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1. Introduction
The Factories and Industrial Undertakings (Guarding and Operation of
Machinery) Regulations state that proprietors of notifiable workplaces must
effectively guard dangerous parts of every piece of machinery and plant which is
driven by mechanical power. This handbook acquaints them and makers of such
machinery and plant with necessary knowledge to provide guarding of the standard
required by these regulations. It is important to appreciate that effective guarding
incorporated at the design stage of a machine is cheaper. Modification after a
machine has been introduced may be technically difficult or even impracticable.
Proprietors are strongly advised to consider stating the specifications on guarding
standard when they place orders for new machinery with their machine makers or
suppliers. A little more trouble and outlay at this stage may well save them a great
deal of later expense and trouble.
Dangerous parts of machinery are specified in the First Schedule of the
regulations. Although several of these parts relate to prime movers or transmission
machinery, statistics on machinery accidents indicate clearly that not many of these
accidents involve prime movers or transmission machinery. Moreover, access to
prime movers or transmission machinery is unnecessary and adjustments are rarely
needed when the machine is in operation. On the other hand, access to points of
operation of a machine is frequent and often inevitable. Particular attention should
therefore be paid to the design, construction, installation and maintenance of guards
provided for points of operation. Injuries resulting from machinery accidents are
often serious and lead to amputation of fingers, a hand or an arm and to permanent
disability for the injured. Nevertheless, absence of injury from operating an
unguarded or inadequately guarded machine for a length of time is by no means a
proof that its moving parts are not dangerous. A mere reliance on the operative s
training, skill or constant attention in substitution for effective guarding is dangerous
because human nature is unpredictable and not constant. Even the most reliable and
careful operative can make mistakes, especially in familiar work. Besides, it is
essential to afford safeguards not only for the careful but also for the careless.
Proper guarding can ensure safe operation at all times and gives confidence to
operatives. Guards which are properly designed, installed and maintained can help
to increase the production capacity of the machine. Therefore, elimination of
mechanical hazards by providing effective guarding is a positive gain to industry.
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2. Guarding and Operation of Machinery
General Principles
2.1 The Factories and Industrial Undertakings (Guarding and Operation of
Machinery) Regulations require that dangerous parts of machinery or plant must be
effectively guarded by any one of the following types of methods or by a
combination of them:
(a) a fixed guard,
(b) an interlocking guard,
(c) an automatic guard,
(d) a trip guard,
(e) a two-hand control device.

Fixed guard
2.2 A fixed guard by its design and construction prevents access to the dangerous
part for which it is provided. Such a guard has no moving parts associated with or
dependent upon the machine to which it is fitted. It is a reliable guard and requires
little maintenance. Its application, however, is limited to guarding prime movers,
transmission machinery and points of operation where feeding of material and
withdrawing of components are achieved mechanically or by means of speciallydesigned aids. However, if manual feeding and withdrawal are necessary, the
opening in the fixed guard must be limited in size relative to the distance between
such an opening and the dangerous part of the machinery. The following
specifications must be observed.
Minimum distance between
the opening in the fixed
guard and the dangerous part

Maximum size of the
opening measured at the
widest point

40

mm

10

mm

65

mm

12

mm

7

8

Maximum size of the
opening measured at the
widest point

Minimum distance between
the opening in the fixed
guard and the dangerous part
90 mm

15 mm

140 mm

20 mm

165 mm

22 mm

190 mm

30 mm

320 mm

40 mm

400 mm

50 mm

450 mm

55 mm

800 mm

150 mm

Interlocking guards
2.3 An interlocking guard is designed to operate in such a manner that the machine
on which it is installed cannot be operated unless the interlocking guard is in a
closed position; and the guard cannot be opened unless the machine is not in motion
or its removal from a closed position causes the machine to cease its motion at once.
The interlocking features are normally achieved by means of a combination of
electrical interlock to control the operation of the machinery and mechanical
interlock to control the opening of the guard. An interlocking guard is most useful
for guarding points of operation where feeding of material and withdrawing of
components are required in every cycle of operation and for guarding heavy rotating
parts of a machine to which access is required on regular occasions. The
interlocking devices should be so constructed and located that they cannot be readily
tampered with or defeated. If a component of the interlocking mechanism fails, the
machine should not be capable of being set in motion. Certain electrical limit
switches can easily be defeated by depressing a contact button. Interlocking
arrangements which are not reliable are known as 'fail to danger type' and those
which are reliable are known as 'fail to safety type'. Interlocking guards require a
high degree of maintenance and a reliable system of regular testing and inspection.
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Automatic guards
2.4 An automatic guard is designed to automatically prevent an operator or his
hands from coming into contact with the dangerous part of a machine when that part
is in motion. The movable part of the guard should be positively actuated by the
movement of the dangerous part of the machinery. It may take the form of a
sweeping motion from side to side in front of the point of operation, or of an
outward and upward push-away motion from the side of the machine, or of a pull
out action which removes an operator's hands from the point of danger. An
automatic guard is suitable for use on a machine whose cycles of operation are
interspaced by manual feeding of materials, e.g. power presses and drop hammers. It
relies on a mechanical linkage which derives its motion from the movement of the
point of operation. The movement, so transmitted, is multiplied so that the guard
moves at a rate faster than the point of operation. The mechanisms of automatic
guards must be carefully adjusted in relation to the movement and physical
characteristics of the dangerous parts, and frequently examined to ensure that the
safeguard is properly maintained and used. In certain fast acting machine, it is not
advisable to adopt this type of guard because of the high speed with which the guard
is inevitably involved, thus becoming a potential danger in itself.

Trip guards
2.5 A mechanical trip guard consists essentially of a pivoted grid or frame
connected to a mechanism which can stop the machine by throwing out the clutch or
belt-striking gear and applying a brake. The frame is mounted in front of the point of
operation of the machine so that if any part of the hand or arm is in the danger zone
as the point of operation begins its motion, the frame will be struck and will stop the
machine.
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2.6 Another form of a trip guard is the photoelectric safety device (electric eye) - it
is a light beam or beams, arranged as a curtain across the space between the operator
and the dangerous part of machinery. The photoelectric safety device is so arranged
that the interruption of the beam will activate an electrical relay which in turn sets a
mechanism into action to prevent starting or further movement of the point of
operation.

2.7 Trip guards are most suitable for use on machines which are normally in
continuous motion where the hands (or other parts of a person) have temporarily to
enter a space swept by the dangerous part, or where entangling may occur in an
article or material which is being fed to a machine. The effective performance of a
trip guard is greatly dependent upon the stopping characteristics of the machine
which must be controlled within defined limits. An efficient brake is normally a
necessity. The design of mechanical trip guards should be such that the machinery
cannot again be set in motion unless and until the guard has been reset.

Two-hand control devices
2.8 A two-hand control device is so designed that the operator's hands must
continuously engage the controls of the machine in order that its cycle of operation
can be completed and if one or both of the operator's hands cease to engage the
controls, the machine stops immediately. A two-hand control system can be
pneumatic, hydraulic, electric or mechanical. For guarding against the perverse
ingenuity of some operators, it is important to install a timer mechanism in a twohand control device so that the controls must be engaged simultaneously before a
cycle of operation can be set in motion. Timer mechanisms which permit no more
than a few milliseconds are readily available for this purpose.
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Construction of guards
2.9 Every guard must be rigid and of substantial construction, and the materials
incombustible. Wherever practicable, guards should be made from solid material in
preference to perforated or open mesh construction. If sheet steel is used, the
minimum thickness should be S.W.G.18 (1.2mm). Where open mesh guarding is
chosen, the apertures should be such that finger access to the dangerous parts is not
possible. Wing nuts or similar fastenings should not be used to secure the various
sections of guard because they are too easily removed. The sections should be
bolted or riveted.

Maintenance of guards
2.10 Guards should be secured in position, and regular and frequent checks should
be made to ensure that they are in a good state of repair and kept in position. On
many machines, guarding is by enclosure with hinged sections or access doors.
Secure locking devices should be fitted to them and measures should be taken to
ensure that they are kept in the closed and locked position whenever the machinery
is in motion. In cases where a section of a guard has to be removed frequently to
afford access, it is good practice to interlock the section of the guard with the
operating mechanism.
2.11 Investigations into machinery accidents confirm the need for regular inspection
and testing of all interlocking guards, automatic guards, trip guards and two-hand
control devices. It is strongly recommended that inspections and testing should be
carried out at regular intervals by a responsible person, and that a record should be
kept of the results and any action taken.
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3. Dangerous Parts of Machinery or Plant
The following pages contain examples and illustrations of the 17 groups of
dangerous parts of machinery or plant as defined in the Factories and Industrial
Undertakings (Guarding and Operation of Machinery) Regulations and effective
guarding for them.

Group 1: Revolving shafts, couplings, spindles,
mandrels, bars and flywheels
(Figures on page 32 to page 34)
A shaft may be smooth or rough, may rotate slowly or rapidly, and may be
small or large in diameter. It is dangerous when revolving unless it is covered.
Shafting which appears to be smooth can grip clothing or hair and cause serious
accident.
Shafts, couplings, spindles, mandrels and bars can be effectively guarded by
fixed enclosure guards.

Group 2: In-running nips between pairs of
rotating parts
(Figures on page 35 to page 37)
An in-running nip exists when a pair of rotating parts such as shafts or rolls
rotate in opposite direction. The pair of rotating parts may rotate in close contact or
very near to one another so that there exists a trapping danger between the two
rotating parts. In-running nip points of this nature are found on steel rolling mills,
p.v.c. rolls, calenders and rolls in the rubber, paper and printing industries.
Gear wheels and friction wheels can be effectively guarded by fixed enclosure
guards while many close contact rolls or non-contact rolls can be guarded by
specially designed nip guards. Please see figures.
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Group 3: In-running nips of the belt and pulley
type
(Figures on page 38 to page 40)
Nip points are found on the points of contact between belts and pulleys,
between chains and sprocket wheels etc. The danger of in-running nips is that they
can, for example, draw in an operator's hand or fingers and crush them. Once the
hand or finger is drawn in, it is difficult to withdraw it.
Fixed guards, either of sheet metal or wire mesh, can effectively guard the nip
points of the belt and pulley type. Please see figures.

Group 4: Projections on revolving parts
(Figures on page 41)
Typical examples are coupling bolts, set screws on a revolving shaft or bar.
Their potential for causing serious injuries is higher than the shafts, bars, etc. in
Group 1. They can effectively be guarded by fixed enclosure guards or in the case of
set screws, having them countersunk in the shaft or bar.

Group 5: Discontinuous rotating parts
(Figures on page 42 to page 43)
Open-arm pulleys, fan blades, spoked flywheels etc. are examples of
discontinuous rotating parts and they are dangerous. They can trap and twist or
lacerate a person's hand or arm. Such parts can also grip clothing and through mere
skin contact can force an arm or hand into a dangerous position, thus causing severe
injury. They can be effectively guarded by fixed guards either of sheet metal or
strong wire mesh construction.

19

20

Group 6: Revolving beater, spiked cylinders, and
revolving drums
(Figures on page 44)
Revolving beaters, spiked cylinders and revolving drums are highly dangerous.
In the case of revolving beaters and spiked cylinders, the danger is formed by the
combination of rotary and cutting action of the moving parts in the machines. The
revolving drums are dangerous due to the size and speed the rotating parts.
They can be effectively guarded by fixed enclosure guards.

Group 7: Revolving mixer arms in casings fitted
with openings
(Figures on page 45)
Revolving mixer arms are dangerous due to their rotary and beating action of
the arms. They can cause very serious accident if a hand or arm is trapped by the
revolving mixer arms. Loose clothing can be caught and it may then drag a person
into a dangerous area.
The guarding example given in the figure on page 45 is an interlocking guard.
It ensures that the machine cannot start until the cover is closed and that the machine
is stopped when the guard cover is opened.
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Group 8: Revolving worms and spirals in casings
fitted with openings
(Figures on page 46 to page 47)
In screw or worm mechanisms, the danger lies in the shearing action between
the moving screw and the fixed parts of the machine. The screw action can drag,
mangle and crush a hand or arm. This can sometimes lead to major amputation.
The figures on page 46 show that the dangerous part of a meat mincer can be
guarded by a hopper guard or by an inverted bell guard. Entrance of fingers into the
trapping area of the screw is not possible in both cases. The figures on page 47 show
the guarding of the worm of a plastic extruder by a hopper guard.

Group 9: Revolving high-speed cages in casings
fitted with openings.
(Figures on page 48)
High-speed revolving cages are extremely dangerous because of the centrifugal
force especially if the cage is over-loaded or unevenly loaded. Bursting of the cage
may occur particularly when it has not been properly maintained. Loose clothing of
the operative may be dragged by the revolving cage when in contact and lead to
serious accidents.
The figures on page 48 show a hydroextractor which is fitted with an
interlocking guard. Reliance on a loose or hinged cover alone does not satisfy the
requirement of providing effective guarding.
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Group 10: Revolving cutting tools
(Figures on page 49 to page 51)
Examples of this type of dangerous parts are circular cutters, circular shears,
etc. The danger of cutting action exists at the cutting edge of the tool. Major
amputation may result.
The figures on page 49 to 51 show how a milling cutter can be securely fenced
by a fixed guard and a plastic granulator can be fenced either by a 'goose neck' hood
guard or by a hopper fitted with a rotary feeding device.

Group 11: Reciprocating cutting tools
(Figures on page 52 to page 54)
The guillotine is a dangerous machine when used in an unguarded state. The
guillotine blade is particularly dangerous when operated by power. Even momentary
inattention of the operator can result in serious accidents. Lack of care by the
operator and absence of proper training also contribute to guillotine accidents.
The illustrations for this group show how a paper guillotine can be guarded by
an adjustable perspex fixed guard or by a photoelectric safety device, and how a
metal guillotine can be guarded by a fixed metal guard.
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Group 12: Reciprocating press tools and dies
(Figures on page 55 to page 56)
The cutting, forming, and bending action at the tools and dies of power presses,
hydraulic and pneumatic presses account for numerous serious hand and finger
injuries. These machines are universally recognised as dangerous and have posed
many serious problems in accident prevention as well as in designing and
developing reliable and sound mechanical methods in the safe guarding of the tools
and dies of these machines.
The fitting and maintenance of effective guards on power presses is a skilled
job, and a sound knowledge of the machine as well as the causes of press accidents
is necessary to ensure safe operation. Even for power presses which have been fitted
with suitable guards, accidents still occur because of improper adjustment or poor
maintenance of the guards.

Group 13: Reciprocating needles
(Figures on page 57)
Sewing machines are typical examples of the reciprocating needles group.
These machines are responsible for numerous finger injuries in the garment industry,
especially when mass production of garment goods requires the use of very high
speed power driven sewing machines. The fast sewing speed, plus the close
proximity of the operator's fingers manoeuvring near the danger zone, is the major
cause of many sewing needle injuries. Although the nature of such injuries may not
be serious, the pain involved is considerable.
The figure on page 57 shows a sewing needle can be satisfactorily guarded.
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Group 14: Closing nips between platen motions
(Figures on page 58)
The trapping area between closing moulds of plastic injection moulding
machines has caused many serious accidents resulting in the mutilation of a hand or
an arm. Accidents often occur when the operator is trying to use his hand to remove
a moulded article jammed on a mould and accidentally triggers off the photoelectric
device controlling the closing cycle of the mould platen, or is trying to reach the
mould area when the platen is closing. It is not uncommon that the opened platen
may suddenly close due to faults developing in micro switches on these machines. If
the operator cannot withdraw his hand in time, it will be seriously injured. Other
examples are platen presses, paper-embossing machines and die casting machines.

Group 15: Projecting belt fasteners and fast
running belts
(Figures on page 59)
Projecting belt fasteners cause abrasion injuries when any part of a person's
body comes into contact with them. They can also hook onto the person's loose
clothing, thus dragging him onto and around the belt's pulleys and shaftings. Fast
running belts have similar potential for causing serious accidents and injuries. They
can be effectively guarded by fixed guards which may also be single-piece guards
for the parts in Group 3.
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Group 16: Nips between connecting rods or
links, and rotating wheel cranks or
discs
(Figures on page 60)
The nips between the connecting rods / links and rotating wheel cranks /
discs are dangerous points and can lead to serious injury. Such areas can be
guarded effectively by fixed guards which can be designed to have interlocking
hinged sections so that access to parts requiring frequent lubricating can be
made when the machine has been switched off.

Group 17: Traps arising from the traversing
carriages of self-acting machines
(Figures on page 61)
In the planning stage, it is important that the layout of the machinery does
not cause a trapping area between a traversing carriage of self-acting machine
and a fixed object such as wall or column. There is a point of danger where the
moving part of the machine approaches a fixed object (e.g. a column). Always
try to spot and eliminate such danger during planning or replanning of layout.
Should such trapping danger be found afterwards, guard bars (or guides) can be
added so that no person can go in between the pinch point created by the
reciprocating slide when approaching the fixed object.
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Examples and Figures

Group 1: Revolving shafts, couplings, spindles, mandrels, bars and flywheels
Examples: Line and counter shafts; machine shafts; drill spindles;
chucks and drills etc; stock-bars; traverse shafts.

GROUP 1: UNGUARDED

Loose clothing entangled

Shaft

GROUP 1: GUARDED
Shaft guarded
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GROUP 1: UNGUARDED

Unguarded revolving
stock-bar

GROUP 1: GUARDED

Revolving stock-bar
guard
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GROUP 1: UNGUARDED

Drill spindle

GROUP 1: UNGUARDED

Transparent extendable perspex guard provided

Bolts and Nuts

Extendable Guard

34

Group 2: In-running nips between pairs of rotating parts
Examples: Gear wheels; friction wheels; calender bowls; mangle rolls;
metal manufacturing rolls; rubber washing, breaking and
mixing rolls; dough brakes; printing machines; paper
making machines.

GROUP 2: GUARDED

In-running nip

Gears

nning

In-ru

nip

Sliver coiler
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GROUP 2: UNGUARDED

In-running nip between gears

GROUP 2: GUARDED
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GROUP 2: GUARDED

Nip guard for rollers

(Example 1)

Nip guard

(Example 2)

Cut end of rollers

(Example 3)
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Group 3: In-running nips of the belt and pulley type
Examples: Belts and pulleys (plain, flanged or grooved); chain and
sprocket wheels; conveyor belts and pulleys and the like.

GROUP 3: GUARDED

Conveyor belt end

Belt and pulley
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GROUP 3: UNGUARDED

In-running nips between the chains and sprocket wheels

Exposed chains
and sprocket
wheels
underneath
printing machine

GROUP 3: GUARDED
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GROUP 3: UNGUARDED

In-running nips between the belts and pulleys

GROUP 3: GUARDED
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Group 4: Projections on revolving parts
Examples: Key-heads; set screws; cotter pins; coupling bolts.

GROUP 4: UNGUARDED

Projecting key & set screw

Coupling bolts

GROUP 4: GUARDED
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Group 5: Discontinuous rotating parts
Examples: Open arm pulleys; fan blades; spoked gear wheels, and
spoked flywheels

GROUP 5: UNGUARDED

GROUP 5: GUARDED

Fixed guard
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GROUP 5: UNGUARDED

Discontinuous rotating part-- spokes of flywheel

GROUP 5: GUARDED
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Group 6: Revolving beaters, spiked cylinders, and revolving drums
Examples: Scutchers; rag-flock teasers; cotton openers; carding
engines; laundry washing machines.

GROUP 6: UNGUARDED

Porcupine
beaters

Scutcher

GROUP 6: GUARDED
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Group 7: Revolving mixer arms in casings fitted with openings
Examples: Dough mixers; rubber solution mixers

GROUP 7: UNGUARDED

Revolving mixer arms

Granule Mixer

GROUP 7: GUARDED

Interlock enclosure guards
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Group 8: Revolving worms and spirals in casings fitted with openings
Examples: Meat mincers; rubber extruders; spiral conveyors.

GROUP 8: UNGUARDED

Meat mincer

GROUP 8: GUARDED
51mm
Inverted bell guard

Hopper
Guard

152mm

diam.
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GROUP 8: UNGUARDED

Revolving worms

Plastic extruder

GROUP 8: GUARDED

Hopper guard
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Group 9: Revolving high-speed cages in casings fitted with openings.
Examples: Hydroextractors, centrifuges

GROUP 9: UNGUARDED

Revolving cage

GROUP 9: GUARDED
Interlocking guard

Machine cannot be
operated until cover is
in position. Cover
cannot be lifted until
cage is at rest.
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Group 10: Revolving cutting tools.
Examples: Milling cutters; circular shears

GROUP 10: UNGUARDED

Milling cutter

GROUP 10: GUARDED
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GROUP 10: UNGUARDED

GROUP 10: GUARDED

At least 840mm
from the cutter
rotary cutter
fixed knife

Plastic granulator
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GROUP 10: GUARDED

Revolving cutting tools-- rotating
cutter in plastic granulator being
guarded by hopper fitted with a
rotary feeding device which
prevents the entrance of fingers
into the dangerous area
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Group 11: Reciprocating cutting tools
Examples: Guillotines for metal, rubber and paper; trimmers; corner
cutters; perforators.

GROUP 11: UNGUARDED

Paper Guillotine

GROUP 11: GUARDED

Adjustable perspex
fixed guard inclined at
an angle
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GROUP 11: UNGUARDED

Cutter

Metal Guillotine

GROUP 11: GUARDED

Fixed guard with slot
openings
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GROUP 11: GUARDED

B

B

A

A

Reciprocating knives --- paper guillotine guarded by photoelectric safety device
coupled with two-hand control buttons for additional safety.

A --- two-hand control buttons
B --- photoelectric safety device (electric eye)
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Group 12: Reciprocating press tools and dies
Examples: Power presses; drop stamps; hydraulic and pneumatic
presses; bending presses.

GROUP 12: UNGUARDED

Tool

Metal Sheet

Danger zone

Die
Power press

GROUP 12: GUARDED

Fixed Guard (example 1)

Fixed Guard (example 2)
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GROUP 12: GUARDED

Power press (guarded with interlocking guard)
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Group 13: Reciprocating needles
Examples: Single and multiple needles on sewing machines.

GROUP 13: GUARDED

Single and multiple needles on sewing machines can be guarded by simple guard as
shown. It is suitable for almost all types of work without interfering with efficient
production.
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Group 14: Closing nips between platen motions
Examples: Platen presses; paper-embossing machines; die-casting
machines; plastic injection moulding machines.

GROUP 14: UNGUARDED
(Cage guard not provided)

Plastic injection
moulding machine

GROUP 14: GUARDED
(Cage guard fitted)
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Group 15: Projecting belt fasteners and fast running belts
Examples: Bolt and nut fasteners; wire pin fasteners and the like;
woodworking machinery belts; centrifuge belts; textile
machinery side belting.

GROUP 15: UNGUARDED

Unguarded belt fastener

GROUP 15: GUARDED

Belt and pulley
guard
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Group 16: Nips between connecting rods or links, and rotating wheel cranks or
discs
Examples: Side motions of certain flat-bed printing machines; Jacquard
motions on looms; horizontal deep drawing machines; flat
woollen knitting machines.

GROUP 16: UNGUARDED

Hinged guard

GROUP 16: GUARDED
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Group 17: Traps arising from the traversing carriages of self-acting machines
Examples: Shaping machines.

GROUP 17: UNGUARDED

Reciprocating mechanism creating pinch point at fixed object

Wall or column

GROUP 17: GUARDED
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5. Useful Information
If you wish to enquire about this handbook or require advice on
occupational safety and health, you can contact the Occupational
Safety and Health Branch through:
Telephone

: 2559 2297 (auto-recording after office hours)

Fax

: 2915 1410

E-mail

: enquiry@labour.gov.hk

Information on the services offered by the Labour Department and
on major Labour legislation can also be found by visiting our
website http://www.info.gov.hk/labour.
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