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IN QUEBEC, SOME 30,000 PEOPLE work in the plas-
tics industry in about 600 plants. Accident reports of
CSST (the province’s occupational safety and health
commission) indicate that this industry occasionally
experiences incidents involving injection molding
machines. The types of injuries reported range from
small cuts, burns, avulsions, amputations, fractures,
sprains and electric shocks to deaths. The accident
reports reveal that these incidents occurred because
the workers 1) reached around, under, over or through
guards into hazardous zones; 2) removed or bypassed
guards and safety devices; 3) reached into the machine
to remove stuck or jammed material; 4) did not use
lockout/tagout procedures; 5) were victims of
machine malfunctions; 6) were unfamiliar with the
machine and its hazards; and 7) operated insufficient-
ly guarded machines.

The Injection Molding Process 
Injection molding is used to produce plastic parts

through a cyclic process of rapid mold filling
through an injection process. Photo 1 (right) shows
the small automated horizontal injection molding
machine found in IRSST’s machine safety laboratory.
A typical injection cycle is as follows:

1) Melted plastic is injected, under pressure, into
the cavities of a clamped mold with two parts—a
moving part and a stationary part.

2) The screw inside the heating barrel of the injec-
tion unit retracts, metering a specified amount of
molten material for the next shot. In the meantime,
the previous shot that is inside the mold is cooled by
the cooling fluid circulating inside the mold.

3) The injection unit retracts from the stationary
platen.

4) The clamping unit of the injection machine
opens the mold.

5) The ejector unit then forces the plastic parts out
of the mold.

Figure 1 (p. 50) reveals hazardous zones associated
with such a machine. The zones are numbered as fol-
lows: 1) mold area, 2) nozzle area, 3) clamping mech-
anism area, 4) feed opening area, 5) ejector, 6) heating
barrel and 7) part discharge area. A discussion of haz-
ards associated with each zone begins on p. 53. 

Machine Safety: Familiarization
with Risk Assessment & OHSMS

Risk assessment is a technique for evaluating the
risk of harm or damage that could result from identi-
fied hazards. It involves the complete life cycle of the
machine and has been defined in ANSI B11.TR3 as the
process by which the intended use of the machine, the
tasks and hazards, and the level of risk are deter-
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considered. Table 1 describes
typical tasks associated with
industrial machines. 

Hazard identification is a crit-
ical step in risk assessment.
Based on ISO 14121 and ANSI
B11.TR3, some typical mechani-
cal, electrical, thermal, and mate-
rial and substance hazards are
listed in Tables 2 to 5 (pp. 52-53).

Risk Estimation
Risk estimation for a given

hazardous situation (task/haz-
ard pair) is based primarily on
the severity of injuries and the
probability of occurrence of the
harm, as explained in ANSI
B11.TR3. Table 6 (p. 54) pres-
ents a risk estimation matrix
from ANSI B11.TR3.

The severity of the harm is
categorized into levels as follows: 

•catastrophic: death or permanently disabling
injury or illness (worker is unable to return to work);

•serious: severe debilitating injury or illness
(worker is able to return to work at some point);

•moderate: significant injury or illness requiring
more than first-aid treatment (worker is able to
return to same job);

•minor: no injury or slight injury requiring no
more than first-aid treatment (little or no lost work-
time is recorded). 

When determining risk, the worst credible sever-
ity is to be selected (per ANSI B11.TR3). 

The probability of occurrence of harm is estimat-
ed taking into account frequency and duration of
exposure, level of training and awareness of the haz-
ard. ANSI B11.TR3 defines four levels of risks: high,
medium, low and negligible. If the risk level is
deemed not tolerable, risk reduction is required. The
parameters used for risk estimation may vary and
many tools in addition to ANSI B11.TR3 are avail-
able for risk estimation (Paques, 2005). 

As noted, in the planning section of an OHSMS
(per ANSI/AIHA Z10-2005), priorities must be
established based on several factors including the
level of risk. The standard also provides an example
of a risk assessment matrix. 

Hierarchy of Risk Reduction
The hierarchy of risk reduction techniques is pre-

sented in several sources, including ISO 14121, ISO
12100, ANSI B11.TR3, CSA Z432 and Roudebush
(2005). The most effective risk reduction strategy is
to eliminate the hazard through inherent design
measures. Examples might include removing the
need for human intervention; eliminating pinch
points through greater clearances; reducing operat-
ing speeds; lowering the operating pressures; and
lowering operating temperatures.

If the risks cannot be sufficiently reduced,
machine safeguarding is required (McConnell, 2004;

mined. The four stages of risk assessment are
1) determine the limits and specifications of the
machine; 2) identify tasks and hazards; 3) estimate
risk; and 4) evaluate risk. 

Guidance for conducting risk assessment is
detailed in ISO 14121 and ANSI B11.TR3 (Main,
2005; Roudebush, 2005; Tolbert, 2005; Paques, 2005).
Risk assessment needs to be applied to industrial
machines and processes to ensure worker safety.
Information on incident history, energy sources,
nature of the machine and affected personnel (e.g.,
operators, maintenance personnel, technicians,
helpers, supervisors, passersby) is needed.

In addition, ANSI/AIHA Z10, Occupational
Health and Safety Management Systems (OHSMS),
provides an effective tool for continual improve-
ment of occupational safety and health performance.
An OHSMS implemented in conformance with this
standard can help organizations minimize work-
place risks and reduce the occurrence and cost of
occupational injuries, illnesses and fatalities. As
such, five system activities described in the standard
have been identified as 1) management leadership
and employee participation; 2) planning; 3) imple-
mentation and operation; 4) evaluation and correc-
tive action; and 5) management review. For example,
in the planning process, risk assessment is used to
identify and prioritize OHSMS issues. 

Limits of the Machine
ANSI B11.TR3 describes the process of determin-

ing the limits of the machine by 1) intended use, pro-
duction rates, cycle times, speed, force, material to
be used and number of persons involved; 2) space
requirements for machine installation and mainte-
nance; 3) temperature, humidity and noise limits;
and 4) time limits linked to change of fluids, compo-
nents, maintenance and wear. 

Task & Hazard Identification
All tasks associated with the machine should be

identified, and the machine’s life cycle needs to be

Abstract: Many
machines are not

safeguarded properly
because risk assess-
ments are not con-
ducted. This article

describes risk assess-
ment and risk reduc-

tion using a small
automated plastic
injection molding

machine as an exam-
ple. Several types of
risk reduction meth-
ods are discussed as
are some basic tools
intended to simplify

task and hazard
identification.

Figure 1Figure 1

Danger Zones Identified
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and alarms (beepers, sirens, light beacons); 2) train-
ing and administrative controls; and 3) PPE.
Methods based on human behavior generally are less
reliable and more difficult to ensure. Table 7
(p. 54), which is excerpted from ANSI/AIHA Z10,
summarizes the hierarchy of risk reduction methods. 

Risk Assessment:
Injection Molding Machine

Since risk assessment requires that tasks around
the machine be identified and understood, in the
course of this research, the authors visited factories

CSA Z432). Fixed guards (bar-
riers) provide the highest
degree of risk reduction after
inherent design methods. They
prevent access into danger
zones or to parts of a machine
that could cause injury. Fixed
guards are held in place per-
manently by welding or by
means of bolts, screws and
nuts that make their removal
or opening impossible without
the use of tools. Fixed guards
must be sized to cover all
means of access to hazardous
zones; be made of material that
will resist wear, tear and defor-
mation; allow ventilation to
prevent overheating of electri-
cal motors; and be of suitable
height and positioned far
enough away from the danger-
ous parts as explained in ISO
standards 14120, 13852, 13853
and 13854. Gaps (such as
round and square openings or
slots) in guards can be danger-
ous if they are large enough to
allow access to hazards. 

Interlocked mobile guards
are effective risk reduction
methods. These guards can be
mechanical, electrical, electron-
ic, hydraulic or pneumatic in
nature. ISO 13849 provides the
requirements for safety-related
parts of control systems (e.g.,
circuits involved with the inter-
locking of guards, light cur-
tains, two-hand controls,
emergency stops, safety mats).
This standard specifies five cat-
egories—B, 1, 2, 3 and 4—repre-
senting a classification with
respect to the abilities of the
safety-related control system to
withstand faults, as well as its
behavior in the event of faults.

Reliable components and
structural architecture of the
parts in the control system (e.g., redundant and mon-
itored channels) are the backbone of ISO 13848. In
addition, ISO 14119 provides general information on
interlocking devices with and without guard locking.

Presence-sensing devices such as light curtains,
safety mats, laser scanners and pressure-sensitive
edges, as well as the use of two-hand controls are
other risk reduction methods. ISO 13855 provides
guidelines on these devices, especially in terms of
safety distances required for them to function as
effective risk reduction methods.

The least effective methods are 1) warning signs

Table 1Table 1

Typical Tasks for Machine Life Cycle

Note. C = construction stage of the machine; T = transportation of the machine; I = installation of the
machine; S = setting of the machine; O = operation of the machine; M = maintenance done on the machine; 
D = dismantling of the machine.
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•connecting and disconnecting electrical cables
for certain types of molds;

•purging to remove molten plastic from the heat-
ing barrels;

•changing the nozzle of the injection units (e.g.,
to match with different molds); 

•shutting down heat on the barrels;
•unblocking or removing

products stuck into the molds
or ejectors;

•cleaning the molds;
•reaching into the molds

to manually remove finished
products when the machines
are operating in semiautomatic
modes (i.e., one cycle at a time);

•inspecting final product;
•manually feeding raw mate-

rials (plastic pellets) into the
hoppers;

•performing maintenance
or troubleshooting hydraulic
or electrical systems;

•setting or changing the
operating parameters in the
electronic programmable sys-
tems (e.g., injection pressures,
temperatures in the heating bar-
rels, speeds of rotating screws).

Table 8 (p. 55) illustrates risk
assessment and the associated
risk reduction method as de-
scribed in ANSI B11.TR3 when
applied to the injection molding
machine at IRSST. The task
selected for review is as follows:
A worker operates the machine
in semiautomatic mode and
manually removes molded parts
at the end of each cycle. Existing
safeguards are not considered at
this stage. This approach is pre-
ferred since it facilitates the iden-
tification of all hazards and even
possible elimination of those
hazards through inherent design
measures. 

Consider this example of the
risk estimation phase. A crush-
ing hazard exists when the mold
closes. The hazardous zone is
found between the machine’s
stationary and mobile platens,
onto which the two halves of the
mold are attached. The proba-
bility of harmful occurrence is
very likely since the worker fre-
quently enters this zone—
approximately each minute
when the machine operates in a
semiautomatic mode. Also, the
accumulated duration of expo-

operating in the plastic sector in Quebec in order to
gather information about the different tasks per-
formed around a typical injection molding machine.
The following tasks were identified:

•installing and uninstalling the molds;
•connecting and disconnecting the cooling cir-

cuits for the molds;

Table 2Table 2

Mechanical Hazards Checklist
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Operator’s Gate: Electrical Interlock
Although the injection molding machine is fully

automated—meaning its operation cycles are con-
trolled by an electronic programmable system—the
safety-related electrical interlock is a hardwired elec-
trical interlock circuit (i.e., safety limit switches,

sure to the hazard is very high. Normally, the severity
of the harm is catastrophic since if the mold closes
when part of the worker’s body is in the danger zone,
s/he will suffer crushing injuries. In larger models, the
whole body of the worker can fit inside the hazardous
zone and s/he might be crushed to death. Therefore,
the risk level is high. 

Detailed Analysis of
Risk Reduction Methods

Two standards—ANSI/SPI
B151.1-1997 and EN 201-1997
—address the safety of horizon-
tal injection molding machines.
The authors studied the electrical
and hydraulic circuit diagrams
of the machine shown in Figure 1
(p. 50) and in the model at IRSST,
as well as machine specifications
in order to analyze the risk
reduction methods used. 

Mold Area
Since the machine used in

this study is relatively small, it
has a tunnel-shaped guard pro-
tecting all sides (front, top and
rear) of the mold area. This
guard protects the worker from
moving parts as well as from
the projection of hot plastic.
When the gate is opened, the
movements (closing and open-
ing) of the mold-clamping
mechanisms, of the ejectors, of
the injection unit and of the
rotating screw are all stopped
and prevented from starting.

This was verified by study-
ing the schematics and by tests
on the machine. The operator’s
guard was opened while the
machine was running in auto-
matic production mode and
semiautomatic mode, and un-
successful attempts were made
to start dangerous movements
of different parts of the
machine. The interlocked
guard has redundant safety-
related self-checking control
circuits to ensure the continu-
ance of performance in the
event of a fault(s) in the circuit.

Risk reduction is achieved
by three independent and self-
monitored interlocks, based on
three different technologies.
Hence, the likelihood of com-
mon mode failures is reduced.
The following discussion de-
scribes these risk reduction
methods.

Table 3Table 3

Electrical Hazards Checklist

Table 4Table 4

Thermal Hazards Checklist

Table 5Table 5

Materials & Substances Hazards Checklist
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machine, prevents all dangerous move-
ments in the machine (e.g., platen closing,
injection forward, ejectors, rotation of the
screw inside the heating barrel).

Operator’s Gate: Mechanical Interlock
The machine’s mechanical interlock

protection prevents movement of the mold
when the safety gate is opened—that is, a
mechanical device prevents the moving
platen from closing. For example, if the
safety gate is opened as the clamping unit
is closing, a blocking element is pushed

into the grooves of a metallic
rod via springs. This inhibits
the closing movement of the
mold. A proximity switch mon-
itors the position of the
mechanical blocking element. 

Operator’s Gate:
Hydraulic Interlock

In addition, a safety hy-
draulic valve is used to act as a
hydraulic interlock. When the
operator’s gate is opened, a
safety limit switch with forced
opening contacts and in posi-
tive actuation mode interrupts
electrical power supplied to the
solenoid of the safety hydraulic
valve, which is then shut off.
Using the de-energize principle
(the safe state is obtained by
removing the electrical control
signal), the spring-centered,

overlapped and closed-centered safety valve blocks
the hydraulic fluid supplied to the mold closing cir-
cuit. This interlock circuit is independent of the elec-
trical and mechanical interlocks. The hydraulic
safety valve also is redundant to the machine’s main
directional hydraulic valve and the position of its
spool is self-monitored.

In addition, the machine has the following basic
safety principles associated with its hydraulic safety-
related control system: 1) pressure limitation by the
use of two pressure relief valves; 2) avoidance of con-
tamination of the fluid by using filters to remove
solid particles that  could otherwise affect safety crit-
ical hydraulic components; 3) separation of safety-
related functions from other functions; and
4) monitoring of the temperature of the hydraulic oil
and shutting down the machine when the oil tem-
perature exceeds a certain value. 
Clamping Unit Area

The clamping unit is accessed during maintenance
and fixed guards can be used. The machine studied
features a mobile interlocked guard that is connected
to the same safety control circuit as the operator’s
gate—it actuates the two safety limit switches as well
as its own safety limit switch. The electrical and
hydraulic interlocks described earlier apply to the
mobile guard protecting the clamping unit as well.

cables and safety electromechanical relays, operat-
ing independently of the programmable system).
This ensures separation of safety-related functions
from normal operating functions.

Two electromechanical limit switches—with
forced opening contacts and in positive actuation
mode (i.e., actuated when the guard opens)—are
used to monitor the position of the gate. The limit
switches change state each time the guard is opened
or closed, and a predetermined state of the two
switches is needed to allow hazardous motion. The
limit switches are securely mounted so that align-
ment and switching tolerances are maintained
under all expected conditions (e.g., vibration, nor-
mal wear, ingress of foreign bodies, temperature).

Technically linked safety electromechanical
relays are used to monitor the position of the opera-
tor’s gate and to detect faults in the internal electri-
cal contacts of these relays, thus increasing the
reliability of the safety-related control circuit. The
working principle of this interlock is as follows:
When the operator’s gate is opened, the safety limit
switches are actuated and electrical power to the
electrical solenoids used to pilot a hydraulic valve is
shut off. The hydraulic valve, which is spring-cen-
tered, overlapped and closed-centered, and which
supplies hydraulic energy to all parts of the

Table 6Table 6

Risk Estimation Matrix

Table 7Table 7

Hierarchy of Safety & Health Controls

Note. From ANSI/AIHA Z10-2005, Occupational Health and Safety Management Systems, by ANSI/AIHA.
2005. Alexandria, VA: AIHA.
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hardwired independently of electronic programma-
ble systems, using cables and certified safety mod-
ules. They should act directly on coils of power
elements such as electrical contactors.

Lockout/Tagout
A lockout/tagout procedure is an effective risk

reduction method that can be used to prevent in-
juries resulting from unexpected start-up or release
of stored energy in injection molding machines. This
method is not technical in nature. It is primarily
behavior-based, with specific safety procedures to be

Purging Area Protection 
An interlocked guard pro-

tects the front, rear, bottom and
top sides of the purging area
behind the stationary platen.
This guard protects the worker
from hot plastic coming out of
the nozzle, as well as from a
crushing hazard that is present
when the injection unit ad-
vances toward the stationary
platen. When this interlocked
guard is opened, the screw
inside the barrel cannot rotate
or advance. The injection unit
also cannot advance. These
conditions have been tested
and verified by studying 
the machine’s schematics. An
electromechanical safety relay
monitors the position of the
mobile guard.

In addition, a fixed guard
prevents inadvertent contact
with high voltage and high
temperature when the injection
unit is in the normal operating
position. Fixed guards are used
at the parts discharge opening
to prevent access to hazards in
the mold area through this
opening. A conveyor belt could
eventually act as a barrier. 

Risk Reduction
in Larger Models

The risk assessment pre-
sented in this article involves a
small injection molding ma-
chine. Additional safety meas-
ures are needed for larger
models. For example, it might
be possible for workers to
stand between the operator’s
gate and the mold area. An
emergency stop button readily
accessible from that area, as
well as presence-sensing de-
vices, such as safety mats or
photoelectric beams, are re-
quired. Actuation of the presence-sensing devices
will prevent all movements in the machine. The safe-
ty circuits need to be monitored and tolerant toward
faults for improved reliability.

In practice, safety mats and light curtains are cer-
tified safety components. However, the whole safe-
ty-related control circuit—including hydraulic
valves and electrical contactors if applicable—must
be redundant and monitored so that failure of one
component does not jeopardize safety. In addition,
emergency stops for all injection molding machines
and for industrial machines in general should be

Table 8Table 8

Risk Assessment & Reduction
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followed, as explained by ANSI/ASSE Z244.1 and
CSA Z460. Workers must be trained to implement
effective lockout procedures. The main steps of this
procedure are as follows:

•Prepare for shutdown. This includes under-
standing all the hazards and notifying other workers
of shutdown.

•Shut down the machine following the normal
shutdown procedures.

•Isolate all energy sources (e.g., open electrical
isolators, shut off hydraulic valves).

•Apply locks and/or tags to electrical isolators.
•Verify equipment isolation (e.g., attempt a nor-

mal start up, use a voltmeter, use a pressure gauge).
•Release stored energy.
•Perform the task.
•Ensure that the machine is properly assembled

and that tools are removed. Also, workers outside
danger zones must be notified that locking devices are
being removed. Then, workers can remove their locks. 

•Reenergize the machine. 
In Quebec, lockout procedures are required by

province’s occupational health and safety regula-
tions for interventions such as maintenance, removal
of blocked material and repairs in the danger zones
of machines. 

Conclusion
Machine safeguarding is an increasingly impor-

tant issue as risk tolerance continues to evolve. Some
machines are imported from countries with different
safety regulations. Others may be purchased used
and may not be properly safeguarded. In other
cases, machines may have been upgraded or cus-
tomized by engineers who are not familiar with risk
assessment and machine safeguarding. These fac-
tors, combined with the bypassing of existing pro-
tective devices for various reasons, create a
potentially hazardous working environment. Com-
prehensive risk assessment and subsequent risk
reduction can help employers remove those hazards
and create a safe working environment.
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