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INTRODUCTION

Up until now, a major problem faces Danfoss Turbocor, a leader in compression technology: there
is no system to measure the efficiency and torque load of their compressors. Danfoss Turbocor
manufactures compressors for the heat, vacuum and air conditioner industry, and is a world leader
in this technology because its compressors are oil-free. [1] Danfoss wants to have a good grip on
the performance of their compressors at very high speeds, along with maintaining the speed for a
longer period of time. The company’s compressors achieve high efficiency due to a combination
of magnetic bearings, which use magnetic fields to create a contact-free system between the shaft
and bearings, allowing high speeds (up to 40,000 RPM), and variable-speed centrifugal
compression, which allows the use of the compressor with the rotation for the highest quality
performance.

A motor test rig is a system that comprises of a motor and a generator and a device between them
to measure the performance of the generator. In this case, Danfoss’ TT-series compressors serve
as the motor and generator respectively. In the actual design of the test rig, a torque transducer is
the device that is to be used to observe and measure the performance of the generator; due to the
price of this transducer and its lead time, however, Mr. Sun, Danfoss’ representative to supervise
this project, asked the team to come up with a mock transducer to prove the concept of the torque
transducer. The team came up with a bearing and bearing housing block which will mimic the
torque transducer and provide proof of concept.

The test rig is a quite complex system, in that it had to be designed to accommodate the mode of
operation of Danfoss’ compressors; the compressors have sensors which keep the rotating shaft
within them levitating, adjusting the shaft in the x, y and z directions, as needed. The test rig that
is designed is made up of a base frame that is adjustable in the y and z directions through the use
of set screws and shims, two double-flex disc couplings which can accommodate the compressors’
shafts’ response to misalignments, a stand for a mock transducer, a mock transducer, a shaft to link
the mock transducer to the compressors and two TT-500 compressors.

This year’s senior design team is currently building off of what last year’s team designed. Last
year’s team designed an adjustable base frame that was able to change the position of two
compressors placed on it, align them, and run the compressors at low speeds. They designed a
system with a flexible coupling, which accounted for only a little amount of misalignment. Also,
instead of using a laser alignment tool to align their system, the team ended up using a dial
alignment system. This may have been the cause of the vibration issues that occurred when testing
their design. The test rig was able to run up to about 700 rpm before the vibrations caused the
system to shut down.

The overall goal for this project is to be able to have the high speed motor test rig up and running
up to about 10,000 rpm without any issues by the end of spring 2017. The safety of team 5 and
those who will be operating and maintaining the system is a priority. In order to achieve a safe
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system, team 5 will be doing different analyses when improving on or making changes to the last
year’s design. This report addresses details about the manufacturing, reliability and economics
aspect of our design.

DESIGN FOR MANUFACTURING

The basic component parts that made up the motor test rig include two TT-500 compressors, two
double-flex disc couplings that can accommodate speeds of up to 9,500 rpm, an acrylic safety
shield to protect against any failure that may occur, a 20 mm diameter shaft, an adjustable base
frame, a bearing and bearing housing which can accommodate speeds of up to 10,000 rpm
(representing the torque transducer that was initially to be incorporated in the system), and a mock
transducer stand, as shown in figure 1. Of these nine components, only the two compressors and
base frame were available at the start of this project; the two double-flex disc couplings, and
bearing and bearing housing were purchased; and the acrylic safety shield, 20 mm diameter shaft
and mock transducer stand were machined according to the needed specifications. Also, two basic
tools - a laser alignment tool (shown in figure 2) and a car-type jack will be use to achieve accuracy
in the alignment process, with the aid of shims and set screws.

The process of assembling the test rig is outlined as follows; figure 1 shows an exploded view of
the motor test rig.

1. Base frame is set on 2-inch blocks, so that a jack can slide under it for easy lifting of the

compressor during alignment.

Mock-transducer — bearing housing — stand is bolted onto the base frame.

Mock transducer is bolted on mock-transducer stand.

20 mm shaft is put in the bearing and, then, the combination is set in the bearing housing.

Two TT-500 compressors are placed on the base frame on both sides.

Protruding shaft of each compressor is connected to the shaft passing through the bearing

with the double-flex disc couplings.

Laser alignment tool is setup to align the test-rig components.

8. Compressors are adjusted using jacks to lift them, shims to keep them aligned in the z-
direction and set screws to keep them aligned in the y-direction.

9. Compressors are powered on and calibrated, then ran at various speeds.

10. Acrylic safety shield is placed over the mock-transducer-shaft-and-coupling region for
safety.
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TT 500 Compressor
Acting as Generator

| Acrylic Safety Shield

20 mm shaft

TT500 Compressor
Acting as Motor

Double Flex Disk

| Base Frame
Coupling (2)

| Mock Transducer ]

Fig. 1. Exploded view of the motor test rig

Although the setup time of the motor test rig was not given as an important factor, the sponsor
emphasized that the alignment of the system should not be tedious, as the compressors weighed
about 300 pounds. By using a jack to lift the compressors, instead of a crowbar, which was the
method adopted by the previous senior design team, the setup of the test rig was simpler, easier
and faster. [2] The design is as simple as possible, every component of the test rig is important and
cannot be done without.

Fig. 2. Laser alignment tool [3]
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DESIGN FOR RELIABILITY

The design created has still yet to be tested. A few parts have yet to arrive, so early next week the
team will begin testing of the rig. The team had conducted an FEA and FEMA analysis in order to
determine the loads and durability of the system they had designed. The FEMA was used to decide
between multiple designs when the team was first examining last year’s design and how they
would improve on it. The team had met with an FEA specialist in the fall to determine what kinds
of conditions the system could endure. Jack created a report for a finite element class, and on the
next page are the findings he made.

The FEMA analysis was used progressively throughout the semester in order to select the right
design for the project. An important part of choosing a design was the number of parts in order to
maintain the natural frequency for the compressors to run at.



Finite Element Analysis of Motor Test Rig Components

Overview

Turbocor’s TT500 Compressor

< Before purchasing expensive components, specific parts were
analyzed to determine if the design concept would fail

< External conjoining shaft, base plate stand, selected couplings

« Used Creo Pro E and SolidWorks

« Displacement, Von Mises Stress, and Factor of Safety diagrams
were produced

% Turbocor FEA Specialist verified results using ANSYS

Jack Pullo =
12/4/16

ITURBOCOR
Procedure e

* A motor was applied at 2000, 5000, 10000, and 30000 RPM on the
internal shaft extruding out of the impeller.

% The diagrams show results of external shaft connecting the two coupling to
verify that the couplings would securely fasten the external shaft without
causing alignment issues.

o Due to space issues. FEA diagrams of the shaft are only shown at
10,000RPMs

o Large displacement would effect alignment and result in the compressors
shutting dowr.

o Ifthe Von Mises Stress surpassed the yield strength, the shaft would
rupture

o Ifa Factor of Safety under 1 occurred the design structure would fail

+ Adistributed load of 600 pounds was placed at the critical points
on which the compressors located on the base stand

% To assure the stand wouldn't collapse and drop the compressors during

Max Stress Applied: 6.7E-001 N/m*2 ikt e

Max Displacement: 3.9E-004 mm

+ The torque applied
from the motor
doesn't't cause
enough
displacement to
produce alignment
concerns

+  The factor of safety
remains way above
a value of 1

« At each speed the
results verify that
the couplings will
work effectively

Confirms that the shaft will not fail during high speed operation

H

= Minimum FOS: 4.2E+008

operation
Compressor Base Stand Analysis
The yield strength g | r—rr—— . *  The yield strength
of the selected \ of the selected
material is 7y material is
220594000 N/m*2. el e 513613000 Pa.
Therefore the shaft Therefore the stand

would not fracture

*  The force applied
from the load
bearing of the two
compressors
doesn't produce
enough
displacement to
cause failure in the
design

+  Can see the
majority of stress
and displacement
occurs where
compressor applies
most of its weight

Ooi__.im 5&“ »zm design of stand <<=. not fail while compressors attached

Max Displacement; 1.034E-7 m

Max Stress: 3.45E04 Pa
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DESIGN FOR ECONOMICS

The budget for this product was estimated around $20,000 but more or less the team was told that
they should design for high speeds and then run all purchases through Danfoss Turbocor and they
will be told if something it too expensive. The only piece of equipment that was not approved was
the torque transducer which ran upwards of $10,000 and thus the bearing and housing was needed
to replicate it in the design. Below is an economic breakdown of the whole project’s purchases.

Economic Break-Down

L.

= Couplings
$987.82

¥ Laser Alignment tool
$3,565.76

® Raw material
$438.72

Bearing + Housing
$205.25

Fig. 3. Economic Breakdown

It is important to note that the majority of the purchases is made up of the laser alignment tool and
the couplings. This is key because they will be consistent hopefully in terms of future additions to
the motor test rig. If the desired compressor is chosen then these will stay the same in order to
accommodate for the high speeds and reducing the risk of misalignment and failure.
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