
Maintenance of Clean Rooms 15

Sources of Contamination

Any substance that causes failure or malfunctioning of a component is a contaminant,
the particles of which may take a variety of forms and stem from many sources.

1 July 1990
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2.1

2.2

2.3

2.3.1

2.3.2

2.3.3

2.4

2.4

Air
The air which continually surrounds the components may be considered as a

contamination storehouse containing dirt and dust particles, organic and inorganic
vapours.

Manufacture

Contaminants are produced during all manufacturing processes. Particles, such as
swarf resulting from a machining operation, or particles forced into the surface of a
component during a pressing or heating process, can be of such a nature that their
effect can be immediate or delayed. Depending on the composition of the particle and
component materials, the alloys or compounds formed by interaction can result in
serious loss of a component’s structural strength over a period governed by the rate
of diffusion.

Assembly

During the assembly process the possibility of introducing contaminants is probably
greatest because of exposure to the highest levels of contaminant sources. In the
soldering process for example, the vapourisation of flux causes particles to escape
into the surrounding air which, on cooling, condense as droplets on a nearby cold
surface of the component. Depending on the location of the particles and the forces
applied to them, they can act as a contaminant with an immediate or delayed effect.

The use of jointing adhesives can also produce contamination similar to that of a
soldering process. In addition, vapours can be given off which can migrate to other
parts of an assembly and act as a delayed-action contaminant.

Assembly of components using threaded joints can produce fibre-shaped fragments
or flakes as a result of an effect similar to wire drawing. For extremely close fit or for
balancing purposes, it may be necessary to fit individual parts of a component
together by grinding, lapping or honing operations. In any such operation,
contaminant particles can be dispersed in the atmosphere, suspended in fluids,
adhere to the surfaces of component parts, or become embedded into the surfaces.

Assembly of components in jigs, or while being handled or supported by tools, may
result in deformation of surfaces and production of contaminant particles. For
example, if during tightening of a bolt, slippage of the spanner jaws occurs, particles
are produced from the bolt head. Particles are also produced from the heads of bolts
or screws and component surfaces during final tightening.

Storage and Transit

During the second period of assembled components and of associated independent
parts, contamination can occur in several ways notwithstanding the use of protective
coverings or containers. Particles from the air may be deposited as a result of
gravitational settling and also as a result of electrostatic effects. Improperly cleaned
containers or covers may transfer particles to components, in particular where
padded containers and plastics containers are used. In the first case, the contours of
the container may trap particles which are not released until the component causes
deformation of the padding. In the second case, plastics containers may pick up
particles from the air due to electrostatic charging and hold them until transferred to
the packed component.

Containers which are not hermetically sealed are subject to a 'breathing' cycle as the
temperature of the container varies. During the intake portion of the cycle, particles
in the air surrounding the container may be drawn into a position where they can
contaminate the component.
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242

25

2.5.1

252

253

2.6

2.6.1

The movement of packed containers during transit is also a source of contamination
since it may dislodge contaminant particles not previously cleaned off, or create new
particles by abrasion.

Component Cleaning Processes

A cleaning process is actually a process of transforming contamination from a high
level of concentration to a lower one; therefore, tolerance levels must be considered
relative to the component’s function and required operational accuracy.

The transfer of contaminant particles is dependent on the methods used in the
cleaning process, i.e. whether wiping or polishing with an absorbent or collecting
material (dry cleaning transfer) or cleaning by means of a liquid (wet cleaning transfer).
Problems exist in each of these processes.

The ways in which dry cleaning can contaminate include the following:
a) Removal of fibrous particles from the cleaning material.

b) The material, after use, may have a particle concentration sufficiently high so that
as much contamination is left on the component as is removed.

c) Wiping or polishing action can cause particle adhesion as a result of electrostatic
charges.

d) Particles can be moved about on a component surface without necessarily being
lifted from the surfaces.

In the wet cleaning process, the contaminated surfaces are exposed to clean fluid
which will wet the particles and the surfaces. The fluid or the component is then
agitated so as to pull particles from the surfaces. After a specified period the
component is withdrawn and the surfaces are dried. The ways in which wet cleaning
can contaminate include the following:

a) It is often difficult to obtain clean fluid and to keep it clean when handling it.

b) Agitation of the fluid is normally done by ultrasonic means, but there is a possibility
of re-contamination of the amplitude if agitation is not large enough to remove
particles an appreciable distance from the surface of the component.

c) Often a wet surface may have particles in the liquid layer that can easily be moved
laterally over the surface but are removed from the liquid layer only with great
difficulty.

d) Until the component is dried, any airborne particles will collect on the wet surface
and remain.

Personnel Activity

The activity of personnel is probably the greatest single cause of contamination which
arises from several sources. The act of walking, or other movements required at a
work bench, produces transient air currents which re-distribute airborne particles and
the brushing off of particles from many surfaces. Another contaminant source is the
shedding of skin and hair particles. The outer layers of skin flake off almost
continuously, the flake rate and size depending on the amount of abrasion to which
the skin is exposed and its condition.

Exhaled air is another source of contamination since it contains moisture-retaining
solid particles and is usually acidic in nature. Perspiration from the skin is a similar
hazard.

1 July 1990

Part 2 Leaflet 2-2 Page 3



CAP 562

Civil Aircraft Airworthiness Information and Procedures

3.1

Control of Contamination

Control of contamination is effected in two ways: by establishing a clean room, which
will provide a clean atmosphere and working conditions and by rigid routines adopted
by personnel to prevent process, transfer and associated sources of contamination
while working within the area of the clean room.

The manufacture of a clean room and its air handling system (see paragraph 8) must
be designed to control airborne particles over a range of sizes and suited to the nature
of the work performed in the room. Control is accomplished by filtration of the air
entering the room, changing the air to remove generated particles, designing walls,
floors and furnishings to be resistant to particle generation and retention, protecting
components from impact and settling of particles and providing additional areas for
cleaning of parts and personnel.

Size of Contaminants

The degree to which contaminants are effectively controlled is determined by
measurements of the size of particles and the number in a given volume. The
conventional unit of measurement is the micrometre (um). In general, the filtration
systems of clean areas are designed to control particles of 0-5 um and larger in size.

Classification of Air Cleanliness

In addition to all principles of air-conditioning, certain specialised cleanliness
requirements are defined by standards which establish classes of contamination level
to be achieved in the design of a clean room for a specific task. Classifications relate
to the number of contaminant particles 0-5 um and larger in size, present in one cubic
metre of air. Four classes of contamination level are generally adopted and these are
shown in descending order of cleanliness in Table 1. Special classifications may be
used for particle count levels where special conditions dictate their use. A summary
of the cleanliness requirements for some typical products is given in Table 2.

Table 1

Controlled Recommended Air Recommended Max. Permitted Number of Particles per m? (equal to, | Final

Environment | Flow Configurations | Periodicity for Air or greater than, stated size) Filter

(Clean room, Sampling and Particle Efficiency

work station Counting 05 1 5 10 25 %

or clean box) hm Hm Hm hm v

Class 1 Unidirectional Daily or continuous by | 3 000! Not Nil Nil Nil 99.995

automatic equipment applicable
Class 2 Unidirectional Weekly 300,000 | Not 2,000 30 Nil 99.95
applicable
Class 3 Unidirectional or Monthly 1,000,000 | 20,000 4,000 300 95-00
conventional

Class 4 Conventional 3-monthly 200,000 | 40,000 |4,000 70-00

Controlled Normal ventilation — — — — — — —

Area

Contained Unidirectional To suit required class 99.997

Work Station and application

Portable Clean | As selected To suit required class To suit required class To suit

Boxes and application required
class

1. Subject to maximum particle size of 5 um
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6 Classification of Clean Rooms
The cleanliness achieved by a clean room is dependent on the air-handling system’s
capacity to purge the room of contaminant particles. This includes not only
effectiveness of the filters and the number of air changes per hour but also the
distribution of the air within the room. There are two main methods of distributing air
into clean rooms namely, conventional clean rooms and unidirectional-flow clean
rooms, and these also serve as the basis of clean room classification.
6.1 Conventional Clean Rooms
Conventional clean rooms are based on recognised air-conditioning techniques. The
conditioned air is highly filtered and distributed through ceiling-mounted diffuser
outlets and then exhausted from return airducts located near the floor around the
periphery of the room (see Figure 1). In addition to direct emission from the diffuser
outlets, spreading of conditioned air throughout the room is obtained by secondary
mixing of the air caused by thermal effects of warm and cool air currents. This is an
advantage from the point of view of maintaining conformity of room temperature
conditions, but the turbulence created gives rise to the problem of contaminant
particles being re-introduced to the airstream.
Table 2
Class Particles/m3 Product
Air bearings
Miniature ball bearings
Miniature contacts
Floated gyros
2 0-54m 10 10 m Hydraulic and pneumatic systems
Optics
Semi-conductor networks
Miniature timing devices
Hydraulic and pneumatic systems
Precision timing devices
3 1 pm 10 254m Stable platforms
Gyros
Ball bearings
Electronic components
Engine pumps
Aerospace instruments
4 B4 10 254m Printed circuits
Valves
Hydraulic and pneumatic systems
Precision measuring equipment
NOTE: Class 1 is outside the scope of this Leaflet and would not normally be used.
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FAN FILTERED DIFFUSERS RETURN DUCT

OUTLET OUTLET

7 M ae

EXHAUST GRILL EXHAUST GRILL

6.2

6.2.1

Figure 1 Conventional Flow System

Unidirectional-flow Clean Rooms

These rooms have been developed from the conventional type of clean room and are
designed to overcome three primary deficiencies associated with it; lack of self clean-
up capabilities to effect contamination brought in by personnel and equipment, non-
uniformity of airflow patterns and the requirement for rigid control of personnel. The
major differences between the layout and operation of the two types of clean room
result from the method of air distribution adopted. In a unidirectional-flow room air is
introduced through a large filtered diffuser area, moves through the room and is
exhausted through an outlet opposite to the diffuser and of equally large area. Such
an arrangement ensures that the air moves in a straight or unidirectional-flow. The
outlet is connected to return air ducts thus permitting re-cycling of the air. Two
alternative airflow systems exist and are illustrated diagrammatically in Figure 2. In
the vertical unidirectional-flow (down-flow room) system, the diffuser forms the
complete ceiling of the room and the floor is grated to provide the outlet to return
ducts. The diffuser of a horizontal flow (cross-flow room) system forms one of the end
walls of the room. After passing through the room and then through an exhaust grill,
the air is deflected upwards into the return ducts.

In some designs the use of separate return ducting may be eliminated by adopting
the twin cross-flow technique of air distribution as shown in Figure 3. The total clean
room area required is divided in half by a wall, with flow in one direction on one side
of the wall and flow in the opposite direction on the other side. The end walls are
made up of filtered diffusers and exhaust grills and are disposed so that the clean
room itself acts as a return duct.

1 July 1990
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7.1

7.2

7.2.1

Environment and Comfort Control

The temperature, humidity and pressure characteristics of the air passing through the
air handling system (see paragraph 8) should be controlled to establish an
environment suitable for work processes to be carried out in a clean room and for the
comfort of clean room personnel.

Temperature and Humidity

The selection of temperature and humidity ranges to be controlled are dependent on
the design of the component or system and the effects on their functional accuracy
under varying environmental conditions. Normally a suitable temperature for working
conditions is 20 + 2°C (68 = 36°F). Humidity should be controlled and maintained at a
relative humidity of 35 to 50% for all classes of clean rooms, contained work stations
and clean boxes.

Pressure

Clean rooms are always slightly pressurised in order to maintain the required outward
flow of air under closed working conditions and to prevent the entry of contaminant
airborne particles when entryways or doors are opened.

Unidirectional-flow rooms should normally have an air velocity of 0-45 = 0-1 m/s for
horizontal flow rooms and 0-30 = 0-05 m/s for vertical flow rooms. Air pressure for
conventional flow rooms should be such that the number of air changes, including re-
circulated air, should not normally be less than 20 per hour except for Class 4 rooms
where not less than 10 changes per hour may be acceptable.
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Figure 2 Unidirectional-flow Systems
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7.2.2
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Figure 3 Twin Unidirectional Cross-flow System

Arrangements should also be made to ensure that excessive turbulence is not
produced, and every precaution should be taken to obviate the possibility of
contaminated air being carried back to the work stations. Contained work stations and
portable work boxes should normally conform to the requirements of the type of air
flow selected. Air pressure and graduations between successive pressure areas
should not normally be less than 15 Pa (1-5 mm water gauge).

NOTE: 25 Pa (2.5 mm water gauge) is normally regarded as adequate but, when selecting
the actual pressure, care should be taken to ensure that in-leakage is prevented.

Air Handling Systems

The primary function of an air handling system for any type of clean room is to control
the level of airborne contaminant particles by constantly filtering and re-circulating the
air. The arrangement of a system depends on whether it is to be a conventional clean
room, unidirectional vertical or horizontal flow clean room. In the basic form, however,
it consists of a fan, ducting for inlet and exhaust air and an air filtration system. In
some instances, the use of ducting may be minimised by adopting a false ceiling
arrangement and by blowing air through the plenum chamber formed between two
ceilings, and also by adopting a twin cross-flow system (see paragraph 6.2.1). The air
is conditioned to the required temperature and humidity values (see paragraph 7.1) by
adopting recognised air-conditioning principles and by the integration of an
appropriate air-conditioning plant.

Fans

Fans are usually of the electrically-operated type designed to deliver a constant
airflow rate through the clean room as the filter pressure drop increases. They should
be mounted external to the ducting, where possible, to avoid heat loading of the air
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8.2

8.3

9.1

9.11

and introduction of further contamination. Care should also be taken to avoid
contamination of the atmosphere by gaseous effluents.

Ducting

Ducting is manufactured from materials which are non-flaking and corrosion-resistant,
stainless-steel and aluminium being commonly used, or should normally be treated to
prevent the introduction of contaminants from the duct.

Filtration System

Filtration of airborne contaminant particles is selected on the basis of cleanliness level
required and, generally, a system is made up of two principal stages: pre-filter stage
and final filter stage. Pre-filtering is carried out at the inlet to the air handling system
and at one or more points upstream of the clean room, and final filtering directly at
the inlet to the clean room. The filters are specifically designed for clean room
systems and are graded at each stage, thus providing control of diminishing size
particles. Filtering action depends on the particles contacting and adhering to the
fibres or collecting surface of the filter medium which is made from such materials as
glass-fibre and asbestos. The filters utilised for final filtering are variously known as
super-inception, absolute or high-efficiency particulate air (HEPA) filters and may be
used as individual units or assembled to form a filter bank or module. In the latter
case, each unit is connected to a common plenum chamber incorporating its own fan.
The number of individual units in a bank is governed by design requirements for the
air handling system.

Layout of Clean Rooms

The layout of a clean room is governed by many factors arising principally from the
manufacturing processes and test procedures to be carried out on specific types of
equipment. As a result there are a variety of design and layout specifications to meet
the requirements of individual manufacturers and operators of equipment. In their
basic form, however, layouts are directly related to the accepted methods of air
distribution, i.e. unidirectional-flow and conventional.

Unidirectional Clean Rooms

The layout of a typical clean room facility is illustrated in Figure 4. The area devoted
to the facility is arranged in accordance with the operating practices common to all
clean rooms, i.e. components and personnel flow progressively from an uncontrolled
or 'dirty' environment to one in which the desired level of cleanliness is maintained.

Personnel Cleaning

Entrance to the clean room is via a change room the purpose of which is to
decontaminate personnel without introducing removed contaminant particles into the
clean room. A change room is divided into three distinct areas; an uncontrolled or
‘dirty' area, a wash-up (semi-contaminated) area and a change (uncontaminated) area.
These areas are arranged so that personnel must follow a definite path for entry into
the clean room.

a) In the uncontrolled area lockers are provided for housing outdoor clothing such as
overcoats and raincoats, and also shoe cleaning machines. From the uncontrolled
area, entry to the wash-up area is made via an air shower compartment, the
purpose of which is to remove gross contaminant particles from personnel. The
size of the compartment may be large enough to accommodate only one person
or a group of persons depending on the number that must enter the clean room in
a given length of time. The design of the air shower may vary but, in general, it
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consists of an air inlet system and an exhaust system operated by independent
fans. Air flows through the compartment from air inlet nozzles or louvres mounted
in the ceiling or in one wall of the compartment. The entrance and exit doors of the
compartment are interlocked so that only one of them can be opened at a time.
The closing of the entrance door starts the fan and, until the cleaning cycle is
completed, the exit door remains locked. The cycle may, in some cases, be
interrupted by a safety override system in the event of an emergency. Air velocities
are sufficiently high to cause 'flapping' of clothing but without discomfort to
personnel.

b) On leaving the air shower, personnel proceed to the change area via the semi-
contaminated area in which washing and toilet facilities are located. These facilities
include foot-controlled washstands, liquid-soap dispensing units and heated air
hand-drying machines to prevent contamination from towelling. A section of the
change area is provided for changing into special clean room garments (see
paragraph 12) stored in racks or lockers. The entrance to this section is guarded
with a tacky or sticky mat designed to remove residual contaminant particles from
the undersurfaces of shoes. Entrance to the clean room after changing is made via
another air shower compartment.

SHIND01

CONTROLLED WORK AREA

V3IYV GITTOHLNOONN

PARTS CLEANING

—— ENTRY
—— — 9 EXIT

Figure 4 Layout of a Unidirectional Clean Room

Parts Cleaning

Prior to entry into a clean room, all parts, tools, equipment, and material must also be
decontaminated and it is therefore necessary to provide an additional area adjacent to
the clean room. The layout of a parts cleaning room depends largely on the types of
component and the number of work processes involved. Similarly, the cleaning
methods adopted depend on the type of contaminant, the materials used in the
manufacture of components, and the level of cleanliness required. In general, the
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room is equipped with the required number of work tables, specialised equipment,
cleaning machines and washing facilities for personnel.

a) The transfer of cleaned components to the clean room is effected by means of a
‘pass-through' box forming an air lock in the wall dividing the appropriate areas.
Boxes are provided with double windows and doors; an interlock system ensures
that only one door can be opened at a time. In some clean room facilities a 'pass-
through' box may be of the circular type with a single opening so that the box must
be rotated through 180° to insert or remove a component. Since the boxes are
designed to prevent a direct opening between rooms, a means of verbal
communication between relevant personnel must be provided adjacent to the box.
This can be an intercommunication system, a voice diaphragm, or a speaking tube.

9.1.3 Additional Support Rooms

Since unidirectional clean rooms require more rigid control to prevent contamination
entering, it is usual to make provision for additional support rooms such as offices,
lunch rooms, rest rooms, etc. The manufacture of these rooms follows a similar
pattern to that of a clean room (see paragraph 10) although the air handling system is
usually not so elaborate.

9.2 Conventional Clean Rooms

The use of conventional flow clean rooms eliminates the necessity for support areas
such as air showers and special changing rooms and, as may be seen from the typical
conventional layout illustrated in Figure 5, increased working area is available and
entry procedures are much simpler. The main entrance is situated at the air outlet or
‘dirty’ end of the room and personnel can pass through this directly from a locker
room and change area. Work benches and equipment are disposed so that the
cleanest operations are carried out closest to the filter bank forming the end wall,
while dirty operations such as soldering, cleaning, etc., are performed toward the
outlet end of the room. Parts cleaning and preparation may be performed in a manner
similar to that adopted for a unidirectional clean room (see paragraph 9.1.2) or carried
out in a parts cleaning room situated within the clean room itself.

10 Manufacture of Clean Rooms

The manufacture of clean rooms involves the application of specifically developed
building techniques, air-conditioning installation practices and careful selection of
manufacture materials. This is normally undertaken by a specialist organisation
working to the detailed BS 5295 Parts 1, 2 and 3 and the specification of a user
organisation. The details given in the following paragraphs are therefore intended as
a guide to the factors related to general constructional features.

10.1 Noise and Vibration

Careful consideration must be given to clean room location in relation to other work
areas and the effects of noise and localised ground vibrations. Noise and vibration
generated by equipment, machinery, support and administrative areas must also be
considered. If vibration insulation devices are to be employed these must not
generate or collect dust. Special attention must be given to the framing system of
super-structures in order to prevent vibration transmission through ceilings, walls and
floors into the main structure. The maximum noise level of the room, work station or
clean air device, in an operational but unmanned state should not normally exceed
65 dB.
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10.2 Floors

Floors should have long life and be highly resistant to breakdown under the shear
forces created when personnel walk across them. Vinyl is particularly suitable for
floors since it is tough and resilient. Floors should have a smooth surface which is
easy to clean and will not collect dust. The junction between floors and walls should
be radiused to facilitate cleaning operations. Joints between floor sections should be
tight and sealed.

LOCKER
ROOM

PARTS CLEANING

PASS-THROUGH BOX FILTERB{‘
WASH-UP
AIR
— HANDLING
AlIR FLOW PLANT

Figure 5 Layout of a Typical Conventional Clean Room

10.3 Walls

Walls should be covered with materials which will produce a smooth, durable surface
which does not chip or flake. Stainless steel, vinyl coating, high-gloss paint, melamine
decorative laminate, painted hardboard and tiles are some of the materials which are
suitable. Window frames, doors and door frames may be manufactured of steel,
aluminium or other highly durable material, and should be set flush with the interior
of the walls. The use of timber in structural elements is discouraged because it is
unstable in areas where there is a change in humidity. The introduction of large
volumes of console type equipment can increase the heat load of a clean room and
provide possible collection and sources of contamination. Such equipment may be
built into a wall thus placing the heat load outside the room and also permitting
maintenance of the equipment without the necessity of entering the clean room.
Gaskets should be fitted around the equipment to prevent excess loss of room air.

10.4 Ceilings

Since ceilings are not subjected to potential impact, they may be surfaced with any
material that is easily cleaned and does not produce or collect dust. Ceiling panels
should be provided with gaskets and clamped to ensure adequate sealing, allowance
being made for subsequent removal and replacement.
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10.5

10.6
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12
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12.1.1

12.1.2

Lighting

Lighting fixtures of the fluorescent type should be used and of ratings which will
provide adequate light intensity at bench level of not less than 3,000 lux. Fixtures may
be installed to permit servicing from within the clean room, or supported in tracks
above the ceiling so that they can be slid out for servicing without entering the clean
room.

Utilities
The distribution of utilities such as water, electrical power, vacuum and compressed

air supplies must be properly planned to ensure that all required work locations are
served without interference with room air distribution and work flow.

Clean Room Furnishings

Furnishings such as work benches, chairs and containers for component parts require
careful selection, design and choice of materials for their manufacture. The main
structure of work benches and chairs should be of metal and designed in such a way
that contaminant particles cannot accumulate. ltems that can expect to be bumped,
knocked, abraded, etc., by personnel should possess a tough, resilient, low-particle
generating surface such as stainless steel, melamine decorative laminate type
material, or material of equivalent surface qualities.

Clean Room Garments

Clean room products can be readily contaminated by particles from clothing and it is
therefore necessary to make provision for the wearing of protective garments. These
take the form of smocks, overalls, caps and hoods. In addition, 'boottee' type shoe
covers, separate clean room shoes and gloves must also be provided. The extent to
which all the garments are used depends on the type of clean room, class of
cleanliness to be achieved and the work processes carried out.

Design

The garments are of special design to prevent the transfer of contaminant particles
from personnel and at the same time to provide the maximum of comfort. The
materials from which they are fabricated are usually selected from the range of
available man-made fibres which exhibit such properties as non-flammability, limited
linting, and negligible electrostatic generation. These materials are available under a
variety of trade names. Typical design requirements for clean room garments are
given in the following paragraphs.

Smocks

Smocks should be of simple design, with no pockets and with as few seams as
possible. Seams should leave no open end of material which might become frayed
and give off lint or loose strands. In addition, seams should be double-stitched with
thread of the same fibre as the garment. Adjustable neck bands and cuffs should be
provided in preference to collars and loose sleeves and must provide a snug fit when
worn.

Overalls

Overalls should have a full-length zip fastener with flap front and be provided with
adjustable neck bands and cuffs. If overalls are to be used with shoe covers, the
overalls should fit inside the covers. Overalls to be used with clean room shoes
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12.1.3

12.1.4

12.1.5

12.1.6

12.2

12.2.1

should be designed so that the legs of the overalls meet and slightly overlap the
shoes.

Caps

These should be of the style worn in hospital operating rooms. They should fit snugly
around the head, covering the hair to prevent hair particles and dandruff falling into
the clean room area.

Hoods

Hoods should be designed to confine all hair under them to eliminate contamination
by hair particles and dandruff, and to fit snugly inside overalls to provide complete
coverage of personnel; if beards are permitted, masks must also be provided.

NOTE: Garments are usually white although in some cases a sea green colour may be
chosen to minimise glare. As a means of identifying selected personnel, e.g.
supervisors or personnel in charge of certain work processes, smocks and overalls
may be provided with distinctively coloured neckbands. Coloured caps may also be
used as a means of identification.

Shoe Covers and Shoes

Covers should be worn over normal shoes and should be high enough to hold the legs
of overalls. Covers should have a reinforced sole and be of a type which will prevent
personnel from slipping and falling on smooth floors and, for reasons of durability and
economy, nylon is recommended as the material. To provide proper fit and comfort,
and to achieve optimum cleanliness, covers should be provided with snap fasteners,
and laces which can be tied around the legs and above the ankles. As an alternative
to shoe covers, shoes can be issued to personnel for exclusive wear in the clean
room. They should be simply designed, comfortable, washable and fabricated from
materials which will not shed particles due to abrasion and wear.

Gloves

Where there is a risk of contamination from contact with the hands or fingers, gloves
or finger stalls must be used. Such coverings should be comfortable and should
enable the user to maintain a delicate finger touch. If the use of plastics is necessary
for the 'touch’ portion of gloves the remainder should be made of a material that will
allow 'breathing' thus preventing overheating of the hands.

Garment Storage and Cleaning

When not in use, clean room garments should not be allowed to come into contact
with any possible contaminant. They should always be stored on individual hangers
in the lockers provided in changing rooms. Three sets of garments per person should
normally be provided: one set in use, one set being cleaned, and one set in reserve.

Cleaning of garments is a specialised technique based on conventional laundering and
dry-cleaning processes. ldeally, a laundry should be established as a specialised unit
supporting clean room operations and functioning under similar conditions of
decontamination as a clean room. A typical unit is divided into three distinct areas:
soiled garment receiving area, washing and dry-cleaning area, and an inspection and
packaging area. Soiled garments are placed in polythene bags and transferred to the
receiving area through an air lock. The garments are then emptied into specially built
tubs and transported to the washing and dry-cleaning area equipped with the
appropriate machines. After cleaning and drying, the garments are transferred to the
third area for inspection, sampling of contamination level, and packaging and sealing
in polythene bags.
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13 Clean Work Stations

These stations are work benches specifically designed to incorporate their own
filtered air supply system. They may be utilised in a clean room, in addition to benches
or tables based on conventional patterns, or in an uncontrolled environment.

13.1 The design of work stations has been developed from bench-mounted 'dust-free'
cabinets, typical examples of which are illustrated in Figure 6. Although these
cabinets provide low contamination levels, depending on the type of filter, the
problem of contamination while operations are performed inside arises.
Contaminants move about in turbulent air and find their way out of the cabinet only at
random intervals. Another design, commonly referred to as a 'glove box' is also
illustrated in Figure 6. It utilises a recirculating air system and although it produces
lower contamination levels than other forms of cabinet, it has the disadvantage of
requiring an operator to work through arm ports and the attached gloves.
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Figure 6 Clean Work Boxes

13.2 Work stations overcome the deficiencies of 'dust-free' cabinets by incorporating an
air distribution system which operates on principles similar to those employed in a
undirectional-flow clean room (see also paragraph 6.2). The air distribution system
consists of a fan and a pre-filter mounted below the work surface, and an outlet with
a super-interception filter, mounted so as to produce either a horizontal flow or a
vertical flow over the work surface. Figure 7 illustrates both airflow techniques as
they are applied to a typical console type of work station. Glass panels form the sides
of the work area which, on account of the undirectional-flow technique, is open at the
front thus permitting unrestricted movement at the work surface. lllumination of the
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13.3

13.4

14

work area is provided by lighting units enclosed in the canopy above the work surface.
Individual switches for lighting units and fans are located at convenient points as also
are the controls for the various services required for relevant work processes.
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Figure 7 Clean Work Stations

The selection of a work station best suited to a specific application involves such
factors as type of airflow, size of work area, space available, and design and
performance of the air distribution system. Units employing horizontal flow are
generally less costly than vertical flow units for equal size of work area and can usually
be provided with lower overall heights thus making them more suitable when vertical
space is a critical factor. When work processes require the exhausting of fumes from
the work area, or when recirculation of the air is required, vertical flow units provide
for these functions more easily than horizontal flow units. Horizontal flow units, on the
other hand, provide better 'clean-up' of a work area than vertical flow units of equal
size.

The most important consideration in selecting a particular size of work station is to
ensure that it will provide undirectional-flow over a work area of sufficient width,
depth and height to accommodate the component being assembled or tested, and
the necessary associated equipment. If several items of equipment must be sited
around a component, a vertical flow unit tends to produce less turbulence and moves
clean air in the most direct fashion from the filter to the component. The filters are of
a type similar to those used in unidirectional clean rooms (see paragraph 8.3).

Clean Room Operation

In addition to the air handling system, the contamination level in a clean room is kept
at an acceptable level by two other methods, namely limiting the contamination
entering the room and limiting the contamination generated within the room. Both
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14.2

14.3

14.4

these methods are controlled to a large extent by the personnel selected for clean
room operations. The contamination entering the room is limited by the wearing of
proper garments (see paragraph 12), personnel cleaning, parts and equipment
cleaning, etc. The contamination generated is limited by restricting movement, proper
work techniques, etc. It is therefore necessary to establish routines and disciplines
related to personnel selection, personal hygiene, entry procedures, and control of
working activities. The extent to which certain of these routines and disciplines are
applicable depends on the type of clean room; for example, a undirectional-flow clean
room requires more rigid control of entry and clothing procedures than a conventional
clean room due to the air handling system used (see paragraphs 9.1 and 9.2).

Personnel Selection

The selection of personnel for clean room duties involves consideration of both
physical and human factors, including manual dexterity, visual acuity, patience,
concern for detail, attitude toward repetitive operations and reaction to the rigid
disciplines that accompany confinement in a controlled environment. Certain
physiological problems must also be considered and some examples which are
detrimental to clean room operations are: allergies to synthetic fabrics; allergies to
solvents used in cleaning processes; profuse nasal discharge; skin conditions that
result in above normal skin shedding or flaking and dandruff; high amounts of acid
found in the hands; severe nervous conditions such as itching, scratching or
claustrophobia.

Personal Hygiene

The development of personal hygiene is of great importance in clean room
operations, not only to limit contamination of vital components but also to maintain a
healthy working environment. Personnel with colds, temporary coughing and
sneezing, should be assigned to temporary jobs outside the clean room until they are
sufficiently recovered. This also applies to personnel having received severe sunburn,
to prevent peeling skin from contaminating a component or the surrounding area.

Entry Procedures

Clean rooms are necessarily restricted areas and entry must only be allowed to
personnel assigned to them. The procedure to be adopted is governed by the type of
clean room. Typical activities associated with entry procedures are as follows:

a) Removal of outdoor clothing such as overcoats and raincoats and stowage in the
lockers provided in the 'dirty' or uncontrolled area.

b) Checking clothes and shoes for visible contamination such as mud, dirt, sand, etc.
Removal of such contamination.

¢) Washing of face and hands using foot-controlled washstands, liquid soap
dispensers and air driers.

d) Passing through air showers and air locks to ensure adequate air scrubbing.
e) Walking over sticky or tacky mats.

f) Changing into the requisite clean room garments. In connection with undirectional-
flow clean room operations, changing is done in the uncontaminated section of the
change room adjacent to the clean room. In conventional clean rooms changing is
done in an area located at the 'dirty' end of the clean room.

General Rules for Operation

The following are general rules which should be enforced to assist in the successful
operation of clean rooms.
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14.4.1

14.4.2

Personal Activities

a)
b)

c)

d)
e)
f)

9)

h)

k)

Hands should be washed often and fingernails kept clean.
The specified clothing should always be worn in the approved manner.

Personal items such as keys, coins, cigarettes, matches, pencils, handkerchiefs
and combs should be deposited in lockers prior to changing into clean room
garments. Valuable items such as wallets may be carried into a clean room in
jacket or trouser pockets provided they are not removed inside the clean room.

Foodstuff should not be taken into a clean room.
Smoking is strictly forbidden.

The wearing of jewellery such as large rings, bracelets, watches, necklaces,
earrings, lockets, etc., should be avoided.

Nervous mannerisms such as scratching the head, rubbing of hands or similar
actions should be avoided.

Movement of personnel should be restricted as much as possible to prevent
stirring settled particles on the clean room floor. This applies particularly to
conventional clean rooms.

Solvent contact with hands should be avoided as many solvents remove natural
skin oils causing excessive skin 'peeling' or flaking.

Female personnel should not wear or apply fingernail polish or cosmetics in a clean
room.

Visitors or clean room maintenance personnel must be authorised to enter a clean
room and must follow the specified entry procedures.

Work Activities

a)

e)

f)

9)

All tools including personal tool kits should be kept clean and in good condition and
should undergo cleaning processes in accordance with a periodic cleaning
schedule. Tools not essential to specific work processes should be excluded from
tool kits.

Paper materials should not be allowed in a clean room unless the paper is plastic-
coated or covered, sprayed to prevent linting or is a special limited-linting paper.
Papers should not be subjected to excessive shuffling, handling, rolling or bending
as they can generate excessive amounts of small particles under these conditions.

Pencils and erasers are not allowed. All writing should be with ball-point pens.

Parts of components should be kept in their individual containers until ready for
assembly. They should not be left exposed on a work bench or station.

Containers and any component parts surplus to requirements should always be
returned to a parts cleaning area for cleaning and re-issue.

Metal objects such as wire clippings and solder splashes should be deposited in
waste boxes at the end of each process.

Where cleaning of parts is to be carried out inside a clean room, the type of
cleaning equipment and its location within the room should be carefully selected.
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15.1

156.1.1

16.1.2

15.1.3

16.1.4

Maintenance of Clean Rooms

In order to maintain clean rooms to the necessary standards, good housekeeping
practices and monitoring of the air handling system are of prime importance. The
frequency of cleaning is usually determined by taking into account the change in
contamination level that can occur due to the cleaning operation, and the number of
air changes per hour. Monitoring of the air handling system should be carried out at
the time a clean room is put into initial operation and at regular periods thereafter,
when filters have been changed, and when it is evident that down-grading of its
operating level is taking place (see Table 3).

Table 3
Controlled Sampling for Particulate | Temperature | Humidity Air Pressure
Environment Contamination
Class 1 Daily or continuous by | Continuous | Continuous | Continuous

automatic equipment
Class 2 Weekly Continuous | Continuous | Continuous
Class 3 Monthly 4-hourly 4-hourly Continuous
Class 4 3-monthly 12-hourly 12-hourly Continuous
Contained Work | Daily or to suit the Dependent on use Not applicable
Station product or as Class 2
Controlled Area Dependent on use To meet requirements of | Not applicable
personnel and product
Cleaning

Rooms should be cleaned when no work processes are being performed. Minor dry
floor and bench vacuuming can be done, if necessary, during normal room operation
if the equipment and procedures used ensure a minimum of disturbance to settled
particles.

Cellulose mops and sponges can be used with water which meets specific particle-
count requirements. High-grade plastics buckets which are not subject to flaking
should be used. If ladders are required, they should preferably be of the anodised
aluminium type. The use of detergents should be restricted to those which produce
the minimum amount of residue after drying. For vacuum cleaning, a central vacuum
cleaning system or a specially designed portable vacuum cleaner should be
employed.

Cleaning apparatus and utensils are prevalent sources of contamination and their
movement in and out of clean rooms should be carefully scheduled. They should be
thoroughly cleaned and vacuumed prior to their entry.

The responsibility for cleaning work benches or stations should be delegated to
personnel assigned to the benches to prevent improper handling of components and
equipment by room maintenance personnel.

Inspection, maintenance and testing of air handling system components should be
carried out in accordance with the relevant maintenance instructions, at periods
determined by the type of clean room operations, and when downgrading of the
contamination level begins to occur.
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16.2

156.2.1

16.2.2

15.2.3

Monitoring of Clean Rooms

Monitoring refers to the procedures adopted for checking the factors influencing
clean room environment. Such factors are the level of contamination, temperature,
humidity and pressure. The exact requirements for monitoring and methods to be
employed depend on the type of clean room and classification of cleanliness level,
and are therefore determined on an individual basis (see Table 3).

Contamination Monitoring

This is the most difficult monitoring problem of clean room operation owing to the
variations in contamination level throughout a room and also to the many factors
which must be considered in selecting a specific monitoring technique. Some of the
factors causing variations in contamination level are: filtered air entering a room at one
or more locations; contamination being generated in various amounts throughout a
room; contaminated air exhausted from a room at one or more locations. The highest
level of contamination is not necessarily at the air exhaust locations, since air from a
highly contaminated area may be diluted with filtered air prior to its being exhausted.
Higher and lower levels of contamination can thus readily exist within a given room.
The areas of most concern are those immediately surrounding the component on
which work processes are to be carried out.

a) The locations within a clean room at which sampling of the air is to be taken should
be carefully considered in order to obtain a representative contamination level.
Samples should be taken at identical times or as near as possible, since
contamination levels of areas vary at different periods.

b) Various technigues may be applied to contamination monitoring and some of those
most widely accepted, together with details of principles, are listed in BS 5295
Parts 1, 2 and 3.

Humidity Monitoring

This may be achieved by the use of conventional wet and dry bulb thermometers and
psychrometric charts. The thermometers may be supplemented, if necessary, by
automatic recording devices. Humidity can become troublesome if it is allowed to
reach a level where static charges are generated by personnel or where corrosion
may be a problem. In general, a humidity level of not less than 40% is desired. For
those components where humidity tolerance is critical, special control measures
should be employed.

Pressure Monitoring

A clean room should always be slightly pressurised and it is therefore necessary to
monitor the pressure difference between the room and its outside surroundings.
Monitoring may be achieved by a simple U-tube manometer, or a differential pressure
gauge calibrated in mm water gauge.
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Leaflet 2-3 Timber Conversion - Spruce

1.1

1.2

2.1

2.2

2.3

3.1

Introduction

A good basic knowledge combined with many years' experience in the handling of
timber is essential for the accurate assessment of the characteristics and defects
which make it either suitable or unsuitable for aircraft parts.

This Leaflet is not intended to give guidance on how to select timber; it outlines the
CAA’s recommended method of converting it into aircraft parts and mentions
common defects which may be encountered during conversion.

Seasoning

Timber which has been cut from selected trees is stacked, prior to shipment, for
approximately 60 days. During this time, the timber loses much of its free moisture
and it is in this condition that it should be transported.

Timber is usually seasoned in air-drying sheds for periods ranging from one to three
years, or longer. If it is required for immediate use, it may be artificially seasoned (i.e.
kiln-dried).

The process of seasoning reduces the moisture content of timber to a point where it
is in equilibrium with the surrounding atmosphere and enables protective treatments
to be applied more effectively.

Characteristics

After the timber has been properly seasoned, samples should be cut and tested to
determine its suitability for use on aircraft. Before taking the samples from a plank of
timber, approximately 6 inches should be cut from the end and discarded as this piece
may be drier than the remainder.

Moisture-Content

The moisture-content of the sample should be determined by weighing it and then
drying it in an oven at a temperature of 100° to 105°C (212° to 221°F) until two
successive weighings vield the same result. Care should be taken to ensure that
when the sample is split up, no material is lost and that the weighing is done promptly
so as to avoid false results. The moisture-content should be calculated from the
following formula:

Wy - W,
—F—— x 100

W,
where W, = the weight of the sample prior to drying
and W, = the weight of the sample after drying.
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3.2

3.3

3.4
3.4.1

3.4.2

3.5

3.6

3.7

A quicker method of determining the moisture-content of timber is by the use of the
Marconi Moisture Meter. This instrument will record the moisture-content in a few
seconds, whereas the method of weighing, drying and calculating takes much longer.
The meter should however, be checked periodically to ascertain that it remains
accurate. For general guidance, the correct moisture-content should be 15% with a
tolerance of + 2%.

Density

The density should be determined by weighing and measuring the volume of a
sample cut from the plank. A practical method of calculating the density in imperial
units is to cut the sample 96 mm (3.8 inches) long, by 25 mm (1 inch) square, and
determine its weight in grammes. The figure for the weight of the sample in grammes
is equal to the figure for the density in pounds per cubic foot. The weight of spruce
generally varies between 320 kg and 577 kg per cubic metre (20 Ib. and 36 Ib. per
cubic foot). For Grade A spruce, the density should not be less than 384.45 kg per
cubic metre (24 Ib. per cubic foot) when the moisture-content is 15%.

Brittleness

A notched test piece, the sides of which are cut radially and tangentially, of the
dimensions 133 mm (5% inches) long by 22 mm (/8 inch) square, should be broken
in an impact test machine of the Izod type, the blow being applied tangentially; the
test piece should absorb not less than 6.78 Joules (5 foot-pounds). Care should be
taken that the blow is applied in the right direction, for if broken the opposite way a
false reading will be obtained. A tolerance of 0.68 Joules (0-5 foot-pounds) is generally
allowed, provided the fracture shows a satisfactory amount of fibre.

The weight-dropping machine provides an alternative method of testing timber for
brittleness. A plain test piece, 305 mm (12 inches) long by 25 mm (1 inch) square,
should be cut radially and tangentially, and parallel to the grain. When placed in the
testing machine, the test piece should withstand one blow of 17.63 Joules (13 foot-
pounds) without showing signs of tension failure on the vertical sides. \Where doubt
exists, a further blow of 8.81 Joules (6.5 foot-pounds) may be applied and there
should be no sign of failure. The opening out of a few fibres should not be interpreted
as a failure.

Splitting Test

The object of this test is to determine the inclination of the grain. The sample should
be split with a very blunt chisel so that the wood will be split and not cut. The split
surfaces give the true direction of the grain. The split should be made some distance
from the edge of the sample, otherwise a misleading result may be obtained.

Rate of Growth

The number of annular rings per 25 mm (1 inch) varies to some extent. Timber with a
rate of growth of less than 6 rings per 25 mm (1 inch) should be rejected.

Recording of Tests

The results of the above-mentioned tests should be recorded and related to the plank
of timber to which they refer. The actual test pieces should also be kept for a period
of not less than 2 years.
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4.1

4.2

4.3

4.3.1

4.3.2

5.1

Conversion

After the bulk timber has been tested and graded, it may be converted into structural
members for use on aircraft. This conversion should be done with every possible
care, for much depends on the way in which timber is sawn.

Rift-Sawing

The process of cutting timber along the radius of the annular rings is known as rift-
sawing. An illustration of this is given in Figure 1. Rift-sawing and near-quarter-sawing
are very much the same.

Figure 1 Figure 2

Tangential-Sawing

The process of cutting at a tangent to the annular rings is known as tangential-
sawing. An illustration of this is given in Figure 2. Tangential-sawing (slashing)
produces what is commonly known as a 'flower-face'.

General

Before a piece of bulk timber is converted, the end section of the plank should be
noted, particularly the direction of the annular rings. It will be seen from this whether
the plank is tangential-sawn, rift-sawn or quarter-sawn.

The actual method of converting timber is best described by the use of an example
as follows. Assuming that spar members of a rough finished size of 102 mm
(4 inches) by 51 mm (2 inches) are required and a 102 mm (4 inch) rift-sawn plank of
timber is available, it should be cut tangentially to give a size of 102 mm (4 inches) by
102 mm (4 inches), after which a radial cut will give rift-sawn pieces 102 mm
(4 inches) by 51 mm (2 inches) (allowance should, of course, be made for the saw-
cut). The main advantage of rift-sawn timber is that it shrinks chiefly in one direction
only, and does not warp very much.

Defects

After timber has been converted it should be examined for defects. Some of the more
common defects are outlined in the following paragraphs.

Dote Disease

This is the worst of all defects and does much damage to the wood. It is an inherent
disease which only occurs at the base of the living tree. When the tree is felled it is
cut at a point ten feet or more above the ground as a precaution against the possibility
of dote. Converted pieces of timber should be examined not only on the sides but also
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5.3

54

55

5.6

5.7

5.8

5.9

on the ends; dote will be recognised by the presence of brownish yellow patches,
somewhat similar to thin mineral oil spots. Dote is contagious and any infected wood
should be burnt.

Decay or Rot

A defect similar to dote disease can develop after a tree has been felled if the timber
is exposed to excessive soaking and partial drying. Dry-rot fungus requires a certain
amount of moisture to thrive on but once the disease is established it thrives on the
moisture already in the wood. The decayed wood is brown in colour and appears as
though it had been charred; the timber is rendered soft and dry, and will flake off
easily.

Incorrect Grain Inclination

The limit of grain inclination for spruce is 1 in 15 for grade A, and 1 in 12 for grade B.
The inclination should be checked to ensure that the above limits are not exceeded.
The most usual method of determining the inclination of the grain is by examining the
flower-face of the timber to find the resin ducts. It will readily be seen whether they
are straight or inclined. If the inclination exceeds the limits specified, the timber
should be classified in a lower grade.

Heart-Shake

This defect usually follows the course of a sap duct longitudinally, and is usually
visible on the tangential surface. The use of a small size feeler gauge will assist in
finding the depth of the shake. The defect should be cut out of the timber.

Ring-Shake

This defect is indicated by a parting of the annular rings. Ring-shakes are usually
caused by frost, particularly after a heavy rainfall. The defect should also be cut out of
the timber.

Compression-Shake

This defect appears on a cross-section and usually takes the form of a thin wavy line.
Compression-shakes are most dangerous as they are a 