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ABSTRACT
A custom designed lifting system for isolation tables was designed and manufactured. This system is designed
to replace the current method by which the machine shop staff at the Rochester Institute of Technology move
vibration isolation tables in the laboratory setting. This system is designed to: reduce the time needed to move an
isolation table, provide a safer alternative to moving tables with engine hoists and carts (current method), and
require little maintenance. The system is composed of two identical but opposing mobile lifting units supported by
four casters each and a lead screw. Each end of the system was designed to be able to withstand the full load of a
table and its lifting components.
NOMENCLATURE
• Yield Strength: The stress at which a material begins to deform permanently.
• Lead Screw: Large screw designed to convert rotational motion to translation.
INTRODUCTION/BACKGROUND
Vibration isolation tables are an important piece of equipment used in laboratory settings. These tables are made
of a steel honeycomb sheet mounted between two optical breadboards with a screw pattern on their surface. The
tables rest upon legs which function similar to airbags. The tables allow for a stable platform which isolates sensitive
equipment from vibrations within the environment of the laboratory. Moving them can be dangerous especially
without good equipment due to the nature of their size.
The machine shop staff at Rochester Institute of Technology is, several times per year, required to move the
tables between various labs. Because the machine shop staff are skilled and experienced at this process they are able
to safely move these tables using engine hoists and carts. However, safely moving these tables with this equipment
is a time consuming process that requires a large amount of setup time, and the current process takes an entire day to
move a table. The current method is not recommended as a safe procedure for transport as the machine shop staff
does not always have full control of the tables during the process. With this in mind, a faster and safer solution must
be implemented to satisfy the needs of our customers.
In order to successfully complete the project, the lifter must satisfy a number of engineering requirements. It
must be able to carry the full variety of isolation tables found at RIT. It must also be able to travel over the tiles and
bumps on the RIT campus. It must be able to fit and function inside elevators and must store within the allotted
space in the engineering building basement.
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PROCESS/METHODOLOGY
Component and Design Selection
Base Frame
The system must have a base which will support the weight of the system and the table.. This frame was
designed as an H shaped frame. The system is supported by eight casters (4 on each side). The frame needed to be
made out of metal strong enough to support the full weight of the table and also withstand any impact the system
could undergo. To create a baseline for the approximate required size needed to support the weight of the system, a
bending calculation was completed. These bending and section moduli methods described are followed the methods
described in citations (1,2) The frame was modeled as a beam supported on two sides with a force equal to the
combined table and system weight placed in the middle. See Fig 1.

Figure 1: FBD of beam in bending
The base is assumed to have a length of 30”. In the stationary mode the reaction forces of the wheels are each 1/8 th
of the total weight of the table and system (approximately 325lb). Figure 2 shows the use of the bending moment
diagram method to calculate the bending moment in the beams as 406ftlb. This method shows the forces in a beam
in bending in a graphical form. The first diagram shows the maximum and minimum forces in a beam in bending.
The 325lb force in the beam acts as the slope when graphing the bending moment. Since the beam is 30ft long and
the slope is 325lb, the maximum moment is 406.25ftlb.

Figure 2: Bending diagrams of the beams
This bending moment was applied to the section modulus formula for bending of a square tube. The section modulus
method relates the yield stress of a material to the bending moment by multiplying it by a coefficient called the
section modulus, and therefore the cross sectional area of the beam. The yield strength of medium carbon steel [3] of
36000psi as the yield strength used in this calculation. The section modulus value calculated by this method allows
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the minimum required cross sectional area of a beam undergoing the applied bending stress to be found, as shown
in equations (1 and 2):
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(1) Section Modulus Method
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(2) Section Modulus of a Square Tube

Figure 3: Section Modulus of a Square Tube Cross Section
Substituting equation (2) into equation (1) with a yield stress of 36000psi and a bending moment of 406ftlb and
relating the B values in equation (2) to the H values and thickness (assuming square tube) yielded equation (3)
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−
=0.135in 3 (3)
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This equation when compared to the actual dimensions of real square beams yields a minimum size of 2x2x1/4”.
Table 1: Square beam cross sectional analysis

The stress in the frame metal would increase greatly in cases where an impact is caused. The team used impact
analysis to determine the max stress the system would have to deal with in impact scenarios. The first impact
analysis assumed that the system would impact a perfectly rigid wall and therefore absorb all of the collision energy.
Comparing the kinetic energy absorbed by the system to the toughness of steel yielded a minimum steel tubing size
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of 4”x4”x1/4”. This size of steel was determined to be insufficient. The frame would be too heavy to effectively
move with this size of tubing. The impact analysis was repeated by assuming that the steel and wall both had
coefficients of restitution. This coefficient describes the proportion of energy absorbed by materials in collision. For
a collision involving steel on concrete steel will absorb 60% of the collision energy (4). Using this coefficient in the
collision analysis yielded a minimum steel tube size of 2”x2”x1/4”.
Casters
The minimum weight each caster would need to support is 1/8 th of the total weight of the system and table
(approximately 200lb.). This weight however does not take into account forces imparted into the casters when the
system moves over bumps or other obstacles. The modeling of the forces generated by the system traveling over
bumps was completed by assuming the movement of a caster wheel over a bump follows the same path and velocity
behaviors of a car wheel isolated from the suspension traveling over a speed bump. This method was developed by
Professor Mark Kempski, for his System Dynamics class, and used with his permission. This method relates the
position of a wheel (x and y) to the approach (x) velocity of the wheel. The method separates the approach to the
bump and traveling over the bump into four time delayed motion functions. These equations are combined to give a
combined equation which describes the motion of the system vertically when related to time. The derivative of this
system gives the velocity of the system vertically over time. The velocity of the system under various bumping
conditions was calculated using these equations in excel (Dynamic bumping analysis sheet in same folder as x
section calculation sheet). It is possible to relate the change in vertical velocity of the system over the impact to the
force applied by remembering that the change in momentum of a system is equal to the applied force. Using the
solved velocity equation then allows for the determination of the force caused by the bump. Assuming a walking
speed of three mph for a human when applied to this system approximation yields an additional force of 125lb
exerted upon the casters by hitting bumps.
Jaw Sizing
A method to secure the isolation tables in the lifting system was needed. Multiple systems were considered,
including a rail system, pressure clamps on the side of the tables, and vacuum suction. It was deemed that a jaw
system that could clamp onto the tables and secure them in place with fasteners would be the simplest to build and
implement. A very simple worst case scenario calculation was done to get an approximate magnitude for the size of
the material to be used for the jaws. This calculation assumed the jaw was a cantilevered beam and that the weight
of the table would be applied as a point load at the center of gravity of the table. This analysis created an
unrealistically large bending stress in the material and yielded a minimum sheet size of 1.5 inches. Because of the
severe overestimation of needed size, the jaws were then modeled in the simulation attachment of Autodesk
inventor. This system modeled the jaws as a steel angle bar with several small ribs placed along the section for
support. Using this analysis tool, we were able to reduce the thickness of the plates used for the jaws to 1/4in.

Figure 4: Jaw sizing simulation using the table as a large gravitational body.
Lead Screw Sizing
Two screws of equivalent specifications were necessary to support the weight of the table. Our theoretical
length of the screw was determined to be 56in. and from this our column strength was calculated. Without sufficient
column strength, the mechanical screw would begin to buckle under the weight it was intended to carry. The
calculations suggest a screw with a minimum diameter of 0.56 in.; however the closest diameter available for
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purchase was 0.75in. A stiffness calculation was also performed in order to determine the maximum deflection in
the screw should it be loaded to the maximum weight scenario of 1300lbs. After that consideration other factors for
screw selection such as critical speed were considered to be negligible. Our main concern was the amount of torque
that would need to be generated from both operators in order to lift the table. The required torque of each individual
was calculated to be approximately 25.6lb of force.
Fatigue Analysis
As systems are loaded and unloaded the stress can cause material fatigue. Given that the system will only
be loaded a maximum of 3-4 times per year maximum we do not expect any fatigue failures caused by loading and
unloading the system with tables. However, traveling over bumps changes the load on the system. Approaching a
bump can be approximated as cyclic loading and unloading of the system with a magnitude equal to the force
generated by traveling over the bump. A fatigue analysis was completed using the 125lb loading force as the cyclic
load with a mean loading of 1300lbs on the system. The stress caused by the cyclic loading and unloading of the
system while traveling over bumps is lower than the fatigue limit of the steel used. This means that the steel will
effectively have infinite lifetime when used within operational limits. [5]
Bearing Selection
The rotational shaft components and Lead Screw need to be held in place while functioning. To this end bearings
needed to be selected. When the system is fully functional and an isolation table is supported on both sides the
rotational shaft only undergoes radial stress loading. A radial bearing that could support a radial load equal to the
1300lb maximum weight was selected for each side of the system. The lead screw which is aligned vertically needed
a radial bearing to support the upper end of the screw and a bearing capable of supporting radial and axial loads at
the bottom, where the load from the table would be transferred through the screw into the base frame. The radial
bearing at the top of the screw was selected with a pillow block so that it could be secured easily to the top of the
upright columns. The bearing that will support the lead screw axial load is a tapered roller bearing. A tapered
bearing capable of supporting the maximum 1300lb weight was selected.
RESULTS AND DISCUSSION
Pre-Build Mobility Simulation
The casters that the system would be mounted on arrived before the build of the frame could be completed.
Before completing the build it was decided to test the mobility of the casters when aligned in a rigid orientation of
four casters on each side of a table. This benchmarking test would allow for the determination if the proposed caster
orientation would be viable in the final build or if we would need to reorganize them. To test the caster mobility we
built a small test rig out of plywood and attached the casters to it. We moved the caster rig over the terrain we would
encounter when moving a table. We expected the casters to successfully navigate over all door thresholds and
interior tile floors/bumps. We expected more difficulty moving the system when outside. The caster unit was able to
be moved when weighed down over any bump smaller than 3/4” in height. The casters were able to be pushed over
door thresholds. We were able to move the system up and down slopes of approximately ten degrees without undue
effort. The test was repeated after two caster rigs were attached by a ten foot long plywood board (to form a full
system analogue). There was concern that eight free casters would be difficult to control or be too floaty. Testing the
mobility this way, it was determined that two people can easily control this system. Each side of the system is
controlled by one person, so the mobility gained from having free casters allowed both people to fully control the
movement of the caster rig. It should also be noted that casters needed to roll over all indoor surfaces without
leaving any scratches and marks. The casters selected are composed of a round steel core that is covered in a tread
less, hard rubber.
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Figure 5: Caster Mobility Test Simulation Rig
The frames of these units need to be able to support their own weight as well as loads generated by the tables. In
these tests various loads at increments of 250, 500, 750, and 1000lbs will be loaded onto individual units in order to
determine their ability to handle said loads as well as reinforce our predicted outcomes from the analysis portion of
the development process. This process is similar to the process for pile load testing. In this testing the load rating of
a system is verified by ramping up to and then leaving a structure under its maximum load for a period of 24 hours.
[6]

Figure 6: Single unit for load testing
Once both units have passed the single loading test, both units will be required to lift a single uniform load in
tandem. Lift is generated by twisting the lead screw at the top of the device and driving a screw nut along the length
of said screw. Both units will be tested for their stability in maintaining large loads at approximately 1300lbs as
well as their ability to keep the table in a symmetrical orientation via the assistance of our taper bearing.
From our calculations, we expect the devices to be able to support a total of 1500lbs, however this maximum weight
is not recommended.
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Due to delays in the build the longer full system test was not completed. The individual unit loading tests
were completed and the system does support the required load. The full system is therefore expected to support the
full load without failure.
Gripping Test
The tables will be supported by two machined support brackets (jaws). The lower jaw is stationary and has a rubber
pad on it. This jaw supports the underside of the table while the upper jaw is being installed and provides friction to
support the table during rotation. The upper jaw moves up and down to accommodate tables of varying size. This
jaw also has slots cut into it matching the 1”x1”x1/4-20 hole pattern on the optical breadboards of the tables. Each
table will be fastened to the upper jaw with 24 bolts. These bolts along with the lower jaw will secure the table and
allow the system to lift the table safely. The gripping test will involve the group attempting to lift a table by using
the upper and lower jaw in conjunction with the aforementioned 24 screws. We expect that the table will be fully
supported and stable after being secured by this method. As with the previous tests this test has not been completed
due to build delays. The system is expected to support and grip the full weight of the tables, as it was designed to
support a load equal to twice the expected load.
Rotational Stability
The jaw system will be supported by a large rotational shaft. This shaft will be attached to the frame and jaw and has
been selected to withstand bending caused by the weight of this table. The table will be rotated by the users of the
system who will grab and move the table to its vertical position. The table will be able to lock in place both
vertically and horizontally. The process of moving the table should be safely completed within one minute by two
people. This process should not require anyone operating the system to exert more than 60lb of force (non-lifting).
We will test this by rotating a table that has been secured in this system. Neither user should have to exert undue
effort to rotate the table.
CONCLUSIONS AND RECOMMENDATIONS
The project was intended to create a safe and efficient system for the movement of vibration isolation tables.
The system settled on involves lifting Isolation tables by their width on opposite sides. Each end of the system is a
free gripping unit, or effectively a large clamp. The system lifts the tables with the use of large clamping plates and a
lead screw to provide lift.
The major technical recommendation of this project is to reduce the weight and material usage of the
system. All of the components of the system were designed or selected to support at least twice the expected load
rating of the system. Some of the components were sized to support five times the weight of the system. The cost
and weight of the system could be reduced by determining which system components can safely reduce in size. This
recommendation would also increase ease of use of the system and reduce safety risks associated with loss of
control.
From a project planning standpoint , it is recommended to order purchase components earlier than the lead time
quoted by the manufacturer would suggested. The largest delay with this system was the lead screw arriving two
weeks after the lead time has passed. Another important recommendation is to create specified engineering prints
with design requirements per part and ensure that they are followed. The system needed to be modified to account
for a discrepancy between the design and the build that would have prevented system function.
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