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Abstract

A recent trend has been a movement to more user friendly products in the mechanical power
transmission industry. One of these more user friendly styles is a high horsepower, right angle
shaft mounted drive designed to minimize installation efforts. Commonly referred to as an
alignment free type, it allows the drive package mounting to be quicker, more cost effective, and
require less expertise during installation. This facilitates the use of the drive in applications, such as
in underground mining, where there is little room to maneuver parts. The most common
application for the alignment free style drive is for powering bulk material handling belt conveyors.

An alignment free drive is direct coupled to the driven shaft only; it is not firmly attached to a
foundation or rigid structure. A connecting link or torque arm connects the drive to a fixed
structure, which limits the drive's rotational movement about the driven shaft. The electric motor
is supported by the reducer housing through a fabricated steel motor adapter; the coupling
connecting the motor shaft and reducer shaft is enclosed by this motor adapter.

Sumitomo Drive Technologies is working on a design of the alighment free system by using Finite
Element Analysis (FEA) to help guide the design process. FEA was used to test the cast iron housing
to determine any potential problem areas before production begins. Once analyses were
completed, the motor adaptor was redesigned to lower stresses using the information from the
FEA and comparing it to field test data.

Electric
Motor

Motor

Reducer Adapter

Figure 1. Alignment Free Drive System

Introduction

Gear reducers are key elements for many industrial applications. Alignment free is a common
industry term used for a right angle shaft mounted drive designed to be installed with minimal field
coupling and electric motor alignments. This particular type of drive system reduces cost and time
of field assembly, and minimizes the required skill level of the field assemblers. Sumitomo Drive
Technologies goal is to maximize the use of standard products, and to expand this design
philosophy to applications beyond underground mining. Gear reducers allow electric motors
producing relatively small torque to create high output torque through a series of gears.[1-4] The
weight of both the motor and reducer, plus the movement of the complete drive assembly can
create high stresses on the interface between the reducer and the motor or motor adapter. Motor
induced vibrations due to gear meshing, etc. also play a significant role in reducer analysis.[5-10].
These vibrations are greater at startup, and can produce large dynamic forces and torques, which
increases the risk of gear reducer housing failure at the interface with the motor adapter. A typical
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practice of stress analysis and design optimization is the use of finite element analysis (FEA) to
evaluate high stress and possible problem areas.[11-15] In order to determine if the current
reducer design meets the requirements of the proposed alignment free drive systems, the reducer
housing was analyzed under both static and dynamic loads using FEA. Pertinent results, structure
optimization proposals, and conclusions are introduced in the following sections.

FEA of Gear Reducer Housing
FEA Modeling

In order to simulate the system effectively the entire system was analyzed as an assembly. Based
on an existing and operating prototype design, the alignment free drive was modeled in Autodeskn
Inventorfl. Figure 1 shows the entire assembly. The drive is connected to the motor adapter, which
varies in size depending on what type and model of coupling it houses. The motor is also
connected to the motor adapter on the right side by a series of bolts.

Figure 2. FEA model mesh

The solid model was converted to a step file (.stp) and imported into PTC = Pro/Mechanica.

The FEA model was meshed in Pro/Mechanica using p-type elements and simple linear analysis was
performed. Bolts were modeled using Pro/Mechanica's fastener application. This method simulates
the bolt as a spring element passing through the two fastened parts. The load is completely
transferred through the bolt rather than the touching components. The entire assembly mesh is
shown in Figure 2. The FEA model had a maximum of 133,812 elements. Although this assembly is
very large, it was simplified by removing many structurally insignificant features. Analyzing the entire
system (reducer housing, coupling box and motor) as an assembly made it very complicated to
simulate. More complexity in the model, in terms of features, means more elements and hence less
accuracy. Significant effort was made to simplify the model while maintaining the structural
properties of the system.

Both the static and dynamic analysis were conducted in this environment. The loads applied are the
weight of the entire system and the torque reaction due to the action of the output shaft. The initial
torque on the system at start up is about 300% of the rated torque. This factor of three has been
taken into account while applying the loads. The alignment free system is designed to be both
flippable and reversible. The term “flippable” describes the reducer’s capability of operating both
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right-side-up and upside-down positions. “Reversible” refers to the reducer’s ability to operate in
both CW and CCW shaft rotations. Analysis of the housing was done in such a way as to test with the
torque applied in both the clockwise and counterclockwise on the output shaft.

The reducer housing is typically made out of cast iron. The motor adapter is made out of plates of A36
and structural tubing. This design allows the motor adapter to be relatively light- weight. Both the top
and the bottom of the adapter have a cover plate that can quickly and easily be taken off for access to
the coupling. The reducer housing and the coupling box is bolted together. Figure 3 shows corner
brackets that were put in place as additional support if needed. These corner brackets were included
on the prototype units, pending confirmation of the housing strength analysis.

Figure 3. Bracket and bracket located on housing

Static Analysis

The reducer housing is connected to the rest of the assembly by 4 bolts at the high-speed end-
face of the housing. Besides the bolts there is also a fail-safe in the form of brackets at the four
corners of end-face of the housing. As a conservative approach static analyses were conducted
with and without the brackets. The free-body diagram of the entire drive system is given in Figure
4, and it details how the loads were applied.

Fr(+}

Force due i Torque

Wer Force cug to Weight (mass)

Figure 4. Free-body Diagram

The stress without the brackets was high but not fatal. With the brackets, however, the stress was
reduced considerably. Figure 5 shows the stress distribution around the bolt holes of the reducer
interface. The stress distribution on the rest of the housing shows the area of high stresses.
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Figure 5. Stress distribution on Reducer Interface

Many of the high stress areas are the sharp edges and holes. Higher stresses are due to the stress
concentration in the area where the geometry is smaller and thinner. These are the particular
areas of concern. Two cases arise as a result of variable torque arm location (see Figure 6). The
torque arm is designed in such a way as to only allow slight movement in the negative Y-direction
(see Figure 4). When the loads associated with a counter-clockwise output shaft rotation are
applied, the reducer is forced down on the torque arm, allowing no further movement along the Y-
direction.

Figure 6. Torque arm positions

With the model constrained at the torque arm location-1 (see Figure 6) with zero degrees of
freedom in every direction, high stresses were seen on the structural tubing in Figure 7(a). This
tubing and the area surrounding show stresses above failure. Figure 7(a) shows that stress
concentration in two major areas; the circular mounting hole and the round corners of the
structural tubing. The maximum stress on the structural tubing is 543 MPa, and it occurred on the
outermost edges of the exterior of the tubing. This stress concentration area is very small and
should be omitted due to stress singularities at those points.
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A local maximum stress occurred near the edge of the mounting hole of 400Mpa. Because A36
steel tubing has an ultimate tensile strength of around 450MPa, this stress could cause this tubing
to yield. With the weight of the system, and the external torque applied, the structural tubing of
the motor adapter could fail in those areas of high stress.

Cons trained

torque arm
location

(a)Inner Structural Tubing (b) Bottom bar constrained area
Figure 7. Static analysis stress field

Figure 7(b) shows the mounting hole that was constrained during the analysis. High stresses were
seen on the edge of this mounting bar due to a pinching effect. When the loads are applied while
that location is held fixed, a significant amount of bending stress is created in the area where the
mounting bar meets the structural tubing and outermost motor plate shown in Figure 7(b). The
local maximum stresses of this outermost plate are around 200 MPa, and thereby will not cause
failure.

Similar analyses were conducted with counterclockwise torque and the two locations of the
torque arm. These analyses, however, showed lower stresses, and were disregarded. In this way a
worst case loading scenario was obtained.

In the static analysis, the plate at this interface, between the motor adapter and the reducer box,
exhibited much higher stresses than the reducer, and is thereby the limiting factors of the design.
The greater thickness of the reducer housing at the interface allowed that area to produce little
stress.

In order to get lower stresses, many of the parts were redesigned in an iterative process. The
plates were thickened, the structural tubing was thickened, but the stresses were still high and the
cost of these modifications would increase the production cost. Eventually, the solution that
proved to be easy and cost effective in terms of manufacturing was to extend the bottom bar to
the entire width of the coupling box. This causes the reaction forces from the torque arm to act
over the entire coupling box instead of a small region thereby lowering the stresses.

Figure 8 shows the results from the static analysis with the extended bar. With this bar extended
the stresses were around 60 MPa. These stresses were located on the bar mounting hole. With
this small modification a significant reduction in stresses was achieved.
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Figure 8. Extended Bar stress field

In order to further verify these stresses, the resulting reaction force on the torque arm was
compared to the forces applied to the model. The total weight of the reducer ( -11929N) , coupling
box (-7573.3N), and motor (-23583.2N) in the Y-direction gave a reaction force on the torque arm
in the Y-direction of + 43085.5N. Applying the SFy=0 gives the same result, and the model is
consistent.

Dynamic Analysis

PTC Pro/Mechanica was also used to perform the dynamic analyses. Dynamic analysis measures a
systems response to a number of time driven loads. In particular, dynamic random analysis was
used. Dynamic random analysis measures the response of a system to a power spectral density
function (PSD) [16, 17]. The load input is a force or acceleration PSD given over a range of
frequencies. In order to conduct a dynamic analysis, a modal analysis must first be run. A modal
analysis calculates the frequencies of failure. [18-20]

To ascertain the validity of both the assumptions and the calculations, acceleration vs. frequency
data was collected in three different planes and in various locations from the prototype of the
alignment free drive. A magnetic probe and machinery health analyzer was connected to the
prototype to acquire this information Figure 9 shows the acceleration vs. frequency in graphical
form from the readings taken from the prototype.
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Figure 9. Acceleration vs. Frequency graph

The modes of failure acquired during the prototype test were very close to those calculated in the
modal analysis and further verified the accuracy of our analysis and can be seen in Table 1.

Table 1 Comparison of Frequency

Estimated Experimental %
Mode (Hz) (Hz) error
1 28.3 24.9 12.0

2 51.1 48.6 4.9

3 137.8 121.8 11.6

The results in Table 1 show that the error in the analysis is comparable to the error
computed according to reference 13. Since the FEA model was extremely large, there was a
larger window of acceptable error.

The acceleration vs. frequency tables were also used as inputs in the dynamic random
analysis to show how the system responded to various frequencies. The model was
constrained as shown in Figure 7(b) and the loads were applied in a similar fashion as the
static analysis, except that for the dynamic random analysis, the PSD data was used as the
input to the analysis. Figure 10(a) shows one of the internal structural tubing members. This
member showed the maximum stress of the entire system. The resulting maximum stress on
the internal structural tubing was 450MPa. This stress, however, was over a small area and
can be disregarded due to a singularity region at that point. The realistic stress was around
300 MPa.

Figure 10(b) shows the stress distribution on the motor adaptor front plate. This is the
location where the adaptor is bolted to the reducer. This area also showed stresses near 300
MPa under dynamic loading. From these results, it is clear that there was a significant
reduction in stress on the motor adapter with the new design. The reducer housing and the
motor adaptor will not fail under running loads.

(a) Inner structural tubing (b) Reducer side of motor adaptorplate
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Figure 10. Dynamic random analysis stress distribution

Based on the FEA research results, optimization proposals are made to increase the structural
integrity of the alignment free drive and reduce the chance of failure. The suggestions are:

(1). Modify the four (top and bottom) bottom mounting bars so that it extends the full length of
the motor adapter. This allows for a greater load distribution of the reaction forces caused by the
fixed torque arm. This larger contact area will not cause high stresses on the internal structural
tubing. This becomes even more important as the design is applied to larger capacity reducers,
couplings, and motors. These extended bars can also be used as a skid-pad, that will aid in
transportation, and will also allow the reducer to sit on the ground if need be.

(2). The analyses shown are for the case where the external torque load is applied in the counter-
clockwise direction to the output shaft, and drive is constrained in the torque arm position nearest
to the reducer location 1. In this case, the majority of the motor adapter and the entire motor acts
as a cantilever beam extending from that torque arm position. Since the majority of the weight of
the drive system is due to the motor, there are significantly higher stresses on the reducer and
motor adapter interface and bottom torque arm location pad.

(3). When the drive system was analyzed with the external torque acting in the clockwise
direction, the stress results were much smaller than when it acted in the counter-clockwise
direction. This is due to the fact that this torque will effectively subtract from the moment created
from the weight of the motor acting at a large distance from the torque arm because they are
acting in opposite directions. Again, when space and application allows, orienting the output shaft
so that it is driving in the clockwise direction will significantly lower stress and decrease the chance
of failure.

Conclusion

The failure of gear reducer housing units is directly related to the combination of both static and
dynamic loadings. High stresses arise in the gear reducer housing from both the large sizes of the
components, improper gear meshing and impact, and from vibrations coming from the system.
FEA analysis showed the stress areas that would cause failure. The failure would begin by localized
yielding of the structural tubing at the mounting hole and propagate along the length of the
tubing. These areas were looked at more closely.

The redesigned size of the bottom bar had a significant effect on the maximum stress experienced
on the structural tubing and the area surrounding it. The data collected from the prototype helped
us verify the FEA and show that the redesign of the bottom bar would be sufficient to reduce the
stresses and prevent failure of the alignment free gear reducer housing system.
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