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ABSTRACT
A side entry agitator test stand is being developed at
RIT in conjunction with Lightnin Mixers, SPX
Corporation. The test stand requires the ability to
measure torque, RPM, axial force, translational force,
as well as perform angular movements and vertical
translational motion. The system is needed to fill a
void in the industry, and will be constructed of steel,
utilizing bolted and welded connections. The sensing
will be done via load cells, a variable frequency drive,
and a LabView interface with the appropriate data
acquisition devices. Data will be output in a text file
for easy integration with Microsoft Excel and/or
Matlab.

Kurt Lutz (PM)
Axial and Tangential
Force Measurement

should be robust and functional in a variety of
environments. The data acquisition should generate
graphical data in which repeatability can be proven
and evaluated.

Figure 1: Side Entry Agitator Schematic

INTRODUCTION
Side entry agitators are commonly used in low
viscosity blending applications. Typically, they are
used in very large tanks, and result in less capital cost
than their top entry counterpart. They are used in
situations where top entry agitators are costly and
difficult to employ.Often they are used in underground
tanks where access to the top of the tank is necessary.
Currently, SPX Corporation has a top entry agitator
test stand capable of measuring shaft RPM, shaft
torque, and the tangential and axial fluid forces. A
need exists for a similar test stand for side entry
applications. SPX has approached RIT with the desire
to build such a stand. The proposed stand would be
capable of measuring torque, RPM (revolutions per
minute), axial force, and tangential force, but also be
capable of vertical and horizontal angle adjustment
and vertical translational motion. The ideal stand

DESIGN METHODOLOGY
When faced with the design challenge of a side entry
agitator test stand, there were numerous standard
procedures followed to generate needs, specifications,
metrics, and risk items to ease the design process.
Initial data for these documents was gathered by
interviewing the customer at SPX. For each need, the
team assigned a specification in order to quantitatively
prove if the needs were successfully met. From the
specifications, metrics were created and the
brainstorming process began. Every possibility for
completing each need was analyzed and sorted into a
PUGH matrix. Once each subsystem was designed,
integration was considered to develop the full
assembly.
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CALCULATION OF SYSTEM FORCES
SPX has provided the team with two specific mixing
impellers (model: A100 & A312)ranging in diameter
from six to ten inches. It was suggested to utilize 4HP
of a 5HP rated AC motor. The additional 20% can
accommodate for power and torque loss between the
shaft, coupling, and motor workings. Given the
following formula, shaft speed, torque, thrust, and
fluid force maxima were determined. SPX specified a
maximum shaft speed of 1200RPM, which led to back
calculating the maximum values taking the upper and
lower bounds of shaft speed into consideration. A
maximum torque of 23.6 ft-lbs, maximum thrust of
108.9 lbs, and maximum fluid force of 51.5 lbs, were
calculated. These parameters were all calculated using
“worst case” methodology for each term. The formulas
employed are summarized below:

SHP  6.54 *1014 * Np * SGFLUID * N 3 * D5 (1)
Where:
SHP=Shaft Horsepower
Np=Power Factor of specified impeller
SG=Specific Gravity of mixing fluid
N=Shaft Speed
D=Nominal Diameter of Impeller
All system testing will be performed in standard tap
water, assuming room temperature. Maximum power
factors were provided by SPX based upon historical
data and estimated values.
Torque was calculated given the following:

Tq 

63025 * SHP
N

(2)

Fluid forces for each impeller type were calculated
using the following based upon historical data and
SPX’s technical expertise:

180,000 * SHP
.554 DN
31.68 *104 * SHP
TA100 
1.5DN

TA312 

(3)
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The previous equations provided the basic design
criteria for the system. Even though values were taken
at worst case, factors of safety between two and four
were employed at each phase of the design to ensure a
safe and ultimately reliable system.
MOTOR, SHAFT, & COUPLING SELECTION
Given SPX’s design requirement, a 5HP 3-Phase
220V AC electric motor was utilized. Motor selection
became challenging since drive motors do not
typically see both thrust and radial loads. Selecting a
motor with acceptable load ratings and reasonable
torque and power performance was essential to project
success. The motor utilizes a VFD (Variable
Frequency Drive)to control power consumption, shaft
speed, and torque through the use of a sophisticated
vector control algorithm. All work was performed and
verified by a NYS certified electrician to ensure safety
and correct operation.
Coupling the output shaft of the motor to the
impeller shaft was achieved by a two-piece rigid shaft
coupling. Constructed of stainless steel to match shaft
material, the coupling handles thrust and torque loads,
as well as the maximum speed rating. The two-piece
design allows for easy disassembly without having to
move the tank or physical stand.
All given impellers have a mating bore of
approximately ¾ inch diameter; however a ¾ inch
shaft would not produce an acceptable FOS using the
Modified Goodman criteria for infinite life. Thus a
larger diameter shaft with machined mating diameter
had to be designed. The stainless steel shaft was
matched to the motor output shaft of 1-3/8 inch
diameter. A fillet with a 0.32 inch radius was
employed to reduce stress concentrations induced by
the step-down in diameter. The 316 stainless steel
shaft was purchased as a precision round with certified
ASTM test report. The report revealed material
properties such as yield strength, ultimate strength and
hardness to be greater than
The given values from the test report were
then evaluated using the SolidWorks Simulation
Xpress Analysis Wizard. Results of the analysis
produced a minimum FOS of approximately 1.7. Hand
calculations proved to be slightly more conservative
based upon the selected Marin factors.

(4)

Fluid forces were calculated using the following:

FFA312  9.8 *103 * N 1.67 * D3.53 * .07 (5)
FFA100  .135 *103 * N 2 * D4

(6)
Figure 2:SolidWorks Simulation Xpress
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STRUCTURE METHODOLOGY
The stand was initially designed to be as
mechanically simple as possible. One independent
system of motion was selected for each axis of travel.
For instance, linear rails were used to adjust the
height, while a tilt table controlled the vertical angle.
Once a design for the entire stand was complete, it was
reviewed for problems, complications, and possible
simplifications. Adjusting the horizontal angle would
require moving the assembly sideways while also
rotating the stand to keep the impeller in the correct
location in the tank. A simplification involved moving
the stand along a curved path. This moved the pivot
point to the tank wall rather than the stand, and
combined two axes of motion into one. Similar
modificationswere performed to the vertical height and
vertical tilt movements.
This design process reduced the stand design from
five systems of motion to two. Four lead screws at
each corner of the stand, operating in pairs, control
vertical height and vertical tilt. The curved slot
controls the horizontal angle. Since an electronic
position monitoring system was not desired by SPX,
simple scales were designed into the stand. Anglesare
indicated in 0.5 degree increments, and height is
marked in 0.1 inch increments.

was chosen so that it would accommodate the
movement the shaft has to endure. The mechanical
seal was chosen over a stuffing box type seal because
it resulted in less parasitic drag on the shaft.This
would decrease interference with the measurement
system yielding more accurate results. An added bonus
to using a mechanical seal is that they are virtually
water tight, so leakage is a non-issue. A flange is
bolted to the tank wall and the boot seats against this
flange. A retaining ring is then bolted, using the same
bolts, to keep even pressure on the boot skirt to ensure
no water seepage. The other end of the boot is
connected to the seal flange via retaining ring which is
then bolted to the mechanical seal.
There were two concerns with the design that
needed additional mechanisms in place in order to
ensure success. One of these was diagnosed early on,
and the second was designed "on-the-fly," as it had not
been accounted for. The former was the risk of torsion
on the mechanical seal which would cause it to rotate
and tear the boot. This was countered by connecting
the mechanical seal to the face plate of the axial and
tangential measurement system via support rods.
Because these rods are connected to the "moving"
plate, the forces transferred through them will still be
measured, to ensure accuracy is not decreased. The
latter structure was implemented upon finding that the
boot would sag due to the water weight inside of it. It
was previously thought that the internal water pressure
would keep it expanded and horizontal, however, this
turned out not to be the case. A bracket was designed
to mount to the current bolt-hole pattern in the tank
and seal flanges. These brackets have support arms
that hold the boot material up close to both of the
flanges. This stops any rubbing and wearing of the
shaft and boot material from happening at the two
most likely areas.

Figure 3: Structure Subassembly
SEALING METHODOLOGY
There were a few key factors that had to be taken
into consideration when designing the sealing system.
The system needed tomaintain an allowable leakage
rate, allow for all necessary movement, and have as
little impact on the measurement system as possible
with respect to energy losses and force measurement.
After many considerations, the design chosen was
a flexible boot attached to a mechanical seal. The boot
is constructed from vinyl which is glued to form a
shape that tapers from the tank wall opening to the
mechanical seal connection. This flexible appendage

Figure 4: Seal Subassembly
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MEASUREMENT METHODOLOGY
In determining the shaft RPM and torque, a variable
frequency motor drive was chosen with an analog
output for torque as a zero to ten volt signal. RPM was
assumed constant, as the VFD will draw whatever
current necessary to maintain speed within its
allowable operating region. The data was collected
through a DAQ interface containing a NI-9201 and
brought into a computer running National Instruments
LabView for manipulation. The same idea was used
for the load cells. The load cells were run through a
signal amplifier to generate the required excitation
signal. These signals entered the NI-9137 card as a
millivolt per volt signal, which was internally
converted to a physical in-lb unit.

Figure 6: Lebow 1000 lb capacity Load Cell
The LabView algorithm was written to trigger a
loop set to terminate both by pressing an emergency
stop, or after the desired test time has been
accomplished. Data imported into LabView is entered
as a voltage signal, then conditioned mathematically to
yield an output in appropriate units. From here, an
algorithm was developed to separate the load cell
signals into their axial and tangential components and
record the torque measurements. These signals are
then recorded, and all data is output into a text file.
From this text file, Excel spreadsheets can be used to
create plots for easier data representation, and Matlab
can be utilized to filter out noise in the data. The
equations used in the signal splitting and axial and
tangential force determination are:
𝑇 = − 𝑅𝐴 + 𝑅𝐵 + 𝑅𝐶 + 𝑅𝐷

Figure 5: Variable Frequency Drive
The unique horizontal orientation, along with
angle adjustability, posed issues to canister load cell
technology. Canister load cells are specifically
designed for measuring loads experienced in a single
axis and are affected by off axis loading. To reduce
the off axis affects, support pins were designed in
conjunction with bushings to limit the loads seen by
the load cells to simple compression. Additional
calculations were performed to determine the
maximum off axis load acceptable for the load cells.
With the need to measure only dynamic forces, the
static forces must be removed from the force
measuring apparatus. Simply zeroing the load cells
using a decade box or shunt resistor under static
conditions resolves the issue.

𝑅𝑥 =

11.5

𝑅𝑦 =

11.5

𝑅=

𝑅𝑥2 + 𝑅𝑦2

𝐿

𝐿

(7)

(𝑅𝐷 − 𝑅𝐵 )

(8)

(𝑅𝐶 − 𝑅𝐴 )

(9)
(10)

Where:
T = Thrust
L = distance from impeller to mount plate
A,B,C,D = the individual load cells
Rx= the x-component of tangential force
Ry=the y-component of tangential force
R = the resultant force
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each load cell. The latter VI was used in the
configuration. The test proved a successful attaining
appropriate numbers. Future work is needed to
calibrate the signals in some type of high loading
environment. Also, the write block needs to be edited
to format the data being input into a spreadsheet.

Figure 7: Data Acquisition Hardware
RESULTS AND DISCUSSION
Due to unexpected setbacks and delays in
manufacturing, the number of tests conducted was
significantly less than initially planned. To date the
conducted tests pertain to the fluid sealing boot,
motor, VFD configuration, horizontal angle travel,
sealing system, and data acquisition system.
The boot vinyl material and cement test involved
testing the sealing materials to determine if they are
capable of handling the pressure created by the fluid in
the tank. The tensile testing resulted in a tensile
strength of 62.5 psi for the vinyl cement and 7856.3
psi for the vinyl material.
The motor startup and VFD configuration test
determined if the motor functions properly and all the
drive inputs and outputs are working correctly. The
motor was wired by a certified electrician utilizing a
three phase, 220 volt connection. The drive was
configured step by step from the user manual to have
desired speed as an input, and torque as an output.
To ensure that the system assembly met the
required specifications, the horizontal angle
adjustment system was tested. The translational
system utilizes ball transfers, which were designed for
easy manipulation as the system weighs approximately
1500 lbs. For this test, the ball transfers were lifted,
and three locking bolts tightened. Fifty pound steel
weights were placed on the stand, and then the locking
bolts were removed. The ball transfers are then
lowered causing the plate to lift and easily slide along
the track by way of the lever arm attached to the base.
The results of this test proved that the system works,
but did face some resistance.
The next test conducted was of the data
acquisition system. Since the system is still under
assembly, the DAQ was only configured to attain
numbers within a reasonable range. Two LabView
VI’s currently exist. One contains logic splitting the
load cell signals into their axial and tangential
components, and the other outputs the weight felt by

’
Figure 8: Calibration VI
The final test conducted to date determined
whether the seal is capable of preventing a leakage. To
conduct this test, the seal was placed vertically, and
filled with water. The seal would then be twisted and
rotated in such a way consistent with operation. The
vinyl boot itself as well as the mechanical seal with the
shaft is connected did not leak during the test. Leakage
occurred at the flushing port of the mechanical seal
and the flange-boot interface. To fix the leakage, a
socket head cap screw can bethreaded into the flushing
port, and a new gasket material will be used at the
flange-boot interface.

Figure 9: Sealing System with Shaft after Test
The tests conducted act as proof of concept for the
individual subsystems. Future testing will take place
on a fully assembled system, having all systems acting
at once. In this phase of testing, the system will
undergo dry static and dynamic tests to determine if all
motion and measurement needs are met. Once the dry
tests are completed, the same tests will be conducted
in a full tank to see how water interacts with the
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system. Once these tests are completed, the system
will repeat a test under the same conditions, multiple
times, proving if consistency exists between test runs.
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Figure 10: Final Assembled System
CONCLUSIONS AND RECOMMENDATIONS
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Figure 1: Customer Needs

Figure 2: Engineering Metrics

Figure 3: RPM, Torque, Thrust, and Tangential Force Maxima Based on Loading Condition

Figure 4: System Inter-Connectedness Flow Chart

Figure 5: Subsystem Breakdown

Figure 6: Feasibility Checklist

Figure 7: Risk Assessment

