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ABSTRACT

From the olden days in synchronous machines for attaching mechanically pole windings to the
shaft dovetails are used. In general T-shape or Hammered head section is used as type of dovetail.
Hammered head dovetail is a modification of T-section. Now a day thereis a lot of demand for the
Seam turbo generators. These synchronous generators require high runaway speed. High speeds
can be achieved by using the forged shafts or by using high strength material for the punched
spiders. Forged shafts are economically not preferable due to reason of more lead times and costly
machining processes etc. Laminated spider type shafts are used in some cases. It is limited by the
strength of the material, i.e. limitation in getting high strength material economically is difficult. To
over come above constraints Modification of dovetail section could be the one of possible solution to
overcome above constraints for a high peripheral velocity. This is explained step by step in this
report, from developing base line for the T-section dovetail model to possible modifications into
new geometric models. Percent of improvement in peripheral velocities are calculated with respect
to base model.
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INTRODUCTION

Now a day as the demand for the electricity iseased, Steamturbogenerators have become very
important. These are rotating machinery equipped alectrical components to generate power. As
these have rotating machinery equipment, it shaatisfy the mechanical design criteria’s in
manufacturing and design point of view along whie satisfying the electrical requirement. This
can be clearly understood with the help of fig-1,
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Electrical optimization
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Fig-1 Electrical-mechanical interaction

Generally electrical machine design is the complegalculations, optimization. It is necessary to
have experience and knowledge to accomplish comachine design. In the design of motors and
generators, the first step is to design the actimgerials or in other words, design of the statat a
rotor cores. In Electrical rotating machines, tte#® core consists of coils, punching, space [dock
and wedges. The rotor core is quite different onirmluction and synchronous machine. In an
induction machine, in general, the core consistpufching, space blocks, flanges and a squirrel
cage winding. A synchronous machine consists ofcping, amortisseur winding, rotor field
winding, endplates, tie bars, top sticks or collansl coil brackets. The design of the rotor and
stator cores is commonly known as “electrical” dasiAs stated above, it includes mechanical
designing of the parts. The electrical design aséh rotating machines is nothing but the
assembling of a group of mechanical parts thatofiether. In assembly to the shaft pole with
copper windings are attached through the dovefBlilsse copper coils may be strip wound or coil
wound based on the time and economic factors. @rpthes there are some accessories like end
plates, dampers etc.

Poles and spider Shafts are connected by meansdfianically through the dovetail. As these
parts are made of various material these shouldfwathe basic principles of mechanical
engineering.

For better understanding the of synchronous mashiter section, figures are shown in below.
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Fig-2 Assembly section of Synchronous machine rotor

Designed point of view pole and spider assemblyspén important role. The enlarged out portion
of the pole is shown in fig-3.

oot . 000 ‘:‘ “"Yj”"”-m . “‘“*nw&::l: S ===== ;F‘
|

Front View Side View

Fig-3 Pole with accessories

The dovetail shapes using presently in these mashane known as T-section and Hammerhead
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section. To achieve better speeds with these dibwstetions, material with high strength to be
selected. From cost point of view going to higkesgth material is not so preferable.

&R

Fig-4 Section of Dovetail shapes

Dovetail shapes what presently using is shown ovalig. Based on the loads on poles, the neck
size and number of necks are selected. Dovetailsittistand for high peripheral velocity more
necks can select. But it has some limitations lilkketed across flats distance, core outer diameter,
etc. So for better peripheral velocity and to inyerdhe stresses dovetail design to be modified.
Classification of dovetails is as follows basedespective designs

MATERIALSAND METHOD

Based on Shap

T-Slots

Hammer Type Slots
Based on Size:

0.75T; 1T; 1.25T; 1.2T
Importance of Dovetails:

Dovetail plays an important role in the assemblyobéting parts in electrical machines. Here few
points are given below about the importance oftkbnvetails

To provide the mechanical support (holding the pole

To carry effectively the electromagnetic flux geated by the rotor winding.

To ensure the perfect linkage between pole anda yaice.

Generally dovetails are made by punching operatlookness ranging form 0.5 mm to 10 mm.
Description of Dovetail Stresses:

Dovetails are in T shape; the stress patternseseth dovetails are not uniform throughout the area.
High stress is at the sudden change or at disaotytim the geometry of section. That is at theefil

of the dovetail. The high stress at fillet areaezsdue to concentration of stress flow lines oren
and it's due to discontinuity in the geometric [defof the section. To decrease the stress
concentration at fillet, radius can be increased.

To operate at higher peripheral velocities withchiinging the material, design to be modified. This
is one of best possible way for getting better giearal velocity. Increasing in the dovetail depth
leads to decrease in the stress of pole but itshitiw effect on spider. To solve these problems, a
model without changing the depth of dovetail camiueleled.

Dovetail Selection

As the first step in the design synchronous machdwretail, is the selection of suitable dovetail.
This could be done as follows. As a first step wlale the centrifugal force due to rotation of pole
Centrifugal Force depends on the radius of rotéRmtor outer diameter), peripheral velocity of
machine and pole weight. For the selection of bietadovetail size and shape to satisfy
mechanically at given rotating speed, first caltaila
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neck load.
The neck loads can be calculated as follows

The below data is from Base Model-1
Radius Of rotation ~ 1137mm

Rated Speed = 360 RPM

Over Speed = 740 RPM

Weight of Finished pole=784kg=1728lbs
Pole length (along shaft)=1011mm=39inch
Centrifugal Force (Per Cross section) per
inch=29869.7908Lbs(@ Over Speed
Neck Load per inch (for 1.25T)= =23895.2
Ibs/inch

Based on the available material and standard goetl

M7301A6 is chosen as the suitable material. Itthaseck load limit of 31800 Ib/inch. If the force
per inch is more than limiting value of materiagthmultiple necks is opted. But it is limited bgth
width of the spider and pole. And it can be relasdollows

No. Of necks: Sector Area
When there is need to increase no of necks, nedlirtk about the effect of forces due to each
other and on other poles also, i.e. minimum disgaretween two adjacent necks. For deciding the
failure of design yield strength of material witf82imit value is considered.
Analysis of T-section Dovetail
After selecting the suitable neck size, next ssepnalysis of dovetail for the limiting stresses a
critical section. For analysis consider the soméhefprevious manufactured models and results of
these machines are used as
benchmark for the further implementation of the etau section. Comprehensive analytical
calculations are done on the manufactured modelsthose are validated with ANSYS. For
simulation in ANSYS the model is generated in Pand imported to ANSYS.

Table: 1 Analytical and ANSYS stress values congueri

Vonmises Stress in | Analytical | ANSYS
pole(Mpa)
Nominal stress| 163.82 166
With Stress
Concentration 671.96 664
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Conclusions about T-section Dovetail:

Vonmises
Stress in
pole (Mpa)
Nominal With Stress
stress Concentrati
on Factor
Base | Analytical Analy
model Ansys|tical | ANSYS
1 164 160 | 671 667
2 48 57 | 240 231
3 126 123 | 516 499

Table: 2 Comparison of Stresses in a set of workiogels

T section is very good to resist bending stress.

Zone of nominal Stress spread is good.

Stress concentration zone is very limited as radissnall.

Due to Sudden change in the geometry of T dovietaill cause more stress at fillet section and
this will lead to plastic deformation.

From the above analysis, as worst-case conditiae Baodel —1 is considered as benchmark for the
further implementation of the dovetail geometrictsmn

Concept for modeling new Dovetail Shapes

Possible modified (alternate) Shapes & Details

To reduce the stress at sharp fillets, the desagrbe modified as shown in below. As shown in fig-
5 the T section can be modified.

Model-1

Model-2

Model-3

Model-4

Fig: 5 Possible Modifications for T slot
Model-1:
As shown in the fig. it's a v section. The possipibf failure in this section is only due to telesi
stresses. This failure will occur at the neck ofietail. The load carrying capacity is less when
comparing with the other models due to the registiraterial is less when comparing with other
models for same neck and base width condition. Duthis reason there are more chances of

opening of neck. Digging more depth in spider caoluce the displacement. But it will weaken the
spider.
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M odel-2:

It's an improvement of the model-1. By providingne® more material at the bottom width as
shown in fig, the chances of escaping the pole fjoim are less. This is due to bending of the
excess material shows this effect. The stressekessewhen comparing with the model-1. In this
model there are two points, which are critical tfog failure section. One is neck and other is at th
angel corner. In this model, there are more chawéesilure in spider than pole, due to less
resistance material than pole or same resistanterialaas model-1.

M oddl-3:

This is another type, which will reduce the stresacentration at corner (fillet). This is similar t
the previous model but the material distributiondifferent. It will show good strength for the
centrifugal forces by providing the sufficient maaé In this model also two critical sections are
present similar to previous model. This model ¥all not only due to tensile and bending forces as
previous model but also with shear force compon&ume of the sections of failures are shown in
fig-6

Fig: 6 Section of failures of Model-3
As shown in fig. the location of points of A anda@ same but failure types are different. One is
principal stress and other is shea stress. F1 @ndré resolved forces of total centrifugal force.

M oddl-4:

As shown in above group it's a one more possibledeghowhich will reduce the stress
concentration. It's more rigid for shear failurathbase model (T section). Because section of shear
increases and highest among the entire models omedtiabove. Failures sections in this model are
similar to model-3

Possible failuresin above models

As motioned above, these models will decreasesst@ascentration, and in addition to neck failure
buckling of sides and localized yielding will takgisace as shown in fig.

Ly o

; 4 ; &
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Fig: 6-a Failuredue Fig: 6-b Failure dueto
to Buckling Localized Yielding
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Selection of better design by using the ANSY Ssimulation results
Results at over speed limit (77rad/sec) are shaziowb

Vonmises D|splatcemen
Pole Stress (MPa) (mm)
Base Model-

1 390 0.216
Model 4 308 0.23
Model 3 370 0.268
Model 2 362 0.308
Model 1 - >>

Table: 3 Set of results of Model 1-4 along with 8asodel

From the above set of results it can concludedrti@del 4 is giving better stresses at over speed.
Further optimized design for Moedl-4 is done ldigrusing DOE. At over speed (77 rad/sec) with
the model-1 type dovetail it's difficult to resifte centrifugal forces generated in dovetail due to
rotation of pole. l.e. yielding in the dovetailn®re and pole come to outside. So, due to thi®reas
the stresses in model-1 are considered for congrariased on the Vonmises stresses the order of
better models is given in ascending order.

Base Model < Model-3 < Model-2 < Model-4
Comparison of Analytical and ANSY S stresses.

Vonmises Stress in
pole (Mpa)
Nominal Stress | ANSYS
Base Model 136 390
Model-3 155 370

Table: 4 Comparison of vonmises stress of Base haoaikEModel-3

Comparison between old & new dovetail sections
Stress comparison and % of Improvement in peripheral velocities:

The results of Model-3&4 are discussed with respedase model-1. The stresses calculated for
the base model are at 77 rad/sec (740 RPM). At $alfd nominal stresses are calculated for the
modle-3&4 by using the EXCEL sheet. The nominasdes in this model are less when comparing
with the base model. With the help of Excel toaddl &y trail and error method the maximum speed
that can be achieved for the model3&4 are foundeHkee maximum stress is equal to nominal
stress of base model at 77 rad/sec (740 RPM). Casopeof Base Model with the new Model-3&4
in respect of stresses is done below. For compaletaonsider the stresses at the fillet
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Base Model Model-3 Model-4
“onmises Srese
&) 7Trad/sec

Btresswith Stress
Concentration 667 330 308

164 155 120

factor
Speed can

Increase 16480 rad/sec 16490 radisac

% of Increase In
speed

4 17

Table: 5 Table of Comparison of stresses at fillet

So from the above table, the order of dovetail tgrgth wise is mentioned below. Model-4>
Model-3> Base Model
Calculation of advantage from material side:

The yield strength of the material used for theebasodel has 45,000 psi. There is a lot of
improvement in the strength of the material. Prége66,000-psi yield strength material is
available. If this material is used for the punchithen the machine can run to better speeds than
previous. This can be find by using the excel aud equal to 43% with model-4 when comparing
with base model-1. It means that by using new gtlematerial and new modified dovetail section
(Model-4) the possible improvement in peripheralouity is 43%. Here all the conditions are
maintained same with respect to base model-1.

Note: The stresses considered for the failure aetis with factor of safety only, i.e. 2/3 of yiel
strength. Same factor of safety should considervat speed also. If the limit value of factor of
safety is decreased at the over speed, thereharae of achieving high peripheral velocity. This
could be an added over advantage. But it mainledép on the purity of material.

CONCLUSION

The aim of this paper is achieving of more peripheelocity by modifying the profile of the
geometry of dovetail section. For fulfilling thiask a systematic procedure is followed from the
analysis of base models for reference purpose arfthdlizing of new dovetail section. This is
explained in the previous sections. And brief sumeseof set results are concluded here.

Model-3

Conditions:

Same neck load or same neck width.
Bottom width is also maintained same.
Machine is similar to base model-1 machine exceptdaile of dovetail section

Conclusions;

4% improvement in peripheral velocity is possibléhis advantage is only from the design
modification side.

If the advantage from better strength material ansaered, then the total improvement in
peripheral velocity due to modified dovetail sectiand advantage of improvement in strength of
material is 20%.
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Advantages.

This modified section has some advantages overtbection. For the same neck width the depth
of the dovetail is less and almost 0.65 times tgsth. So it's an added over advantage for the
spider in strength wise.

Disadvantages.

As on increasing the depth of dovetall, it's lindit® less no. of necks. It's due to that for samekn
width and optimum slant angel width of bottom etdgeomes more.

M odel-4:

Conditions:

Same neck load or same neck width.

Bottom width is also maintained same.

Height of the new section and T -section doveiaisame.

Machine is similar to base model-1 machine exceptdafile of dovetail section

Conclusions:

17% improvement in peripheral velocity is possibldis advantage is only from the design
modification side.

If the advantage from better strength material ansadered, then the total improvement in
peripheral velocity due to modified dovetail sestiand advantage of improvement in strength of
material is 43%.

Advantages.

As previous model it not have any constraint onwidth of the dovetail section. These dovetails
can replace with T-section. It's due to both hameaeck width, height and also bottom width.
Disadvantage:

As this section contains slant edges machinirayva@hces should be provide equally on both sides.

Scope for the Futurework

Instead of T-section dovetail, new dovetail secstiape can be used for high peripheral velocity
with safe design limits. There are still more chemof increasing the strength of the design by
knowing the some more properties. For this somekvinas to be done. The future work can be
carried out on the modified section for the furtheyprovement in the peripheral velocity is
mentioned below.

Multistage Dovetail: The dovetail section can be modified into multi stagg multi level. Care
should be taken while dimensioning because toleréinut will effect on the stresses of the multi
level.

Fatigue Stress. As this is a rotating member, chances of failure tufatigueare more. For better
judgment about the dovetail section fatigue stoadsulation should be carried.

Behavior of material in plastic zone: There are local plastificationsbserved. The difference
between the nominal stress values and stressandiisuity geometry (Plastic zone) is more. This
will show effect on the material behavior. Due kistthe properties of the material will change
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abruptly. So a great study should be carried ouh@ The behavior of material in the plastic zone
is clearly mentioned in dynamic plasticity.
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