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Purpose of experiment:

The stability tests that are described below are performed according to and with compliance with 2
standards, namely NSF49:2002 (19 March) and UL 61010A-1 2002 (April 30).

These tests have been designed to mainly ensure that the biosafety cabinet is safe for the operator to be
used in terms of rigidity, structural integrity and stability. These tests ensure that the cabinet does not
overbalance/overturn/tip/deflect/distort in case of an accident which may result in endangering the
operator or damaging the cabinet. NSF49 states that the tests (*)' demonstrate the structural integrity and
stability of a biosafety cabinet through a series of tests and standards. The cabinet (**) shall be designed
and constructed to resist overturning and distortion under applied forces, resist deflection of the work
surfaces under load, and resist tipping under workload. UL 61010A-1 on the other hand exhibits the same

safety features and requirements except that the tests and the standards/acceptance are different.

Experiment Method and Equipment Details:

All the mechanical instruments and other apparatus used are described as followed:

1. Digital Force Gage (Ametek Chatillon)
Accuracy: +/- 0.15% full scale; 1 s f Scale: 0 - 5000 N Resolution: 0.1 kg
Model Number: DFIS500  Serial Number: B40551 Calibration date: 19 May 04
2. Angle meter (Starrett)
Accuracy: - Scale:0°to 90 ° Resolution: 0.5 °
Model Number: RS492-005  Serial Number: - Calibration date: 17 May 04

3. Dial Micrometer (*2) (RS Components)

! (*) NSF/ANSI 49 — 2002 © NSF 2002 for Class Il (laminar flow) biosafety cabinetry. Refer to A.8.1

(**) NSF/ANSI 49 — 2002 © NSF 2002 for Class Il (laminar flow) biosafety cabinetry. Refer to 6.8
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Model Number: 248-9102 Scale: 0 to 50 mm Resolution: 0.01 mm

Serial Number: 562144/ 179735 Calibration date: 12 Jan 04
4. Weights (Generic)

10 x 10 kg weights

1 x 20 kg weight

1 x 2 kg weight

1 x 1 kg weight

Calibration Date: 14 September 04

ol

. Car Jack

»

. 1 x Metal Bucket
7. 1 x Wire Rope (with clamps)

8. 1x 10" x 10" Wooden Board + Wooden wedges (Shims)

©

. Tripod

10. Special Mount (for Digital Force Gage)

All tests are performed with the cabinet(s) mounted on its/their own support stand, set at its maximum

rated height (in this case, 34.5 inches)

Procedure:
All the tests that are going to be described below have been tested and performed on the 4 - 6 feet LA2

cabinet - for NSF and 3 - 6 feet LA2 - for UL.?

Section 5.12 of the NSF/ANSI 49 — 2002 states that: “Cabinets shall stand on the floor or bench
top in a stable and secure manner and not tip or fall when tested in accordance with annex A, section
A.8." This is the main concept and target of the stability testing. To ensure the previous statements, the

following tests are performed:

2 Note: The UL stability tests have been performed on the 3 feet LA2 cabinet only. According to the UL standards,
any cabinet needs only to be type-tested. Thus, if the worst case (3 feet) passes, then all of them (3 — 6 feet) pass.
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— resistance to overturning under applied forces (refer to UL 3101-1) cited in 6.8.1 of this Standard;
— resistance to distortion under applied forces;
— resistance to deflection of work surfaces under load; and
— stability with respect to tipping under load.
Tests are performed by applying static force loads, as described afterwards, and measuring the

distortion or deflection, tilting within the cabinet and/or overturning of the cabinet.

NSF Stability tests

Purpose of NSF stability testing:

1. Resistance to overturning
This test demonstrates the structural stability of a biohazard cabinet for resistance to overturning under
applied forces.

2. Resistance to distortion under applied forces (SIDE) test
This test demonstrates the structural stability of a biohazard cabinet for resistance to side-to-side
distortion under an applied force

3. Resistance to distortion under applied forces (REAR) test
This test demonstrates the structural stability of a biohazard cabinet for resistance to rear-to-front
distortion under an applied force

4. Resistance to deflection of work surface under load
This test demonstrates the structural stability of a biohazard cabinet for resistance to deflection of the
work surface under load.

5. Resistance to tipping under load (applicable only to free standing devices with work

surfaces)

This test demonstrates the structural stability of a biohazard cabinet for resistance to tipping (applicable

only to free standing devices with work surfaces)
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1. Resistance to overturning

Method

1. Attach the angle meter to the side of the cabinet to view the angle of tilt of the cabinet

2. Tilt cabinet 10° from horizontal by means of either the car jack or manual force;

3. Thettilting is done 4 times, each time in one of the possible 4 horizontal directions

(Note: A fork lift was used to lift the cabinet until the 10°tilt angle was reached. Additional people are
required to help support the cabinet in the opposite direction in case the cabinet topples over. Thereafter
it is observed whether the cabinet topples over or not. An additional person should be present to observe

the angle of tilt)

Acceptance

The cabinet shall not initiate overturn or shall not overbalance when tilted 10° from the horizontal.

Figure 1 showing 10° Inclination test from the front
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Figure 2 showing 10° Inclination

test from the back

Figure 3 showing 10°
Inclination test from the side
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2.& 3. Resistance to distortion under applied forces (Side and Rear Test)

Method

a) Bolt device securely to firm base or floor to prevent overturning and lateral movement;

b) Using the force gauge attached at the end to the car jack, crank the car jack until a “250 Ib” reading is
obtained. This indicates that the required force of 250 Ib has been applied at the desired position. Perform
the test at top rear and one top side edge. Measure the forward deflection of top front edge and opposite
top side edge with dial micrometer;

c) Report deflection;

d) The test is performed twice, once at the side and once at the rear of the cabinet.

Note: The bolted edge of the cabinet will tend to lift off the floor causing lift which will affect the final
result. If any lift is recorded, it is best to minimize/eliminate the latter to the greatest extent.

1. Take note of the value of this lift by taking the reading on the dial micrometer (on the bracket at the
bottom of the cabinet)

2. Shim (wedge) metal plates in this gap such that there is no longer an unsupported opening

3. Set the reading of the force gauge back to zero and repeat from Steps b) onwards until lift is reduced to
a maximum.

Note: If no lift was detected, the value obtained is the true distortion. If a lift => 0.025 mm (0.001 in) was
detected, the top side (or front for the other test) edge movement contributed by the lift must be deducted

from the value obtained. The true cabinet distortion is obtained using the following equations

SIDE: D=x- m Where D = Truedistortion in cm
' I X = Top side edge movement in cm
y = Bottom edge lift incm
(yh) h = Cabinet height in cm
REAR: D=x--—+——= | = Cabinet length in cm
w w = Cabinet width in cm
Acceptance:

The top front edge and the top of the sides shall not move forward more than 0.08 in (0.2 cm) from static
position when a 250 Ib (110 kg) lateral force is applied to the top rear edge and top of the opposite side,

respectively.
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The 2 previous Figures (4 & 5) show the Resistance to Distortion

(Side) Test with the force gage at the back
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Figure 6 shows the dial micrometer placed at the middle top front

4. Resistance to deflection of work surface under load

Method

a) The deflection was measured directly from the work surface itself from the difference between the
original value and the value when the weight was applied and after the weight was removed. A dial

micrometer was used, measuring the movement of the middle of the leading front part/edge of the work

surface.
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b) The initial deflection is measured.

c) Place the 50 Ib (23 kg) test load at the center of the work surface, distributed over an area 10 x

10 in (25 x 25 cm). Remove the test load and measure the final deflection.

d) The test was repeated 4 times and the permanent deflection was obtained by calculating the average

of the results obtained.

Acceptance
There shall be no permanent deflection of the work surface after applying and removing the 50 Ib (23 kg)

test load.

5. Resistance to tipping under load (applicable only to free standing devices with work surfaces)

Method

a) The armrest is removed from the cabinet;

b) Tighten securely the C-clamp at the centre of the front nose of the cabinet with the clamp being
clamped at the foremost position. This position coincides with where the armrest would have been and
also denotes the horizontal surface of the cabinet which provides the maximum moment if a downward
force is applied to it;

c) Suspend the metal bucket from the front centre of the work surface using the wire rope, through the C-
clamp (the latter will be supporting it);

d) Place 9 x 10 kg weights, a 20 kg weights and a 2 + 1 kg weight into the bucket (such that a total of 113
kg of weights is in the bucket, simulating a load of 250 Ib or 113 kg);

e) While the bucket is being loaded, support its weight by placing it on a platform on castors. When it is

loaded, remove the platform

Acceptance
The rear bottom of the cabinet shall not lift off the floor more than 0.08 in (0.20 cm) when a 250 Ib (113

kg) test load is applied.
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Results of NSF tests for 4 and 6 feet Labculture® Class Il Type A2 Cabinets

Results

Acceptance

4 feet LA2

PASS

6 feet LA2

PASS

Resistance to overturning

No Overturning

No Overturning

No Overturning

Resistance to distortion under
applied forces (SIDE) test

0.160 cm

0.132cm

0.031cm

Resistance to distortion under
applied forces (REAR) test

0.160 cm

0.141 cm

0.043 cm

Resistance to deflection of work
surface under load

No Deflection

0.0008 cm » 0

0.0028 cm » 0

Resistance to tipping under load

0.160 cm

0.003 cm

0.0008 cm

10
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UL Stability tests

Purpose of UL stability testing: (***)3

“Equipment and assemblies of equipment not secured to the building structure before operation shall be
physically stable in NORMAL USE. If means are provided to ensure that stability is maintained after the
opening of drawers, etc. by an OPERATOR, either these means shall be automatic or there shall be
warning marking complying with 5.2.

Compliance is checked by carrying out each of the following tests independently (where relevant), during
which the equipment shall not overbalance. Containers contain the RATED amount of substance to
provide the least favorable conditions of NORMAL USE. Castors are in their least favorable position of
NORMAL USE. Doors, drawers, etc. are closed unless otherwise specified:

— equipment other than HAND-HELD EQUIPMENT, is tilted in each direction to an angle of 10° from its
normal position;

— equipment which has both a height of 1 m or more and a mass of 25 kg or more, and all

floor-standing equipment, has a force applied at its top, or at a height of 2 m if the equipment

has a height more than 2 m. The force is 250 N, or 20% of the mass of the equipment, whichever is less,
and is applied in all directions except upwards. Jacks used in NORMAL USE, and doors, drawers, etc.,
intended to be opened by an OPERATOR, are in their least favorable position;

— floor-standing equipment has a force of 800 N applied downwards at the point of maximum moment to:

« all horizontal working surfaces;

» other surfaces providing an obvious ledge and which are not more than 1 m above floor level.”

Definitions: (****)
HAND-HELD EQUIPMENT: PORTABLE EQUIPMENT intended to be supported by one hand during

NORMAL USE.

3 (***)Refer to APRIL 30, 2002 UL 61010A-1 23, Section 7.3
(****) Refer to UL 61010A-1: JANUARY 30, 2002 UL 61010A-1 22 and APRIL 30, 2002 UL 61010A-1 23

11
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NORMAL USE: Operation, including stand-by, according to the instructions for use or for the obvious

intended purpose.

RATED (VALUE): A quantity value assigned, generally by a manufacturer, for a specified operating

condition of a component, device or equipment [IEV 151-04-03].

OPERATOR: Person operating equipment for its intended purpose.

NOTE — The OPERATOR should have received training appropriate for this purpose.

Note: All tests are performed with the cabinet mounted on its own support stand set at its maximum

rated height (in this case, 34.5 inches)

As far as possible, all equipment used should be calibrated and still within the calibration validity period.

Test Procedures

1. 10°Inclination test:

Refer to the NSF Resistance to overturning test on Page 4 for procedures, acceptance and picture.

2. Test whereby a force of 250 N, or 20% of the mass of the equipment, whichever is less,

and is applied in all directions except upwards;

(In our case, the total weight of the cabinet and its support stand is 300 kg, thus 250 N is the smaller

value and hence will be used for the test)

a)
b)

c)

d)

Set the force gage to read and display in Newtons;

Set up the gage on the special mount and mount the unit onto the car jack;

Make sure the car jack is mounted onto the wall as such that the force will be applied at the top of the
equipment or at a height of 2 m if the equipment has a height more than 2 m. In our case, the cabinet
on the support stand has an overall height higher than 2 m, thus, the force will be applied at a height
of 2 m;

Using the force gauge attached at the end to the car jack, crank the car jack until a “250 N” reading is

12
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obtained. This indicates that the required force of 250 N has been applied at the desired position;

e) The cabinet is rotated 90° and the process is repeated again. This is done altogether 4 times, each
time with the force being applied in 1 of the possible 4 horizontal directions.
Acceptance

The cabinet shall not initiate overturn or shall not overbalance

3. Floor-standing equipment has a force of 800 N applied downwards at the point of
maximum moment to all horizontal working surfaces and other surfaces providing an

obvious ledge: (and which are not more than 1 m above floor level).

a) The armrest is removed from the cabinet;

b) Tighten securely the C-clamp at the centre of the front nose of the cabinet with the clamp being
clamped at the foremost position. This position coincides with where the armrest would have been
and also denotes the horizontal surface of the cabinet which provides the maximum moment if a
downward force is applied to it;

c) Suspend the metal bucket from the front centre of the work surface using the wire rope, through the
C-clamp (the latter will be supporting it);

d) Place 8 x 10 kg weights and a 2 kg weight into the bucket (such that a total of 82 kg of weights is in
the bucket, simulating a force of 800 N)*:

e) While the bucket is being loaded, support its weight by placing it on a platform on castors. When it is
loaded, remove the platform

Acceptance

The cabinet shall not initiate overturn or shall not overbalance

* Weight = Mass * Force of Gravity=m* g Thus, m = weight/g = 800/9.81 = 81.5 kg

13
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Figure 7 showing the
Deflection of horizontal

working surfaces test

Figure 8 showing the weights

involved for the Deflection

test
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Results of UL tests for 3 feet Labculture® Class Il Type A2 Cabinets

Results
Acceptance 3 feet LA2 PASS
10° Tilting/ Overturning test No Overturning | No Overturning

250 N applied force/ Overturning test | No Overturning | No Overturning

800 N applied load to work surface/

Overturning test No Overturning | No Overturning

Conclusion:

Our 4 feet as well as the 6 feet Labculture® Class Il Type A2 Cabinets pass the stability tests,
with respect to the strict safety criteria according to the NSF standards, with flying colors. On the other
hand for UL stability testing, all our range of cabinets, that is 3 to 6 feet cabinet, pass the stringent tests
according to the UL standards.

This shows that our Labculture® Class Il Type A2 Cabinets are safe to be used, not only
protecting the user from exposure to biologically hazardous aerosols/particulates generated within the
work zone but also protecting the user from any external accident (related to the cabinet) which may
occur. They are risk-free and reliable for the operator to be used in terms of rigidity, structural integrity
and stability. This demonstrates our commitment to safety and quality and that we value safety of the
operator more than anything else. And this is achieved through extensive designing and countless hours

spent on research and development and physical testing.

Kevin Yong 23/09/04
L:\Engineering\Physical Performance Testing\Stability Testing\Overall Stability Testing.doc
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