
1 General Information

VG safety gears consist of a pair of end assemblies which can bolt directly to the
buffer channels or car frame.  However, the top plate of the safety gear must be
strengthened by an intermediate mounting plate if the distance between the car
frame supports is too great. The maximum unsupported distance and the
principal dimensions of the VG range are shown in Figure TD1.0.  All channels
and/or support plates must extend the full depth of the safety gear top plate (see
figure TD 1.7.2)

Each end assembly has two spring loaded linkage mechanisms which carry and
engage the friction gibs.  The linkage mechanisms are designed to centralise the
safety gear when it is engaged.  This feature, in conjunction with large running
clearances, means that VG safety gears can be used with spring loaded roller
guide shoes, sliding shoes or solid rollers.

The force needed to operate a pair of downward acting safety gear end
assemblies is approximately 30 Newtons (disregarding the force of any torsion
springs fitted) and several pairs can be operated by a single over-speed
governors.  The actuating arm may be mounted on either side of the safety gear
depending on the location of the over-speed governor.  The end assemblies are
connected together by a screwed rod for easy and accurate synchronisation of
the end assemblies.

 
The force needed to release the safety gear is also very low. This enables the
safety gear to be disengaged by the lift machine and not to require special lifting
tackle.

The braking force is controlled by the compression of the spring stacks. These
are adjusted in accordance with the certification tests carried out by BSI.  Tests
were carried out on guide rails with a superior surface finish as this represents
the best practice in modern guide rail technology.  If the safety gear is used on
rails with a standard finish, or if used with a mass different from that shown on
the label, the braking force may need to be adjusted on site.  (See relevant
installation and adjustment data)

To comply with the harmonised version of EN81, a lift must prevent "uncontrolled
upward movement".  As all VG safety gears can be inverted to brake in the
upward direction, code compliance can be obtained by fitting separate "upward
acting" safety gear in tandem with a standard "downward acting" safety.  This
additional safety can either be attached directly to the downward acting safety
gear or mounted separately on top of the crown channels.

The VG-5 safety gear is bi-directional safety gear and has two independent
braking mechanisms within a common housing.  Both bi-directional and
"combined" safety gears can be operated from a single friction type, bi-directional
over-speed governor.

VG-2a, VG-5 and VG-6 safety gears have a common footprint and mounting
dimensions.  The VG-4 has a narrower footprint more suited to smaller lifts. The
VG-4 can be fitted with an extended shaft to match the rest of the VG range.



2.1 Over-speed governors

VG safety gears can be operated by either friction type or “drop jaw” type
governors.  However, when bi-directional operation is required, either two
separate drop jaw governors must be fitted or a single friction type governor.

These governors have different operating characteristics which must be taken
into account when deciding on the type of over-speed governor best suited for a
particular application.

Regardless of the type of governor, EN81 requires that it will generate twice the
force needed to engage the safety gear with a minimum value of 300 Newtons.

2.1.1 Friction Governors

These governors can operate in both directions and hence may be used to detect
an over-speed in either the “up” or “down” directions.  They operate by locking
the governor wheel using a latch which engages when the governor reaches a
specific speed.  The force generated by the governor depends on:-

1 The governor rope tension.  This is controlled by the tension weight (see
section TD 1.9 for design formulae)

2 The groove profile of the governor.  Normally these are “V” grooves.

3 The rope speed over the governor wheel.  The higher the speed, the
lower the force generated by the governor.

4 The direction of travel.  The governor generates a different force in the up
and down directions. (refer to section TD1.9 for design formulae)

This type of governor is very popular because of its low-cost.  However, this type
of governor can reset if :-

a) The governor rope tension is released thereby allowing the latch
mechanism to disengage.

b) The governor is rotated backwards by only a few millimetres thereby
allowing the latch to disengage.

For the above reasons, friction type over-speed governors may release the
safety gear under certain test conditions.

This could happen if there is counterweight or car “bounce” following a safety
gear test.  Car bounce normally only happens if the lift car decelerates greater
than 1g and where there are no spring anchorages fitted to the counterweight.

It is stressed that this will not happen under the “free fall” test conditions
that both the governor and safety gear have been tested and certified.



2.1.2 Drop Jaw Governors

This type of governor is generally more expensive and only operates in one
direction.   When the governor reaches a specific speed, a separate gripping
element (or “drop jaw”) is released which clamps the governor rope.  The force
generated will depend on:-

1 The gripping force of the drop jaw.  This is normally adjustable by means
of a compression spring to suit the requirements of the safety gear
operating force.  See note in section 2.1

2 The speed of the rope passing through the gripping elements. The higher
the speed, the lower the force generated by the governor.

3 The groove profile of the gripping elements.  These are normally circular
or semi-circular.

As the gripping force does not depend on the governor rope tension, lighter
tension pulleys can be used than on friction type governors.

The response time of a drop-jaw governor may be higher than a friction type due
to the time taken for the jaw to drop and start gripping the rope.

However, regardless of any car or counterweight “bounce” which could
cause a safety gear to release and a friction governor to reset, a “drop-jaw”
governor will always ensure that the safety gear will re-engage.

Drop jaw type governors are considered more reliable and are the preferred
option for uni-directional applications.

2.2 Governor Rope Attachment

The total vertical movement of the safety gear actuating arm is 44 mm.  The first
30 mm of movement brings the jaws into contact with the guide rail and only
during the final 14 mm do the jaws start to grip the guide rail.

The governor rope can be attached either directly to the actuating arm or
indirectly via an anchorage bracket bolted to the car frame.

a) If the governor rope is connected directly to the actuating arm the
maximum force should not exceed 300 Newtons.

If the force is greater than 300 Newtons, it is recommended that
accessory kit SK3, or similar device, is used to take the applied force.

b) The preferred governor connection is via accessory kits SK2 or
SK10.  These have been designed to operate with governors producing a
force between 300 to 600 Newtons (maximum 900 Newtons) and to limit
the vertical movement to 44 mm.

These accessories are ideally suitable for friction type governors. If a drop-jaw
governor is used it is recommended that it is set to generate a maximum force of 600
Newtons.



2.3 Inertia Springs

To ensure the safety gear does not operate during normal lift service, an “inertia
force” is required to overcome the governor rope system inertia. This depends on
the mass of the governor rope system and the lift acceleration to be opposed.
This force is normally provided by an “inertia spring” fitted to the safety gear or a
“bomb release” type mechanism.  For a bi-directional safety gear, two inertia
springs will be required, one for the up direction and one for the down direction.

The governor system must generate sufficient force to overcome the inertia
spring and to operate the safety gear.  Figure TD1.9 illustrates a schematic of a
typical friction governor system together with the relevant technical information.
Figure TD1.9.1 illustrates the governor and safety gear forces with kit SK10
needed to comply with the requirements of EN81.

For a downward acting safety gear, the force required to operate each safety
gear end assembly is 15 Newtons. This if the force required to raise the gripping
jaws into contact with the guide rail and does not take into account any
imbalance forces of the lift car or any inertia spring force.  When safety gears are
inverted to act in the up direction, a biasing force of 15 Newtons is required to
keep the jaws clear of the guide rail.

Torsion springs are now included as standard across the entire VG range to
provide a biasing force and a governor inertia force.  Two light springs are
recommended when a safety gear is used in the “up” direction and only one fitted
to a “down” acting safety gear.  These springs will provide 100 Newtons inertia
force in both up and down directions and hence will be suitable for lift travels up
to 40 metres.

Stronger torsion springs can be fitted to increase this inertia force to permit
travels up to 60 metres.  Alternatively, auxiliary inertia springs kits SK2 and SK3
can be fitted to increase the maximum lift travels up to 100 metres.

When duplexing VG safety gears, it may be necessary to reduce the number of
torsion springs fitted to each end assembly.  These can either be removed or left
in place but disengaged.

A spreadsheet programme is available for checking code compliance of different
combinations of inertia springs and end units.   This programme is available from
Cameron Design if required (see section 4.3)

2.4 Guide Rail Type

VG safety gears were type-tested using class one rails from SAVERA having
with a super-brushed finish.  These rails have a lower friction coefficient than
standard machined guide rails.  However, all VG safety gears can be used with
rails having a coarser surface finish.  To compensate for different surface
finishes, the braking force can easily be adjusted on site should this prove to be
necessary.



2.5 Carbide Toothed Inserts

All current models of VG safety gears use a common carbide toothed insert.
After extensive testing, Cameron Design is convinced these are the most reliable
and safest gibs for use on lifts.  On both dry and lubricated guides, these have
demonstrated a consistency of braking force unmatched by plain gibs.
Furthermore, they are less sensitive to rail contamination.

VG safety gears have been type-tested on class-one guide rails manufactured by
SAVERA Ltd.  Therefore, they should work on guide rails which have become
burnished during the working life of the lift or.  Some down-rating of the safety
gears may be required on used guide rails which have been "work hardened"
over time or have become impregnated by carbon liners.

The gibs brake by a combination of sliding friction and shearing as the teeth grip
the guide rail.  These teeth produce 8 shallow grooves some 0.15 mm deep by
0.25 mm wide in the rail surface.  Guided by the gib stabilisers, these grooves
remain parallel to the rail front edge and are easily dressed smooth by using
emery paper.  After dressing these grooves do not detract from the performance
of either sliding or rolling shoes.

Repeat testing on a section of a (previously) grooved guide rail did not result in
any deterioration of braking force.  Cameron Design is therefore confident that
the presence of grooves will not reduce the braking should a safety gear be
required to brake over the same section of guide rail.

Carbide toothed inserts have demonstrated a superior wear characteristic over
conventional steel gibs.  The minimum life expectancy of the inserts is 10 full-
load - full speed drop tests.   A greater number of tests can be carried out on lifts
with a lower mass and/or speed than the maximum permitted.

2.6 Guide Rail Lubricant

VG safety gears have been certified using different lubricants to determine their
sensitivity to different types of rail lubricant.  These include a mineral oil to ISO
grade 68, an extreme pressure gear oil and a 5-50 multi-grade engine oil.  Tests
have also been carried out using other oils and greases on a hydraulic test rig

As a result of these tests it has been confirmed that VG safety gears are
insensitive to the grade of oil used.   Furthermore, there is no significant braking
difference between lubricated and non-lubricated guide rails.



2.7 Ascending Car Over-speed Protection

All VG safety gears can be inverted to operate in either the "up" or "down"
directions.  To comply with EN81, a lift manufacturer can choose either:-

a) Separate Safety gears

One safety gear is used to brake in the "up" direction and an additional and
separate safety gear used to brake in the "down" direction. The safety gears can
either be combined in tandem below the lift car or alternatively, mounted
separately with the “upward” braking safety gear fitted to the crown channels.

Examples of the different methods of combining "up" and "down" safety gears
are illustrated in figures TD1.4 to TD1.6. Examples of safety gears mounted in
tandem below the lift car are illustrated in figures TD1.10.1 and TD1.10.2.

The preferred arrangement is to have the “downward” safety gear mounted
below the car and the “upward” acting mounted onto the crown channels.
Mounted in this way, the safety gears are inherently stable and the loads
imposed on the holding down bolts are low.

When combining safety gears below the lift car it is recommended that the
flanges of the buffer channels be strengthened by fitting an adapter plate
between the buffer channels and the safety gear.  This is suitable for a maximum
(P+Q) of 4500 kg.  At higher loads, additional bracing will need to be
incorporated and technical assistance from Cameron Design must be obtained.

b) Bi-directional safety gear

The VG-5 is a bi-directional safety gear and is illustrated in Figures TD1.7 and
TD1.7.1.  Essentially it combines two braking elements within a common
housing.  One mechanism is designed to brake in the "up" direction and the other
in the "down" direction. Normally the bi-directional safety gear should only be
fitted below the lift car.  If required to be mounted above the lift car, technical
assistance from Cameron Design must be obtained.

It is recommended that the VG-5 is mounted onto an intermediate adapter plate
as per TD1.7.2 in order to strengthen the flanges on the buffer channels.

Regardless of whether separate safety gears or a bi-directional unit is used, the
Braking Force needed in the "up" direction is substantially less than that required
in the "down" direction.  The braking force required to decelerate a lift car at 0.5g
in the "up" direction is approximately half that required in the "down" direction.
All bi-directional and combined safety gears are adjusted to generate 50%
braking force in the up direction.

Both separate and bi-directional safety gears can be operated by a single friction type
governor.  However, to generate sufficient force in the up direction, the mass of
the governor rope tension weight may need to be increased and should be
fitted with a "lockdown" device to prevent it loosing tension.  A lock-down
kit for attachment to a standard tension weight is available.   See
accessory kit SK8.



2.8 Environmental Protection

VG safety gears have been designed to operate in a benign environment and
exposed to temperate climatic conditions.  Consequently, environmental
protection is achieved by zinc plating to a commercial standard, chemical
blacking or by painting.

Should the safety gear be required to operate under more severe climatic
conditions, then special finishes may be required and these are available to
special order.    All special operating environments should be brought to the
attention of Cameron Design.

3 Design Features

1. 6 mm running clearance both sides - suitable for roller guide shoes or
sliding shoes

2. Certified for both lubricated and dry rails on class one guide rails.
3. All single models can be duplexed to double their braking capacity.
4. VG safety gears can be inverted to prevent "upward falling". Either

tandem mounted or separately mounted.
5. Special "dual acting" safety gear for upward and downward protection.
6. "See through" design for ease of inspection and maintenance.
7. Surface mounted for ease of design and installation.
8. Large running clearances between safety gear frame and guide fixings

9. Simple and accurate braking force adjustment to suit on-site
conditions.

10. Rail widths 9 to 19 mm as standard - other widths to special order
11. Special configurations accommodated by means of accessory kits
12. Low operating force – up to 8 end assemblies can be operated by a

single friction type governor.
13. Technical support by Cameron Design.
14. Non-handed and universal design
15. Low release force after engagement
16. Common mounting across complete VG range.
17. Common spares on critical components across range.



4 Outline Data and Specification

The VG range has been re-certified by BSI:-

a) To harmonise the maximum governor tripping speed across the range.  All VG
safety gears with toothed inserts can now operate at a maximum governor
tripping speed of 4 m/sec. (see note 2 below)

b) To restrict the disc spring compression to 75% of its maximum value.   This will
permit harmonisation of the load ratings between the ANSI and EN81 codes.

c) To allow different values of (P+Q) at different governor tripping speeds.  The
entire range can now benefit from the enhanced braking effect at lower operating
speeds.

d) To have common values of (P+Q) for lubricated and non-lubricated guide rails.
The previous minor rating differences between lubricated and non-lubricated
guide rails have been eliminated.

The revised “down” ratings for the range are shown in the table below.

Maximum Value of (P+Q) kg
Governor
Speed m/sec

VG-4 VG-2a VG-5 VG-6

0.5 1900 3770 2545 5800

1.0 1810 3500 2405 5400

1.5 1724 3245 2270 5020

2.0 1639 3000 2145 4660

2.5 1556 2770 2020 4320

3.0 1477 2550 1900 4000

3.5 1400 2350 1790 3700

4.0 1326 2150 1680 3410

Notes

1 The above (P+Q) loads are nominal values.   These can be exceeded by
a maximum value of 7.5% as permitted in EN81.

2 The first application above a tripping speed of 3.23 m/sec must be witness tested
by BSI.  Please contact Cameron Design when a suitable



installation has been identified.

3 The above values of (P+Q) can be doubled when a safety gear is being
used as an upward acting brake.

4 Duplexing of VG safety gears has been verified under drop test conditions
to double the above ratings.

5  Rail widths greater or smaller than 16 mm are available to special order.
Safety gears can be used on guide rails having a courser surface finish
than Savera Class one.

5 Accessory Kits

The modular nature of the VG range means that several different mounting
arrangements are possible by selecting from a range of accessory kits.  The
following is a list of the kits currently available.  The diagrams show typical
assemblies using standard kits.

Cameron Design can provide technical assistance to lift manufacturers on
special applications.  For example, figure TD1.8 illustrates a special car lift
arrangement on a four guide system.  This required double-duplexed VG safety
gears in the down direction and single VG safety gears in the up direction.

SK1 Standard Operating Kit - Figure TD1.1

This kit comprises the actuating arm, transfer arms and clevis assemblies
needed to operate a standard downward acting safety gear.  It should be noted
that the connecting rod between pairs of safety gears and the actuating rod is
normally supplied by the car manufacturer but can be supplied to special order.

SK2 Inertia Bracket Assembly - Figure TD1.2 and TD-SK2

This is used for an indirect connection between the safety gear actuating rod and
the governor rope.  The position of the governor rope is offset by 61mm from the
actuating rod.

The bracket is used only with downward acting safety gears which require a car-
top connection.  It must be bolted to the car sling as illustrated.  The assembly does not
include the connecting rods or wedge sockets (kit SK9) as standard although these are
available to order.

The bracket has an auxiliary inertia spring to increase the maximum lift travels up
to 75 metres.  For travels below 40 metres, the torsion springs fitted within the brake
units will be sufficient.

If no auxiliary inertia spring is required, it is recommended that accessory kit SK10 is
used in preference to kit SK2.   This kit can be used for a single direction only if this is
required.



SK3 Auxiliary Inertia Spring Assembly - Figure TD1.3

This can be used with safety gears working either separately or as combined "up"
and "down" safety gears.  The inertia spring assembly bolts directly to the safety
gear as illustrated and when fitted alongside the standard inertia springs, is
suitable for lift travels up to 75 metres.

There are two versions of this kit.  The standard version SK3 is suitable for all
safety gears fitted with normal length connecting shafts. (see dimension "C" in
figure TD1.0)  However, safety gear VG-4 can be fitted with a longer shaft to
enable it to work with the VG-2a for upward movements.  The kit for this is SK3E.

If fitted and set to limit the vertical travel to 44 mm, the safety gear actuating arm
can withstand a governor force of up to 3000 Newtons.

SK4Pivot Bracket Assembly - Figure TD1.4

The pivot bracket is bolted direct to the car frame and is used to connect
separate "up" and "down" safety gears requiring an indirect connection to the
governor rope.  The offset of 61 mm from the actuating rod is common with the
inertia bracket assembly SK2.   This bracket assembly can withstand a maximum
governor force of 1200 Newtons.

It is recommended that the auxiliary spring kit SK3 is fitted to protect the
operating linkage from being subjected to an excessive governor force.

The assembly is supplied with slotted link plates and clevises to connect top and
bottom safety gears and the governor.  The kit does not include the connecting
rods or wedge sockets (kit SK9) as standard although these can be supplied if
required.

SK5 Double stacking kit (duplexing) - Figure TD1.5

This kit is used to connect two safety gears working in tandem to double the load
carrying capacity of the safety gear.  Each kit comprises the additional clevises
and linkages to enable the safety gears to be operated by a single governor.

When duplexing a pair of safety gears, only one standard operating kit SK1 and
Switch kit SK7 will be provided for each duplexed pair.

SK6 Up-Down Connection kit - Figure TD1.6

Used to connect 2 sets of safety gears, one set fitted beneath the lift car to work
in the down direction and the other mounted on the crown channels to work in the
up direction.  The kit includes the linkages and clevises to connect the separate
"up" and "down" safety gears together.  The kit does not include the connecting
rod or wedge sockets (kit SK9) although these are available to special order.

It is recommended that the auxiliary spring kit SK3 is fitted to prevent the safety
gear operating linkage from being subjected to an excessive governor force.



SK6C Combined Safety Linkage Kit - Figure TD 1.7

Actuating linkage for "combined" safety gears acting as bi-directional devices.
Linkage kits are available for different combinations of VG safety gears.

SK7 Switch Kit

Safety switch, operating cam and fixings to connect to the safety gear.  One kit is
normally supplied for each set of safety gears.

SK8 Lock-down Kit

This is should be fitted to the tension weight used with all bi-directional governors
to prevent it from lifting.   The device is supplied with the fixing bolt to secure the
unit to the tension weight but not for securing the device to the lit well or bracket
structure.  

SK9 Wedge Sockets

A pair of wedge sockets to suit 6-8 mm diameter governor rope.

SK10

This is a bi-directional version of kit SK2 but without an inertia spring.  The kit is
fitted with a balance spring to offset the mass of the connecting rod or link
(provided by the lift manufacturer)  The force needed to overcome the governor
inertia is provided by the torsion springs fitted as standard to VG safety gears.

The kit can be used for combined safety gears fitted below the car or with dual
acting safety gears.  Examples of different applications is given in Figures 1.10.1
to 1.10.3.

AK- 7 Bi-directional kit

A kit of parts for the VG-5 bi-directional safety gear.  The kit includes the
actuating kits, switch kits and torsion springs.  The kit can also be specified for
combined safety gears.  These have different link plates to suit the different sizes
of safety gear.



Application Summary Chart

Accessory kit SK1 SK2 SK3 SK4 SK5 SK6 SK7 SK8 SK9 SK10

Standard equipment.
Figure TD1.1

1 * * 1

Down safety gear -  indirect
connection. Figure TD1.2

1 1 * 1 1

Down safety gear – direct
connection.  Figure TD1.3

1 1* 1

Dual acting safety gears Indirect
connection.  Figure TD1.4

2 2 1 2 1

Down safety gears – Duplexed
Figure TD1.5

1 * * 1 1 *

Dual safety gears
Direct connection. Figure TD1.6

2 2 1 2 1

Bi-directional – Direct connection.
(Kit AK7)  Figure TD1.7

2 * 1 2 *

Bi-directional kit TD1.7.1
ndirect connection.

2 1 2 2 1

Combined safety gears
Direct connection, (Kit AK7)
Figure TD1.7.2

2 * 1 2

Special 4 guide system
Figure TD1.8

4 6* 2 2 4 *

Kit SK10 for combined and dual
Acting safety gears
Figure TD1.10.1 to 10.3

2 2 1 1

SK1 Standard operating kit
SK2 Inertia Bracket 
SK3 Inertia spring assembly
SK4 Pivot Bracket assembly
SK5 Duplexing  kit
SK6 Up-down connection kit – remote operation
SK6B Actuating kit for bi-directional safety gear (VG-5)
SK6C Actuating kit for combined safety gears
SK7 Switch kit
SK8 Lockdown kit
SK9 Pair of wedge sockets
SK10   Bi-directional kit for VG-5 and combined safety gear
AK7 Combination kit for bi-directional and combined safety gears.

Note *  Internal torsion inertia springs are now fitted as standard to all end assemblies.
These are suitable for lift travels up to 40 metres.   Stronger torsion spring kits are
available for lift travels above 40 metres.  Alternatively kit SK3 can be used to increase
inertia force.

















































VG-2a Safety Gear

Mounting and Installation

VG safety gears are designed to be bolted directly to the car frame or buffer channels
using the slotted holes provided and must be supported by the car frame as illustrated in
figure 2.2.  If the distance between the support members is greater than 125 mm then a
support plate must be provided by the car manufacturer.

The lower surface of the safety gear is used for mounting the bottom car guide shoes
using an appropriate adapter plate.  It is permitted to machine additional slots or holes in
the top/bottom plates within 25 mm either side of the centreline of the fixing slots.

1. The mounting and adjustment of the safety gear should be carried out with the
bottom guide shoes removed.  The car balance should first be checked and any
compensation weights added to ensure that the Out-of-balance load (OBL) is
within the rating of the guide shoes.

2. The car frame must be correctly positioned relative to the guide rails in both planes
and blocked to maintain correct location while the safety gear is being fitted.  Each
safety gear end unit should be loosely bolted to the buffer channels or sub-frame
member using 16 mm diameter bolts.

3. Each end assembly must be set square and central to the guide rails in both
planes before tightening the bolts.  This can be done by raising both gibs until they
are in contact with the guide rail before tightening the bolts.  When located
correctly, the gap between the top of the gib and the underside of the top plate is
less than 12mm.  (see figure 2.1)

4. With the gibs in contact with their respective guide rail, fit the guide shoes and
clamp securely in place.  Remove any blocking between sling and guide rail and
release the gibs.

5. The operating arm should be fitted to the governor end and the lever crank fitted to
the remote end as shown in figures 2.2 using the 8 mm screw sets provided.   The
arm can be fitted on either side of the safety gear to suit the location of the
governor.

The connecting rod between the end assemblies should also be fitted. The length
of the rod should be adjusted using the clevis ends so that both sets of gibs
contact their respective guide rails simultaneously when the operating arm is lifted.

IMPORTANT CHECK - All gibs MUST contact the guide rail when the
operating arm is lifted.

When correctly adjusted, the clevis ends should be locked using the nuts provided.

6. The rope anchorage bracket should be fitted to the sling and the operating rod
length adjusted to suit the position of the operating arm.  Check that the gibs are
not being lifted and the complete assembly operates freely before connecting to
the governor rope.



Over-speed Governor

The safety gear is designed to work with over-speed governors of either the drop-jaw type
or friction type.  The minimum force exerted by the governor must be at least twice that
required to engage the safety gear subject to a minimum force of 300 Newtons.  The
mechanical tripping speed of the governor must be set in accordance with the current
issue of EN81: part 1 or the equivalent National Standard.

Governor Rope Attachment

The standard arrangement of governor rope attachment is illustrated in figures 2.2. This
shows a rope anchorage bracket (kit SK2) fitted to the crown channels or suspension
members. The bracket also incorporates an auxiliary inertia spring for lift travels above 40
metres.  The bracket permits full movement of the operating arm whilst preventing excess
loads being applied to the operating linkage.

The total travel of the safety gear actuating rod is 44 mm.  The first 30 mm is used to raise
the gibs into contact with the guide rail. The gibs clamp the guide rail during the final 14
mm of travel.  The standard bracket can withstand a governor pull of up to 1200 N.

Other operating arrangements are possible and reference should be made to "Application
and Sales Data" sheets TD1.3.  However, it is important that the safety gear operating
linkage is not subjected to a load greater than 500 Newtons.

Inertia Spring Setting -  Travels above 40 metres

Since 2001, all VG safety gears have been fitted with torsion springs to overcome the
governor system inertia.   One torsion spring is fitted to each end assembly when being
used as a conventional safety gear.  Two torsion springs are fitted when being used as an
“up” brake.   This arrangement provides sufficient inertia force for lift travels up to 40
metres with governor rope diameters of 6 or 8 mm.  An auxiliary inertia spring should only
be required for installations with governor rope diameters above 8 mm and/or lift travels
above 25 metres.

To ensure that the safety gear does not operate during normal lift service, the auxiliary
inertia spring on the rope anchorage assembly must be set correctly.  This should only be
carried out by a competent person.

With the operating rod to the safety gear connected, check whether the operating rod
moves when the lift is started downwards under maintenance control.  If any movement is
detected, increase the compression of the inertia spring using the clamp collar until all
movement is eliminated.

When testing counterweight buffers, it is recommended that the safety gear is
disconnected as lift car bounce may cause spurious operation of the safety gear.



Guide Rail Type

The VG range of safety gears have all been type-tested using class one rails with a super-
brushed finish.  These rails have a lower friction coefficient than standard machined guide
rails, however, the safety gears can be used with rails having a coarser surface finish.
The safety gears are adjustable to enable the braking force to be adjusted on site should
this prove to be necessary.

Note:- Sliding guide shoes running on standard finish guide rails may become polished in
service. This may lower the braking force over time and it is recommended that the
braking force is checked periodically to ensure that there has been no deterioration.

Guide Rail Installation

Guide rails should be designed and installed in accordance with EN81 or equivalent
National Code.  The running surfaces should be free from rust or other contamination
which could effect the braking capacity of the lifts. The joints between adjacent sections
must be checked to ensure that steps are below 0.25 mm.

Guide Rail Lubricant

VG safety gears have been tested using an ISO grade 68, an 80 grade EP gear oil and a
general 15-50 grade engine oil.   Cameron Design is confident that different grades of oil
can be used if these are not available.

Safety gear switch

When the safety gear is engaged, a device mounted on the car shall initiate the stopping
of the motor before or at the moment of safety gear operation.  A suitable switch and
operating cam can be mounted on either end or side of the safety gear end units as
illustrated in figures 2.2.

On-site Testing and Adjustment

The safety gear has been adjusted to suit the load and Governor Tripping Speed
stipulated on the serial label. CE marked safety gears are type tested under “free fall”
conditions to achieve a deceleration rate of 0.6g.  When tested with the counterweight
connected, the deceleration rate will be approximately 15% higher at around 0.73g.
Therefore, to compensate for the braking effect of the counterweight, the test mass should
be at least 15% higher than the rated capacity of the lift.

The fall-back or “bounce” of a counterweight may cause the lift to be jerked upwards after
a safety gear test.  As VG safety gears have a low release force, this may cause the
partial disengagement of the safety gear gibs. This is not a problem provided that the
governor system has not released the safety gear.   Any attempt to drive the lift car down
again will immediately cause the safety gear to re-engage.



The safety gear has been adjusted to suit the load and speed stipulated on the serial label.
The braking force can be adjusted by a competent person in accordance with the data
shown in figure 2.1.

On no account should the gib setting nuts be altered as this may cause the safety
gear to fail.

Routine maintenance

At six monthly intervals, the following checks should be carried out:-

1. The actuating rod should be disconnected and the safety gear operated by hand to
check all moving parts are free and that the safety switch is operating correctly.
The pivot points on the gibs and linkage and the disc springs should be sprayed
with a water repellent lubricant if there is any sign of atmospheric corrosion.

2. Check that the gibs contact both faces of both guide rails when the actuating arm
is raised. -  Adjust linkage rod and guide shoe location in accordance with
installation data if the gibs are not clamping both guide rails correctly.

3. Inspect all pins and gib inserts for signs of corrosion, deformation or fractures and
replace defective parts as required.

Periodic Safety Gear Operation

VG safety gears use a toothed carbide gib which cause localised and controlled grooving
of the guide rail surface.  Extensive development into various types of gib materials has
confirmed that these provide the safest and most consistent braking on smooth guide rails
independent of the type and degree of rail lubricant.

During safety gear operation, the gibs produce 8 parallel grooves approx 0.15 mm deep
by 0.25 mm wide.  These grooves can be smoothed quickly and easily using emery cloth
without impairing the integrity of the guide rail.  VG safety gears have been tested on a
previously used section of guide rail without any loss of braking force.

Extensive type-testing has also confirmed that the wear rate of carbide inserts is much
lower than cast iron or steel gibs.  Each set of inserts should be capable of completing 10
full-load, full-speed safety gear checks before being replaced.   However, the inserts
should be inspected after each safety gear operation to confirm that they are in good
condition.

Upward Acting Brake

VG safety gears have received CE marking for use as a "brake" to prevent uncontrolled
upward movement of the lift car.   When used as a brake, the force required in the up
direction is less that required for the down direction.  Dynamic testing witnessed by British
Standard has confirmed that a setting of 50% in the "up" direction is sufficient to meet the
code requirements.  Consequently, the rated mass (P+Q) of all separate VG safety gears
is doubled when they are used as a “brake” in the up direction.  Settings higher than 50%
are



possible if required to suit the specific installation or customer preference.

The table shown in figure 2.1 show the rated mass for use as a conventional safety gear
and when used as a brake for uncontrolled upward movement.

Site testing of Upward acting Brakes

It is not possible to simulate a complete loss of traction on geared machine lifts with single
or double start worms.  ie the lift will not move when the machine brake is lifted.
Furthermore, dynamic tests must take account of the kinetic energy of the hoist motor and
worm-shaft as these will increase the braking distance.

On geared lifts, the kinetic energy of the high-speed elements can be high
when compared with the well masses.

The following tests were developed in the testing of its bi-directional and combined safety
gears when used a “brake” in the up direction.

1  Static Testing

With an empty car ascending under roof top control, engage the safety gear
(brake) by hand to confirm that it engages correctly.

Note: The "up" brake is set with a force of approx 4 times the OBL.  If the
maximum motor torque is less than 3 times the OBL or there is insufficient
rope traction, the brake may not fully engage.   If the motor stalls or rope
slip is encountered before the brake has fully engaged, this is acceptable.

Conversely, if the lift has a high traction ratio plus a high motor starting
torque, it may be possible to drive the lift car through the brake after it has
fully engaged.  Do not continue to drive the lift car after the brake has fully
engaged.  Remember, the “brake” is not required to stop the traction motor,
only the Out of Balance Load (OBL).

2 Dynamic Testing

It is suggested that dynamic testing is carried out with the electrical safety switch to
the over-speed governor disconnected but the safety switch to the safety gear left
connected.  The lift should be run with the governor rope running in the test groove
so that the safety gear engages below normal contract speed. Power to the hoist
motor and brake will then be disconnected when the brake engages.

It is recommended that the dynamic test is carried out with the machine brake in
circuit so that this will assist in slowing down the kinetic energy of the motor and
wormshaft. When tested in this way, the deceleration rate will be approximately
0.45g.

If the machine brake is held off during the dynamic test, the lift will decelerate at
approximately 0.25g.







VG-2a SAFETY GEAR ACTING IN DOWN DIRECTION
Maximum (P+Q) kg

Dim "Y"  ------------------------------ Governor Tripping Speed ----------------------------------
mm  0.5 m/sec  1 m/sec 1.5 m/sec 2.0 m/sec 2.5 m/sec 3.0 m/sec 3.5 m/sec 4.0 m/sec

0 1160 1077 998 923 852 785 723 662
0.25 1334 1238 1148 1062 980 902 832 761
0.5 1508 1400 1298 1200 1108 1020 940 860

0.75 1682 1562 1448 1338 1236 1138 1048 959
1 1856 1723 1598 1477 1364 1255 1157 1058

1.25 2030 1885 1747 1615 1492 1373 1265 1158
1.5 2204 2046 1897 1754 1619 1491 1374 1257

1.75 2378 2208 2047 1892 1747 1608 1482 1356
2 2552 2369 2197 2031 1875 1726 1591 1455

2.25 2726 2531 2346 2169 2003 1844 1699 1555
2.5 2900 2692 2496 2308 2131 1962 1808 1654

2.75 3074 2854 2646 2446 2259 2079 1916 1753
3 3248 3015 2796 2585 2386 2197 2025 1852

3.25 3422 3177 2945 2723 2514 2315 2133 1952
3.5 3596 3338 3095 2862 2642 2432 2242 2051

3.75 3770 3500 3245 3000 2770 2550 2350 2150

Procedure

1) Select column with same or next highest governor tripping speed
Example if tripping speed is 2.33 m/sec look-up value of (P+Q) in column for 2.5 m/sec

2) Read off setting for Dim "Y" corresponding to the same or next higher value of (P+Q)
Example Dim "Y" for a safety gear with a (P+Q) of 2500kg at 2.33 m/sec will be 3.25 mm
 

VG-2a SAFETY GEAR USED AS AN UPWARD ACTING BRAKE
Maximum (P+Q) kg

Dim "Y"  ------------------------------ Governor Tripping Speed ----------------------------------
mm  0.5 m/sec  1 m/sec 1.5 m/sec 2.0 m/sec 2.5 m/sec 3.0 m/sec 3.5 m/sec 4.0 m/sec

0 2320 2154 1997 1846 1705 1569 1446 1323
0.25 2668 2477 2296 2123 1960 1805 1663 1522
0.5 3016 2800 2596 2400 2216 2040 1880 1720

0.75 3364 3123 2896 2677 2472 2275 2097 1918
1 3712 3446 3195 2954 2727 2511 2314 2117

1.25 4060 3769 3495 3231 2983 2746 2531 2315
1.5 4408 4092 3794 3508 3239 2982 2748 2514

1.75 4756 4415 4094 3785 3494 3217 2965 2712
2 5104 4738 4393 4062 3750 3452 3182 2911

2.25 5452 5062 4693 4338 4006 3688 3398 3109
2.5 5800 5385 4992 4615 4262 3923 3615 3308

2.75 6148 5708 5292 4892 4517 4158 3832 3506
3 6496 6031 5591 5169 4773 4394 4049 3705

3.25 6844 6354 5891 5446 5029 4629 4266 3903
3.5 7192 6677 6190 5723 5284 4865 4483 4102

3.75 7540 7000 6490 6000 5540 5100 4700 4300

The procedure is the same when the safety gear is being used as an upward acting brake.
Example Dim "Y" for a (P+Q) of 5200kg at 1.5 m/sec will be 2.75 mm for upward braking





VG-4 Safety Gear

Mounting and Installation

VG safety gears are designed to be bolted directly to the car frame or buffer channels
using the slotted holes provided and must be supported by the car frame as illustrated in
figure 4.2.  If the distance between the support members is greater than 100 mm then a
support plate must be provided by the car manufacturer.

The lower surface of the safety gear is used for mounting the bottom car guide shoes
using an appropriate adapter plate.  It is permitted to machine additional slots or holes in
the top/bottom plates within 25 mm either side of the centreline of the fixing slots.

1. The mounting and adjustment of the safety gear should be carried out with the
bottom guide shoes removed.  The car balance should first be checked and any
compensation weights added to ensure that the Out-of-balance load (OBL) is
within the rating of the guide shoes.

2. The car frame must be correctly positioned relative to the guide rails in both planes
and blocked to maintain correct location while the safety gear is being fitted.  Each
safety gear end unit should be loosely bolted to the buffer channels or sub-frame
member using 16 mm diameter bolts.

3. Each end assembly must be set square and central to the guide rails in both
planes before tightening the bolts.  This can be done by raising both gibs until they
are in contact with the guide rail before tightening the bolts.  When located
correctly, the gap between the top of the gib and the underside of the top plate is
less than 12mm.  (see figure 4.1)

4. With the gibs in contact with their respective guide rail, fit the guide shoes and
clamp securely in place.  Remove any blocking between sling and guide rail and
release the gibs.

5. The operating arm should be fitted to the governor end and the lever crank fitted to
the remote end as shown in figures 4.2 using the 8 mm screw sets provided.   The
arm can be fitted on either side of the safety gear to suit the location of the
governor.

The connecting rod between the end assemblies should also be fitted. The length
of the rod should be adjusted using the clevis ends so that both sets of gibs
contact their respective guide rails simultaneously when the operating arm is lifted.

IMPORTANT CHECK - All gibs MUST contact the guide rail when the
operating arm is lifted.

When correctly adjusted, the clevis ends should be locked using the nuts provided.

6. The rope anchorage bracket should be fitted to the sling and the operating rod
length adjusted to suit the position of the operating arm.  Check that the gibs are
not being lifted and the complete assembly operates freely before connecting to
the governor rope.



Over-speed Governor

The safety gear is designed to work with over-speed governors of either the drop-jaw type
or friction type.  The minimum force exerted by the governor must be at least twice that
required to engage the safety gear subject to a minimum force of 300 Newtons.  The
mechanical tripping speed of the governor must be set in accordance with the current
issue of EN81: part 1 or the equivalent National Standard.

Governor Rope Attachment

The standard arrangement of governor rope attachment is illustrated in figures 4.2. This
shows a rope anchorage bracket (kit SK2) fitted to the crown channels or suspension
members. The bracket also incorporates an auxiliary inertia spring for lift travels above 40
metres.  The bracket permits full movement of the operating arm whilst preventing excess
loads being applied to the operating linkage.

The total travel of the safety gear actuating rod is 44 mm.  The first 30 mm is used to raise
the gibs into contact with the guide rail. The gibs clamp the guide rail during the final 14
mm of travel.  The standard bracket can withstand a governor pull of up to 1200 N.

Other operating arrangements are possible and reference should be made to "Application
and Sales Data" sheets TD1.3.  However, it is important that the safety gear operating
linkage is not subjected to a load greater than 500 Newtons.

Inertia Spring Setting -  Travels above 40 metres

Since 2001, all VG safety gears have been fitted with torsion springs to overcome the
governor system inertia.   One torsion spring is fitted to each end assembly when being
used as a conventional safety gear.  Two torsion springs are fitted when being used as an
“up” brake.   This arrangement provides sufficient inertia force for lift travels up to 40
metres with governor rope diameters of 6 or 8 mm.  An auxiliary inertia spring should only
be required for installations with governor rope diameters above 8 mm and/or lift travels
above 25 metres.

To ensure that the safety gear does not operate during normal lift service, the auxiliary
inertia spring on the rope anchorage assembly must be set correctly.  This should only be
carried out by a competent person.

With the operating rod to the safety gear connected, check whether the operating rod
moves when the lift is started downwards under maintenance control.  If any movement is
detected, increase the compression of the inertia spring using the clamp collar until all
movement is eliminated.

When testing counterweight buffers, it is recommended that the safety gear is
disconnected as lift car bounce may cause spurious operation of the safety gear.



Guide Rail Type

The VG range of safety gears have all been type-tested using class one rails with a super-
brushed finish.  These rails have a lower friction coefficient than standard machined guide
rails, however, the safety gears can be used with rails having a coarser surface finish.
The safety gears are adjustable to enable the braking force to be adjusted on site should
this prove to be necessary.

Note:- Sliding guide shoes running on standard finish guide rails may become polished in
service. This may lower the braking force over time and it is recommended that the
braking force is checked periodically to ensure that there has been no deterioration.

Guide Rail Installation

Guide rails should be designed and installed in accordance with EN81 or equivalent
National Code.  The running surfaces should be free from rust or other contamination
which could effect the braking capacity of the lifts. The joints between adjacent sections
must be checked to ensure that steps are below 0.25 mm.

Guide Rail Lubricant

VG safety gears have been tested using an ISO grade 68, an 80 grade EP gear oil and a
general 15-50 grade engine oil.   Cameron Design is confident that different grades of oil
can be used if these are not available.

Safety gear switch

When the safety gear is engaged, a device mounted on the car shall initiate the stopping
of the motor before or at the moment of safety gear operation.  A suitable switch and
operating cam can be mounted on either end or side of the safety gear end units as
illustrated in figures 4.2.

On-site Testing and Adjustment

The safety gear has been adjusted to suit the load and Governor Tripping Speed
stipulated on the serial label. CE marked safety gears are type tested under “free fall”
conditions to achieve a deceleration rate of 0.6g.  When tested with the counterweight
connected, the deceleration rate will be approximately 15% higher at around 0.73g.
Therefore, to compensate for the braking effect of the counterweight, the test mass should
be at least 15% higher than the rated capacity of the lift.

The fall-back or “bounce” of a counterweight may cause the lift to be jerked upwards after
a safety gear test.  As VG safety gears have a low release force, this may cause the
partial disengagement of the safety gear gibs. This is not a problem provided that the
governor system has not released the safety gear.   Any attempt to drive the lift car down
again will immediately cause the safety gear to re-engage.



VG safety gears have received CE marking for use as a "brake" to prevent uncontrolled
upward movement of the lift car.   When used as a brake, the force required in the up
direction is less that required for the down direction.  Dynamic testing witnessed by British
Standard has confirmed that a setting of 50% in the "up" direction is sufficient to meet the
code requirements.  Consequently, the rated mass (P+Q) of all separate VG safety gears
is doubled when they are used as a “brake” in the up direction.  Settings higher than 50%
are possible if required to suit the specific installation or customer preference.
The table shown in figure 4.1 show the rated mass for use as a conventional safety gear
and when used as a brake for uncontrolled upward movement.

The braking force of the safety gear can be adjusted by a competent person in
accordance with the data shown in figure 4.1.

On no account should the gib setting nuts be altered as this may cause the safety
gear to fail.

Routine maintenance

At six monthly intervals, the following checks should be carried out:-

1. The actuating rod should be disconnected and the safety gear operated by hand to
check all moving parts are free and that the safety switch is operating correctly.
The pivot points on the gibs and linkage and the disc springs should be sprayed
with a water repellent lubricant if there is any sign of atmospheric corrosion.

2. Check that the gibs contact both faces of both guide rails when the actuating arm
is raised. -  Adjust linkage rod and guide shoe location in accordance with
installation data if the gibs are not clamping both guide rails correctly.

3. Inspect all pins and gib inserts for signs of corrosion, deformation or fractures and
replace defective parts as required.

Periodic Safety Gear Operation

VG safety gears use a toothed carbide gib which cause localised and controlled grooving
of the guide rail surface.  Extensive development into various types of gib materials has
confirmed that these provide the safest and most consistent braking on smooth guide rails
independent of the type and degree of rail lubricant.

During safety gear operation, the gibs produce 8 parallel grooves approx 0.15 mm deep
by 0.25 mm wide.  These grooves can be smoothed quickly and easily using emery cloth
without impairing the integrity of the guide rail.  VG safety gears have been tested on a
previously used section of guide rail without any loss of braking force.

Extensive type-testing has also confirmed that the wear rate of carbide inserts is much
lower than cast iron or steel gibs.  Each set of inserts should be capable of completing 10
full-load, full-speed safety gear checks before being replaced.   However, the inserts
should be inspected after each safety gear operation to confirm that they are in good
condition.

Upward Acting Brake



Site testing of Upward acting Brakes

It is not possible to simulate a complete loss of traction on geared machine lifts with single
or double start worms.  ie the lift will not move when the machine brake is lifted.
Furthermore, dynamic tests must take account of the kinetic energy of the hoist motor and
worm-shaft as these will increase the braking distance.

On geared lifts, the kinetic energy of the high-speed elements can be high
when compared with the well masses.

The following tests were developed in the testing of its bi-directional and combined safety
gears when used a “brake” in the up direction.

1  Static Testing

With an empty car ascending under roof top control, engage the safety gear
(brake) by hand to confirm that it engages correctly.

Note: The "up" brake is set with a force of approx 4 times the OBL.  If the
maximum motor torque is less than 3 times the OBL or there is insufficient
rope traction, the brake may not fully engage.   If the motor stalls or rope
slip is encountered before the brake has fully engaged, this is acceptable.

Conversely, if the lift has a high traction ratio plus a high motor starting
torque, it may be possible to drive the lift car through the brake after it has
fully engaged.  Do not continue to drive the lift car after the brake has fully
engaged.  Remember, the “brake” is not required to stop the traction motor,
only the Out of Balance Load (OBL).

2 Dynamic Testing

It is suggested that dynamic testing is carried out with the electrical safety switch to
the over-speed governor disconnected but the safety switch to the safety gear left
connected.  The lift should be run with the governor rope running in the test groove
so that the safety gear engages below normal contract speed. Power to the hoist
motor and brake will then be disconnected when the brake engages.

It is recommended that the dynamic test is carried out with the machine brake in
circuit so that this will assist in slowing down the kinetic energy of the motor and
wormshaft. When tested in this way, the deceleration rate will be approximately
0.45g.

If the machine brake is held off during the dynamic test, the lift will decelerate at
approximately 0.25g.







VG-4 SAFETY GEAR ACTING IN DOWN DIRECTION
Maximum (P+Q) kg

Dim "Y"  ------------------------------ Governor Tripping Speed ----------------------------------
mm  0.5 m/sec  1 m/sec 1.5 m/sec 2.0 m/sec 2.5 m/sec 3.0 m/sec 3.5 m/sec 4.0 m/sec

0.25 866 825 786 747 709 673 638 604
0.5 945 901 858 815 774 735 697 660

0.75 1025 976 930 884 839 797 755 715
1 1104 1052 1002 953 904 859 814 771

1.25 1184 1128 1074 1021 970 920 872 826
1.5 1264 1204 1146 1090 1035 982 931 882

1.75 1343 1279 1219 1159 1100 1044 990 937
2 1423 1355 1291 1227 1165 1106 1048 993

2.25 1502 1431 1363 1296 1230 1168 1107 1048
2.5 1582 1507 1435 1364 1295 1230 1166 1104

2.75 1661 1583 1507 1433 1361 1291 1224 1159
3 1741 1658 1580 1502 1426 1353 1283 1215

3.25 1820 1734 1652 1570 1491 1415 1341 1270
3.5 1900 1810 1724 1639 1556 1477 1400 1326

Procedure

1) Select column with same or next highest governor tripping speed
Example if tripping speed is 2.33 m/sec look-up value of (P+Q) in column for 2.5 m/sec

2) Read off setting for Dim "Y" corresponding to the same or next higher value of (P+Q)
Example "Dim "Y" for a safety gear with a (P+Q) of 1350kg at 2.33 m/sec will be 2.75 mm
 

VG-4 SAFETY GEAR USED AS AN UPWARD ACTING BRAKE
Maximum (P+Q) kg

Dim "Y"  ------------------------------ Governor Tripping Speed ----------------------------------
mm  0.5 m/sec  1 m/sec 1.5 m/sec 2.0 m/sec 2.5 m/sec 3.0 m/sec 3.5 m/sec 4.0 m/sec

0.25 1731 1649 1571 1494 1418 1346 1276 1208
0.5 1891 1801 1715 1631 1548 1470 1393 1319

0.75 2050 1953 1860 1768 1679 1593 1510 1430
1 2209 2104 2004 1905 1809 1717 1628 1542

1.25 2368 2256 2149 2043 1939 1841 1745 1653
1.5 2527 2407 2293 2180 2070 1964 1862 1764

1.75 2686 2559 2437 2317 2200 2088 1979 1875
2 2845 2711 2582 2454 2330 2212 2097 1986

2.25 3004 2862 2726 2592 2460 2336 2214 2097
2.5 3164 3014 2870 2729 2591 2459 2331 2208

2.75 3323 3165 3015 2866 2721 2583 2448 2319
3 3482 3317 3159 3003 2851 2707 2566 2430

3.25 3641 3468 3304 3141 2982 2830 2683 2541
3.5 3800 3620 3448 3278 3112 2954 2800 2652

The procedure is the same when the safety gear is being used as an upward acting brake.

Example Dim "Y" for a (P+Q) of 3250kg at 1.5 m/sec will be 3.25 mm for upward braking





VG-5 Safety Gear

Introduction

The VG-5 is a "bi-directional" safety gear -  This combines two independent braking
elements within a common housing.  This produces a more compact and cost effective
option than 2 separate safety gears.  Normally a bi-directional unit would be fitted below
the lift car but it can be mounted on the crown channels if required.  However, the crown
channels flanges will need to be strengthened.  (please consult Cameron Design)

The VG-5 bi-directional safety gear has been designed with a braking force in the “up”
direction one half that in the “down” direction as standard.  This is achieved by having
double springs in the down direction and single springs in the up direction.
Consequently, VG-5 safety gears are adjusted with the same “Y” setting (see figure 5.1)
for both up and down spring stacks.

Over-speed Governor

The safety gear can be operated by either the drop-jaw type or friction type over-speed
governors.  The minimum force exerted by the governor must be at least twice that
required to engage the safety gear subject to a minimum force of 300 Newtons.  The
force needed to engage a pair of VG-5 safety gears, with integral inertia springs fitted, is
100N in both directions.

The mechanical tripping speed of the governor must be set in accordance with the
current issue of EN81: part 1 or the equivalent National Standard.

Governor System Requirements

The schematic layout of friction type governor roping system is illustrated in Figure
TD1.9.  This shows an over-speed governor, governor rope and tension weight and
lockdown mechanism.

When this arrangement is used, the force generated in the "up direction will be
considerably less than the force available in the "down" direction.  Governor rope tension
weights may need to be increased to ensure that force generated complies with EN81.

During "upward" operation, there may be a tendency for the governor rope tension
weight to lift.  Should this occur then the governor rope may loose tension and the safety
gear not operate correctly.  This can be prevented by fitting a “lockdown” device such as
kit SK8 which incorporates a means of compensating for governor rope stretch.

Mounting and Installation

The mounting of the VG-5 is similar "standard" downward acting safety gears.  All VG
safety gears are designed to be bolted directly to the car sub-frame or buffer channels
using the slotted holes provided.



The safety gear must be supported by the car frame as illustrated.  If the distance
between the supporting frame is greater than 175 mm, then an additional support plate
must be provided.   The lower surface of the safety gear is used for mounting the bottom
car guide shoes using an appropriate adapter plate.  It is permitted to machine additional
slots or holes in the top/bottom plates within 25 mm either side of the centreline of the
fixing slots.

1. The actuating arms and cranks should be fitted to the governor end and the lever
cranks fitted to the remote end as shown in figures TD1.7.  The attachment of the
actuating arm to the cranks has a slotted hole for later adjustment.  The arm can
be fitted on either side of the safety gear to suit the location of the governor.

2. The mounting and adjustment of the safety gear should be carried out with the
bottom guide shoes removed.  The car balance should first be checked and any
compensation weights added to ensure that the Out-of-balance load (OBL) is
within the rating of the guide shoes.

3. The car frame must be correctly positioned relative to the guide rails in both
planes and blocked to maintain correct location while the safety gear is being
fitted.  Each safety gear end unit should be loosely bolted to the buffer channels
or sub-frame member using 16 mm diameter bolts.

4. Each end assembly must be set square and central to the guide rails in both
planes before tightening the bolts.  This is done by lifting both sets of gibs for the
"down" acting safety gear and checking that these contact with the guide rail
before tightening the bolts.  After tightening check that the gap between the top
of the gib and the underside of the plate is within 12 mm when both gibs contact
the guide rail.

5. With the gibs in contact with their respective guide rail, fit the guide shoes and
clamp securely in place.  Remove any blocking between sling and guide rail and
release the gibs.

6. Fit the connecting rods to both "up" and "down" actuating arms and their
respective end assemblies using the M12 clevis rods end provided.   See figure
5.1. The length of the rods should be adjusted so that both sets of gibs contact
their respective guide rails simultaneously when their respective actuating arm is
operated.

IMPORTANT CHECK - Check both "up" and "down" braking mechanisms
independently.

All gibs in the MUST contact the guide rail when the operating arm for the
"up" direction is lifted.   Similarly all gibs must contact the guide rail when
the "down" actuating arm is operated.

7. The actuating linkage should now be fitted to actuating arms and adjusted to
ensure that the gib inserts are fully disengaged. (ie resting on the safety gear
frame).  This is done by adjusting the M10 screws between the actuating arm
and the cranked arm.  Check that the gibs are not being lifted and the complete
assembly operates freely before connecting to the governor rope.



Inertia Spring

The total travel of the link plate needed to fully engage the safety gear is 44 mm.   The
first 30 mm of the travel is used to raise or lower the gibs into contact with the guide rail.
The gibs contact and clamp the guide rail during the final 14 mm of travel.
The VG-5 has been fitted with integral inertia springs – 2 on the “up” brake section and 1
on the “down” safety gear section.  This has been done to compensate for the
gravitational effect of the gripping jaws.  These will provide sufficient force to accelerate
a governor rope system up to 40 metres high at 2.5 m/sec2 acceleration.  Additional
inertia springs using standard kits SK3 can be fitted to the safety gear if required.

When testing counterweight buffers, it is recommended that the safety gear
is disconnected as lift car bounce may cause spurious operation of the
safety gear.

Guide Rail Type

VG safety gears have all been type-tested using class one rails with a super-brushed
finish. These rails have a lower friction coefficient than standard machined guide rails,
however, the safety gears can be used with rails having a coarser surface finish.  The
safety gears are adjustable to enable the braking force to be adjusted on site should this
prove to be necessary.

Note:- Sliding guide shoes running on standard finish guide rails may become polished
in service. This may lower the braking force over time and it is recommended that the
braking force is checked periodically to ensure that there has been no deterioration.

Guide Rail Installation

Guide rails should be designed and installed in accordance with EN81 or equivalent
National Code.  The running surfaces should be free from rust or other contamination
which could effect the braking capacity of the lifts. The joints between adjacent sections
must be checked to ensure that steps are below 0.25 mm.

Guide Rail Lubricant

VG safety gears have been tested using an ISO grade 68, an 80 grade EP gear oil and a
general 15-50 grade engine oil.   Cameron Design is confident that different grade of oils
can be used if these are not available.

Safety gear switch

When the safety gear is engaged, a device mounted on the car shall initiate the stopping
of the motor before or at the moment of safety gear operation.  A suitable switch and
operating cam can be mounted on either end or side of the safety gear end units.



On-site Testing and Adjustment

The safety gear has been adjusted to suit the load and Governor Tripping Speed
stipulated on the serial label. CE marked safety gears are type tested under “free fall”
conditions to achieve a deceleration rate of 0.6g.  When tested with the counterweight
connected, the deceleration rate will be approximately 15% higher at around 0.73g.
Therefore, to compensate for the braking effect of the counterweight, the test mass should
be at least 15% higher than the rated capacity of the lift.

The fall-back or “bounce” of a counterweight may cause the lift to be jerked upwards after
a safety gear test.  As VG safety gears have a low release force, this may cause the
partial disengagement of the safety gear gibs. This is not a problem provided that the
governor system has not released the safety gear.   Any attempt to drive the lift car down
again will immediately cause the safety gear to re-engage.

The safety gear has been adjusted to suit the load and speed stipulated on the serial
label. If testing indicates that the safety gear requires adjusting on-site, this should only
be done by a competent person in accordance with the instructions given in figure 5.1.

On no account should the gib setting nuts be altered as this may cause the safety
gear to fail to operate correctly.

Routine maintenance

At six monthly intervals, the following checks should be carried out:-

1. The actuating rod should be disconnected and the safety gear operated by hand
to check all moving parts are free and that the safety switch is operating
correctly.  The pivot points on the gibs and linkage and the disc springs should
be sprayed with a water repellent lubricant if there is any sign of atmospheric
corrosion.

2. Check that the gibs contact both faces of both guide rails when the actuating arm
is raised. -  Adjust linkage rod and guide shoe location in accordance with
installation data if the gibs are not clamping both guide rails correctly.

3. Inspect all pins and gib inserts for signs of corrosion, deformation or fractures
and replace defective parts as required.

Periodic Safety Gear Operation

VG safety gears use a toothed carbide gib which cause localised and controlled
grooving of the guide rail surface. During safety gear operation, the gibs produce 8
parallel grooves approx 0.15 mm deep by 0.25 mm wide.  These grooves can be
smoothed quickly and easily using emery cloth without impairing the integrity of the
guide rail.

VG safety gears have been tested on a previously used section of guide rail without any
loss of braking force.  Each set of inserts should be capable of completing a minimum of
10 full-load, full-speed safety gear operations before being replaced.   However, the
inserts should be inspected after each safety gear operation to confirm that they are in
good condition.



Site testing of Upward acting Brakes

It is not possible to simulate a complete loss of traction on geared machine lifts with
single or double start worms.  ie the lift will not move when the machine brake is lifted.
Furthermore, the brake will have to decelerate the kinetic energy of the motor and
gearbox in addition to the car and counterweight masses.

On geared lifts, the kinetic energy of the high speed elements can be high when
compared with the well masses.  A dynamic test which requires the car brake to
decelerate the high speed elements will generate longer slide distances than would be
experienced in practice.

The following tests were developed in the testing of its bi-directional and combined
safety gears.

1  Static Testing

With an empty car under roof top control, engage the safety gear by hand to
confirm that it engages correctly.

Note: As the "up" brake is set with a force of between 3 to 4 times the OBL,
there may be insufficient motor torque and traction available to fully
engage the brake.  Alternatively, if the lift has a high traction ratio plus a
high motor starting torque, it may be possible to drive the lift car through
the car brake once it has fully engaged.  Do not continue to run the motor
once the brake has fully engaged.

2 Dynamic Testing

It is suggested that dynamic testing is carried out with the electrical safety switch
to the over-speed governor disconnected but the safety switch to the safety gear
left connected.  The lift should be run with the governor rope running in the test
groove so that the safety gear engages below normal contract speed. Power to
the hoist motor and brake will then be disconnected when the safety gear
engages.

It is recommended that the dynamic test is carried out with the machine brake in
circuit so that this will assist in slowing down the kinetic energy of the motor and
wormshaft. When tested in this way, the deceleration rate will be approximately
0.45g.  If the machine brake is held off during the dynamic test, the lift will
decelerate at approximately 0.25g.







VG-5 BI-DIRECTIONAL SAFETY GEAR 
Maximum (P+Q) kg

Dim "Y"  ------------------------------ Governor Tripping Speed ----------------------------------
mm  0.5 m/sec  1 m/sec 1.5 m/sec 2.0 m/sec 2.5 m/sec 3.0 m/sec 3.5 m/sec 4.0 m/sec

0.75 1131 1069 1009 953 898 844 796 747
1 1225 1158 1093 1033 973 915 862 809

1.25 1320 1247 1177 1112 1047 985 928 871
1.5 1414 1336 1261 1192 1122 1056 994 933

1.75 1508 1425 1345 1271 1197 1126 1061 996
2 1602 1514 1429 1351 1272 1196 1127 1058

2.25 1697 1603 1513 1430 1347 1267 1193 1120
2.5 1791 1692 1597 1509 1421 1337 1260 1182

2.75 1885 1781 1681 1589 1496 1407 1326 1244
3 1979 1871 1766 1668 1571 1478 1392 1307

3.25 2074 1960 1850 1748 1646 1548 1459 1369
3.5 2168 2049 1934 1827 1721 1619 1525 1431

3.75 2262 2138 2018 1907 1796 1689 1591 1493
4 2356 2227 2102 1986 1870 1759 1657 1556

4.25 2451 2316 2186 2066 1945 1830 1724 1618
4.5 2545 2405 2270 2145 2020 1900 1790 1680

Procedure

1) Select column with same or next highest governor tripping speed
Example if tripping speed is 2.33 m/sec look-up value of (P+Q) in column for 2.5 m/sec

2) Read off setting for Dim "Y" corresponding to the same or next higher value of (P+Q)
Example Dim "Y" for a safety gear with a (P+Q) of 2000kg at 1.50 m/sec will be 3.75 mm





VG-6 Safety Gear

Mounting and Installation

VG safety gears are designed to be bolted directly to the car sub-frame or buffer channels
using the slotted holes provided. The frame is designed to be supported by the car frame
as illustrated in figure 6.2.  If the distance between the sling members is greater than 100
mm then a support plate must be provided by the car manufacturer.

The lower surface of the safety gear is used for mounting the bottom car guide shoes
using an appropriate adaptor plate.  It is permitted to machine additional slots or holes in
the top/bottom plates within 25 mm either side of the centreline of the fixing slots.

1. The mounting and adjustment of the safety gear should be carried out with the
bottom guide shoes removed.  The car balance should first be checked and any
compensation weights added to ensure that the Out-of-balance load (OBL) is
within the rating of the guide shoes.

2. The car frame must be correctly positioned relative to the guide rails in both planes
and blocked to maintain correct location while the safety gear is being fitted.  Each
safety gear end unit should be loosely bolted to the buffer channels or sub-frame
member using 16 mm diameter bolts.

3. Each end assembly should be set square and central to the guide rails in both
planes before tightening the bolts.  This is done by raising both gibs until these are
in contact with the guide rail before tightening the bolts and checking that the gap
between the top of the gib and the underside of the plate is within the range
specified in the safety gear data sheet.

4. With the gibs in contact with their respective guide rail, fit the guide shoes and
clamp securely in place.  Remove any blocking between sling and guide rail and
release the gibs.

5. The operating arm should be fitted to the governor end and the lever crank fitted to
the remote end as shown in figures 6.2 using the 8 mm screw sets provided.   The
arm can be fitted on either side of the safety gear to suit the location of the
governor.

The connecting rod between the end assemblies should also be fitted. The length
of the rod should be adjusted using the clevis ends so that both sets of gibs
contact their respective guide rails simultaneously when the operating arm is lifted.

IMPORTANT CHECK - All gibs MUST contact the guide rail when the
operating arm is lifted.

When correctly adjusted, the clevis ends should be locked using the nuts provided.

6. The rope anchorage bracket should be fitted to the sling and the operating rod
length adjusted to suit the position of the operating arm.  Check that the gibs are
not being lifted and the complete assembly operates freely before connecting to
the governor rope.



Over-speed Governor

The safety gear is designed to work with over-speed governors of either the drop-jaw type
or friction type.  The minimum force exerted by the governor must be at least twice that
required to engage the safety gear subject to a minimum force of 300 Newtons.  The
mechanical tripping speed of the governor must be set in accordance with the current
issue of EN81: part 1 or the equivalent National Standard.

Governor Rope Attachment

The preferred method of governor rope attachment is illustrated in figures 6.2. This shows
a rope anchorage bracket fitted to the crown channels or suspension members which
incorporates an inertia spring and rope clamps to suit a 6-8 mm/////////* diameter governor
rope.  This device has been designed to allow full movement of the operating arm whilst
preventing excess loads being applied to the operating linkage.  The standard bracket can
withstand a governor pull of up to 1200 N.

Other operating arrangements are possible and reference should be made to "Application
and Sales Data" sheets TD1.3.  However, it is important that the safety gear operating
linkage is not subjected to a load greater than 500 Newtons.

Other operating arrangements are possible and reference should be made to "Application
and Sales Data" sheets TD1.3.  However, it is important that the safety gear operating
linkage is not subjected to a load greater than 500 Newtons.

Inertia Spring Setting

Since 2001, all VG safety gears have been fitted with torsion springs to overcome the
governor system inertia.   One torsion spring is fitted to each end assembly when being
used as a conventional safety gear.  Two torsion springs are fitted when being used as an
“up” brake.   This arrangement provides sufficient inertia force for lift travels up to 40
metres with governor rope diameters of 6 or 8 mm.  An auxiliary inertia spring should only
be required for installations with governor rope diameters above 8 mm and/or lift travels
above 25 metres.

To ensure that the safety gear does not operate during normal lift service, the auxiliary
inertia spring on the rope anchorage assembly must be set correctly.  This should only be
carried out by a competent person.

With the operating rod to the safety gear connected, check whether the operating rod
moves when the lift is started downwards under maintenance control.  If any movement is
detected, increase the compression of the inertia spring using the clamp collar until all
movement is eliminated.

When testing counterweight buffers, it is recommended that the safety gear
is disconnected as lift car bounce may cause spurious operation of the safety gear.



Guide Rail Type

The VG range of safety gears have all been type-tested using class one rails with a super-
brushed finish.  These rails have a lower friction coefficient than standard machined guide
rails, however, the safety gears can be used with rails having a coarser surface finish.
The safety gears are adjustable to enable the braking force to be adjusted on site should
this prove to be necessary.

Note:- Sliding guide shoes running on standard finish guide rails may become polished in
service. This may lower the braking force over time and it is recommended that the
braking force is checked periodically to ensure that there has been no deterioration.

Guide Rail Installation

Guide rails should be designed and installed in accordance with EN81 or equivalent
National Code.  The running surfaces should be free from rust or other contamination
which could effect the braking capacity of the lifts. The joints between adjacent sections
must be checked to ensure that steps are below 0.25 mm.

Guide Rail Lubricant

VG safety gears have been tested using an ISO grade 68, an 80 grade EP gear oil and a
general 15-50 grade engine oil.  Cameron Design is confident that oils of different grades
can be used if these are not available.

Safety gear switch

When the safety gear is engaged, a device mounted on the car shall initiate the stopping
of the motor before or at the moment of safety gear operation.  A suitable switch and
operating cam can be mounted on either end or side of the safety gear end units as
illustrated in figure 6.2.

On-site Testing and Adjustment

The safety gear has been adjusted to suit the load and Governor Tripping Speed
stipulated on the serial label. CE marked safety gears are type tested under “free fall”
conditions to achieve a deceleration rate of 0.6g.  When tested with the counterweight
connected, the deceleration rate will be approximately 15% higher at around 0.73g.
Therefore, to compensate for the braking effect of the counterweight, the test mass should
be at least 15% higher than the rated capacity of the lift.

The fall-back or “bounce” of a counterweight may cause the lift to be jerked upwards after
a safety gear test.  As VG safety gears have a low release force, this may cause the
partial disengagement of the safety gear gibs. This is not a problem provided that the
governor system has not released the safety gear.   Any attempt to drive the lift car down
again will immediately cause the safety gear to re-engage.
The braking force can be adjusted by a competent person in accordance with the data
shown in figure 6.1.

On no account should the gib setting nuts be altered as this may cause the
safety gear to fail.



Routine maintenance

At six monthly intervals, the following checks should be carried out:-

1. The actuating rod should be disconnected and the safety gear operated by hand to
check all moving parts are free and that the safety switch is operating correctly.
The pivot points on the gibs and linkage and the disc springs should be sprayed
with a water repellent lubricant if there is any sign of atmospheric corrosion.

2. Check that the gibs contact both faces of both guide rails when the actuating arm
is raised. -  Adjust linkage rod and guide shoe location in accordance with
installation data if the gibs are not clamping both guide rails correctly.

3. Inspect all pins and gib inserts for signs of corrosion, deformation or fractures and
replace defective parts as required.

Periodic Safety Gear Operation

VG safety gears use a toothed carbide gib which cause localised and controlled grooving
of the guide rail surface.  Extensive development into various types of gib materials has
confirmed that these provide the safest and most consistent braking on smooth guide rails
independent of the type and degree of rail lubricant.

During safety gear operation, the gibs produce 8 parallel grooves approx 0.15 mm deep
by 0.25 mm wide.  These grooves can be smoothed quickly and easily using emery cloth
without impairing the integrity of the guide rail.  VG safety gears have been tested on a
previously used section of guide rail without any loss of braking force.

Extensive type-testing has also confirmed that the wear rate of carbide inserts is much
lower than cast iron or steel gibs.  Each set of inserts should be capable of completing 10
full-load, full-speed safety gear checks before being replaced.   However, the inserts
should be inspected after each safety gear operation to confirm that they are in good
condition.

Upward Acting Brake

VG safety gears have received CE marking for use as a "brake" to prevent uncontrolled
upward movement of the lift car.   When used as a brake, the force required in the up
direction is less that required for the down direction.  Dynamic testing witnessed by British
Standard has  confirmed that a setting of 50% in the "up" direction is sufficient to meet the
code requirements.  Consequently, the rated mass (P+Q) of all separate VG safety gears
is doubled when these are used as a brake in the up direction.  Settings higher than 50%
are possible if required to suit the specific installation or customer preference.

The tables shown in figure 6.1 show the rated mass for use as a conventional safety gear
and when used as a brake for uncontrolled upward movement.



Site testing of Upward acting Brakes

It is not possible to simulate a complete loss of traction on geared machine lifts with single
or double start worms.  ie the lift will not move when the machine brake is lifted.
Furthermore, dynamic tests must take account of the kinetic energy of the hoist motor and
worm-shaft as these will increase the braking distance.

On geared lifts, the kinetic energy of the high-speed elements can be high
when compared with the well masses.

The following tests were developed in the testing of its bi-directional and combined safety
gears when used a “brake” in the up direction.

1  Static Testing

With an empty car ascending under roof top control, engage the safety gear
(brake) by hand to confirm that it engages correctly.

Note: The "up" brake is set with a force of approx 4 times the OBL.  If the
maximum motor torque is less than 3 times the OBL or there is insufficient
rope traction, the brake may not fully engage.   If the motor stalls or rope
slip is encountered before the brake has fully engaged, this is acceptable.

Conversely, if the lift has a high traction ratio plus a high motor starting
torque, it may be possible to drive the lift car through the brake after it has
fully engaged.  Do not continue to drive the lift car after the brake has fully
engaged.  Remember, the “brake” is not required to stop the traction motor,
only the Out of Balance Load (OBL).

2 Dynamic Testing

It is suggested that dynamic testing is carried out with the electrical safety switch to
the over-speed governor disconnected but the safety switch to the safety gear left
connected.  The lift should be run with the governor rope running in the test groove
so that the safety gear engages below normal contract speed. Power to the hoist
motor and brake will then be disconnected when the brake engages.

It is recommended that the dynamic test is carried out with the machine brake in
circuit so that this will assist in slowing down the kinetic energy of the motor and
wormshaft. When tested in this way, the deceleration rate will be approximately
0.45g.

If the machine brake is held off during the dynamic test, the lift will decelerate at
approximately 0.25g.







VG-6 SAFETY GEAR ACTING IN DOWN DIRECTION
Maximum (P+Q) kg

Dim "Y"  ------------------------------ Governor Tripping Speed ----------------------------------
mm  0.5 m/sec  1 m/sec 1.5 m/sec 2.0 m/sec 2.5 m/sec 3.0 m/sec 3.5 m/sec 4.0 m/sec

0.75 2607 2427 2256 2094 1942 1798 1663 1533
1 2820 2625 2440 2265 2100 1945 1799 1658

1.25 3033 2823 2625 2436 2259 2091 1935 1783
1.5 3245 3022 2809 2608 2417 2238 2070 1908

1.75 3458 3220 2993 2779 2576 2385 2206 2033
2 3671 3418 3177 2950 2734 2532 2342 2158

2.25 3884 3616 3362 3121 2893 2679 2478 2284
2.5 4097 3814 3546 3292 3052 2825 2614 2409

2.75 4310 4013 3730 3463 3210 2972 2749 2534
3 4523 4211 3914 3634 3369 3119 2885 2659

3.25 4736 4409 4099 3805 3527 3266 3021 2784
3.5 4948 4607 4283 3976 3686 3413 3157 2909

3.75 5161 4805 4467 4147 3844 3560 3293 3035
4 5374 5004 4651 4318 4003 3706 3428 3160

4.25 5587 5202 4836 4489 4161 3853 3564 3285
4.5 5800 5400 5020 4660 4320 4000 3700 3410

Procedure

1) Select column with same or next highest governor tripping speed
Example if tripping speed is 2.63 m/sec look-up value of (P+Q) in column for 3.0 m/sec

2) Read off setting for Dim "Y" corresponding to the same or next higher value of (P+Q)
Example Dim "Y" for a safety gear with a (P+Q) of 4000kg at 2.63 m/sec will be 4.5 mm
 

VG-6 SAFETY GEAR USED AS AN UPWARD ACTING BRAKE
Maximum (P+Q) kg

Dim "Y"  ------------------------------ Governor Tripping Speed ----------------------------------
mm  0.5 m/sec  1 m/sec 1.5 m/sec 2.0 m/sec 2.5 m/sec 3.0 m/sec 3.5 m/sec 4.0 m/sec

0.75 5213 4854 4512 4189 3883 3596 3326 3065
1 5639 5250 4881 4531 4200 3889 3597 3315

1.25 6065 5647 5249 4873 4517 4183 3869 3566
1.5 6491 6043 5618 5215 4835 4476 4141 3816

1.75 6917 6440 5986 5557 5152 4770 4412 4066
2 7342 6836 6355 5899 5469 5064 4684 4317

2.25 7768 7232 6723 6241 5786 5357 4956 4567
2.5 8194 7629 7092 6583 6103 5651 5227 4817

2.75 8620 8025 7460 6925 6420 5945 5499 5068
3 9045 8422 7829 7268 6737 6238 5770 5318

3.25 9471 8818 8197 7610 7054 6532 6042 5568
3.5 9897 9214 8566 7952 7372 6825 6314 5819

3.75 10323 9611 8934 8294 7689 7119 6585 6069
4 10748 10007 9303 8636 8006 7413 6857 6319

4.25 11174 10404 9671 8978 8323 7706 7128 6570
4.5 11600 10800 10040 9320 8640 8000 7400 6820

The procedure is the same when the safety gear is being used as an upward acting brake.
Example Dim "Y" for a (P+Q) of 8500kg at 1.5 m/sec will be 3.5 mm for upward braking
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