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ABSTRACT: To survive in today’s vast competition and fast changing market, all organizations need the effective use
of updated technology and proper study of options available. This report is about a study of existing and proposed
assembly procedure of Rotor —Shaft assembly during manufacturing of induction motors. The fitment is analyzed
against available theoretical background. The experiments carried out provide relationship between the press-in-force
and available interference between the mating parts and role of tolerance on shaft diameters. The algorithm developed
provides a methodology to arrive at expected value of pressure gauge readings during assembly on the described
hydraulic press. To ascertain customer specified ‘Torque capacity’ of the joint required, add-on control system for the
assembly station is proposed.
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l. INTRODUCTION

Press fitting joints are widely used in mechanical engineering to transmit a torque through the joint of two parts
because of their high efficiency and easy implementation. Therefore, an adequate understanding of the stress and
strains generated by this procedure in fitted parts is a key issue for the right design of these mechanical components. An
example of this type of assemblies is the rotor shaft assembly in induction motor manufacturing.

From the pressure cylinders theory based on the Lamé equations [1] it is possible to deduce the expressions of radial
and tangential stresses which are present in both cylinders. In particular, both radial and tangential stresses in the
internal cylinder (or shaft), which is assumed to be solid, are equal to the contact pressure but with opposite sign.

O-T,I = O-L-,I = — p
1. LITERATURE ON ALGORITHM DESIGN

Although the stress state in interference fits was already studied both theoretically [2] and experimentally [3] years
ago, a complete characterization of the mechanical behaviour of the assembled elements is still far to be achieved.
The main difficulty in such characterization is the dependence of stress states on multiple variables which make
complicated the use of theoretical models.

Based on this model we designed an algorithm for calculation of maximum force between the rotor and shaft
assembly. Considering various options available for assembly, Shrink-fitting involves establishing a pressure between
the inside diameter of a sleeve or hub and the outside diameter of a shaft through an interference fit. Commonly,
expansion of the external part by heating, or cooling of the shaft is employed, the parts brought together and then the
whole assembly returned to operating temperature [4]. The stresses created by shrink-fitting have traditionally been
calculated using Lamé equations [5] for a thick walled cylinder subjected to internal and external pressure. But, shrink
fit showed some severe disadvantages.
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Response of shrink fitted assembly to dynamic torsion is very sensitive to contact area and hardness of material as
per D Ramesh Rajkumar[6].Also, Kimball [7],[8] described experimental measurements of internal friction in
different rotor materials, both with and without shrink fits. He postulated that internal hysteresis in a material during
spin will cause the shaft to deflect sideways in the direction of forward whirl He measured the magnitude of internal
friction force by the sideways deflection of a loaded overhung shaft during spin. From the measurements, he
concluded that the sideways deflection is independent of the spin velocity (or the rate of strain of the shaft fibres) and
that shrink fits leads to larger deflection of the shaft as compared to the case of no shrink fit on the shaft. These
experiments showed that shrink fits, rather than the material internal hysteresis, are a much more important
mechanism of the forward whirl instability. Similarly, Smalley and Pantermuehl et al. [9] presented an analysis of
some centrifugal compressor designs assembled with shrink fit joints. The analysis investigated the stiffening effect
caused by the shrink fits on the centrifugal compressors. This paper showed how unfit is shrink fit for rotor shaft
assembly with various application such as in an centrifugal compressor

Modern hydraulic systems have evolved towards electronics and microprocessor-controlled electrohydraulic

components in order to achieve new control possibilities [10].
On the other hand, hydraulic presses are generally slower than mechanical presses [11]; A new quality and significant
improvement in the functioning of the press can be obtained with a simultaneous realization of position feedback,
which is actually a hybrid control algorithm [12],[13],[14]. Finally a force and position control of hydraulic press was
studied and executed by Zeliko Situm at University of Zagerb, faculty of mechanical engineer and naval architecture
that could be utilise for press fit with maximum precision [15].

I11. METHODOLOGY

The research is divided into experimental and theoretical studies. The methodology for the research in each of the two
areas is described as follows:
1. Beginning with the scratch it was important to understand the forces between shaft and rotor in detail in order to
check reliability and strength of interference fit. The factors that affect interference fit and its strength needed to be
studied in depth. Thus few experiments were carried out in order to understand relationship between various factors
affecting interference fit.

Steps involved in the experimentation work:

1) Inspection of rotor.

2) Inspection of shaft.

3) Marking at distance of 10mm on the contact length of shaft.

4) Pressing of shaft in the bore of rotor as well as taking reading of pressure at every check point.
2. After experimentation and study of factors affecting interference fit various theoretical algorithm models were
designed to form the relationship between theoretical and observed gauge pressure readings.

IV. THEORETICAL BACKGROUND
The maximum pressure between shaft and solid rotor involved in interference fit is given by the equation:

Ex103x8  (RE=RE)<(RE—RY) N
= X
Pe R, 2<REx(R2—R2) MPa.or N/ 5 ... M

Where,

Pc = Maximum pressure between shaft and solid rotor during assembly. (MPa)
E=Young modulus of steel = 210 GPa.

6= Radial interference between shaft and solid rotor.(mm)

R =Internal radius of shaft. = zero (for solid shaft)

R, =External radius of shaft.(mm)

FC:u><(n><2R2><L)><Pc:%><D2><Pe ............. @)
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Where,
F,. = Force applied by ram on the shaft.(N)

U = Coefficient friction between shaft and hub of rotor.
L=Length of engagement.(mm)
D= Internal diameter of cylinder of press =12.5 cm.

P, = Expected pressure in pressure gauge.(kg/ cm?)
Thus maximum torque resisted by the rotor shaft assembly is given by
Thmax = F: X Ry oo, (3)

Trmax = Maximum torque resisted by rotor shaft assembly. (N.m)

e

3
_.__-_.._%m- 5

i

Fig. 1 rotor shaft assembly. Fig. 2 silicon steel stampings.

Figure 1 shows the arrangement of rotor and tapered shaft during press fit. Figure 2 shows the silicon steel stamping
which are piled and aluminium die casted to form rotor of the induction motor. It is worth noting that these stampings
can be considered as flywheel with inner hub radius R1 and outer hub radius R2 while outter radius is R3.

V. PROPOSED ALGORITHM
Step 1: Take R, , R, , R5, 1, &, Tmax as user input
Step 2: Take P as input from pressure gauge and X as input from position control system of press fit.

Step 3: Let 11, 01 and 00 be the output to DCV to control downward, upward and nowhere motion of plunger of
cylinder respectively.
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Step 5: let b be the output to dcv
Step 6: While (P=0)

a=X;
Step 7: L=l-a;
Step 8:

Ry

Pc
P, =

Tmax

Step 9:
If P,>p;
b=01,;

Display unfit assembly;

Else if

P>p;

b=01;

Else

b=11;

Step 10: End,;

_ 210x10%x6 _ (R§-R3)x(RZ-RY),
2xRE%(R§—R})
_ ux(mx2RyxL)x Pc,
T 2
2<125

_ ux(mx2RZxL)

Vol. 5, Issue 11, November 2016

V1. EXPERIMENTAL RESULTS

Following are the results of algorithm when used for rotor shaft assembly of different sizes. The tables show details
of calculation data, observed pressure and theoretical pressure from algorithm. The graphs show readings for different
interference for given rotor and their theoretical and observed pressure during press fit. As per Lame’s equation the
press fit pressure is equal to press out pressure thus the max torque capacity of the assembly is ensured.

Table |

Calculation for radius 9.85 mm of internal diameter of rotor

Ry R, R, L | Radial Theoretical | Observed
(mm) (mm) (mm) (mm) (mm) Interference | Pressure Pressure
(mm) (bar) (bar)
9.85 19 31 90 70 0.02 37.36 40
9.85 19 31 a0 70 0.03 56.54 60
9.85 19 31 a0 70 0.04 74.72 75
9.85 19 31 90 70 0.05 93.4 a0

Copyright to JIRSET

DOI:10.15680/1JIRSET.2016.0511139

20146



Pressure

100

IJIRSET
International Journal of Innovative Research in Science,

ISSN(Online) : 2319-8753
ISSN (Print) : 2347-6710

Engineering and Technology

(An 1SO 3297: 2007 Certified Organization)

Vol. 5, Issue 11, November 2016

For Shaft diameter of tolerance limit 19.7 to 19.8mm

Theriotical Pressure

/ Observed pressure
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Fig. 3 Graph between pressure and radial interference for shaft diameter of tolerance limit 19.7 to 19.8mm

Table 11

0.05

Calculation for radius 16.25 mm of internal diameter of rotor

1
0.06

al

R R, R, L I Radial Theoretical | Observed
(mm) (mm) (mm) (mm) (mm) Interference | Pressure Pressure
(mm) (bar) (bar)
16.75 26 40 109 99 0.01 27.42 30
16.75 26 40 109 99 0.015 41.13 40
16.75 26 40 109 99 0.020 54.85 55
16.75 26 40 109 99 0.025 68.55 70
16.75 26 40 109 99 0.03 82.66 80
16.75 26 40 109 99 0.035 95.97 100
For Shaft diameter of tolerance limit 33.4 to 33.57mm
. Ubﬁ_erved Pressure
/Therimi(a Pressure

/
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Fig. 4 Graph between pressure and radial interference for shaft diameter of tolerance limit 33.4 to 33.57 mm

Copyright to JIRSET

DOI:10.15680/1JIRSET.2016.0511139

20147



k‘/é) ISSN(Online) : 2319-8753
]]IRSE'I' ISSN (Print) : 2347-6710
International Journal of Innovative Research in Science,
Engineering and Technology
(An 1SO 3297: 2007 Certified Organization)

Vol. 5, Issue 11, November 2016

Table 111
Calculation for radius 7.5 mm of internal diameter of rotor

+

R4 R, R, L | Radial Theoretical | Observed

(mm) (mm) (mm) (mm) (mm) Interference Pressure Pressure

(mm) (bar) (bar)

7.5 15 24 47 27 0.005 4.35 5
7.5 15 24 47 27 0.010 8.7 10
7.5 15 24 47 27 0.015 13.56 15
7.5 15 24 47 27 0.02 17.4 20
7.5 15 24 47 27 0.025 26.9 25
7.5 15 24 47 27 0.035 30.5 30

For Shaft diameter of tolerance limit 15 to 15.1mm

Theriotical pressure
—

25 /

Pressure

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04

Radial interfernce

Fig. 5 Graph between pressure and radial interference for shaft diameter of tolerance limit 15 to 15.1 mm
VII. CONCLUSION

The series of experiments provided relationship between the expected and actual pressure observed in pressure gauge
and factors involved. The formula 1 and formula 2 can be employed to measure exact maximum pressure in pressure
gauge with following consideration:

e  Rsis taken as addendum of slots of aluminium die cast in slots in silicon stamping .

e Lis taken as the difference in total length of rotor and the length where first pressure reading is

observed in pressure gauge.

e L depends on the tolerance and taper of the shaft and can be controlled in manufacturing .
This is major finding of the project that can be further employed for detailed research
in dynamic forces existing in interference fit.
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