2154913 MAGNETI C ROTOR AND METHOD OF ASSEMBLY Descri ption Technical Field Ef’
This invention relates to rotors for use in 5 electrical generators and _
nor e pastrul arly to a sequen- tially built rotor and a method of assenbly. 4

Backgroyng {Art Hi gh speed, high performance generator rotors are
bui |t V\A@ center shafts to provide 10 maxinmum magnetic mat e3i5f91¥3
mai nt ai n structural integrity of this type rotor, one possible course
is to conplete the rotor and associ ated shafts as a unlt as taught in U S
Patent 4,024,628, to Crites.MAGNETEC ROEORuAHDtMBTHeDOOFaASS Yis an
integral unit, any 15 defect or failure in any portion of the rotor renders
the entire structure use-less.” As an alternative to a single piece con-
struction, rotors may be sequentially bui PB8GEiR&#ORNe parts pernmanently

joined as by wel di_f&hnmeggm 20 oper ation is intricate and demands a
grdat anount of c

gﬁ? 2& 1.8 nec sarlh% res lts ip a tine
consumi ng process and the pet?d? ﬁ(‘! 2 & Rr & °§tsep€°rFHFFhé1"
rewor ki ng of tHe reientrﬁcqﬂ egéneratbyst hadwwicted pagitiiculayly to a sequén-

rotor assenbl ed WI hSufle ri.gga?erggges-mgl:hgggﬁg Qggemilgt.dr awback. To

wi t hstand the Iarge st resses encoun | ar ge ts or rivets nust be
used requiring large bores through the assenbl ed el enents. The possibility

of air gaps abom:gguké PodsdcXreai ses the 30 problemof disruption of the
magnetic path whi ¢h, =T l”rhigOm%ﬁ%e%?mﬂfgﬁ”per£$§ﬁ§i§¥ generator rotors
_ are generally built without center shafts to provide
~ 10 maximum magnetic material. To maintain the structural
integrity of this type rotor, one possible course is to
complete the rotor and associated shafts as a unit, as
taught in U.S. Patent 4,024,628, to Crites. However,
because the rotor assembly is an integral unit, any
15 defect or failure in any portion of the rotor renders the
entire structure useless.

As an alternative to a single piece con-
struction,'rotors may be iequentially built up and the
parts permanently joined as by welding. The welding

20 operation is intricate and demands a great amount of care
and precision. This necessarily results in a time-
consuming process and the performance of a great number .
of steps. Further reworking of the rotor is precluded by
the welded joints. |

25 A rotor assembled with bolts or rivets gener-
ally has one main drawback. To withstand the large

s . ‘stresses encountered, large bolts or rivets must be used
requiring large bores through the assembled elements.
The possibility of air.gaps about the fastener raises the
: 30 problem of disruption of the magnetic path which, in
‘0 turn, lowers generator efficiency.




-2- A further drawback with sequentially built rotors is that contam nants
are‘likely to find their way between mated parts, which nay be permanently
engaged. Rotor operation may be inpaired. Because the parts are

not readily 5 separable, the entire rotor may be unusable. The presept-:-
i nvention is directed to overcone the probl ens enunerated above. 10 .. 1

D sclosure of the Invention The: present |nve?tion provi des a net hod ffor
steps of: rennvaMﬁpnﬁh&xﬂﬂrqwba¢Mrw15hppeqheh¢1aadyzbdxﬁteumtmtslSsathat

sequentially building up a rotor for an el ectric machine conprising t

rotary magnetic . f u S Iy c I
subassenbly to ﬁ%@%ﬁméﬁaﬂ% rE?]Ei'%d ?ur%§s5%%o?g§ réﬁﬁgﬁpa%?k urn sup%gﬁfg
fromthe core pP@WK@lmyhkﬂheﬂ@b]bshnﬁﬁmﬁnﬁﬂﬁﬂg feng of Rehercpreration
the core Subassmpl ypel i qmpagraad assgabhh e ceRd Paite® tddd) HHRPOEeSgWLyh
one of the shaf |tt|n S; mach |n|n% the ali g turn s ports and shaft
fittings toeff&CParabdRinghegntire yofor  may ﬁg“PHéa §ft fittings and

turn supports; reattach|ng the turn supports at. the ends of the core; and

removably attac g ng..at. ea h u 30
whereby the g@% ﬁ%%51 1WJ :#%P ﬁ?sggggggfgd 3f§F8?é§B§kQ§§ gggBXEmg
reassenbl ed MAtnnumsrategnnbnweof the core, turn supports and shaft
f|tt|ngs precisely nalntalned

10 Disclosure of the Invention .
o The present invention provides a method for sequentially

~ building up a rotor for an electric machine compr1s1ng the
steps of: ' :
_ removably attaching a turn support to each axial end of
15 a rotary magnetic core to define a core subassembly and
| machining the core subassembly to match the core and turn
supports:
removing the turn supports from the core:
. providing an axial shaft fitting for each of the ends
20 of the core subassembly:
aligning and assembling each of the turn supports with
one of the shaft fittings:
machining the aligned'turn supports and shaft fittings
\J' to effect matching: |
25 disassembling the shaft fittings and turn supports.
| reattaching the turn supports at the ends of the
core; and

removably attaching a shaft fitting at each end of the
core subassembly: _
30 whereby the rotor can be readily disassembled for
reworking and reassembled with the alignment of the core.
turn supports and shaft fittings precisely maintained.

The present invehtion permits the assembly of a rigid rotor
35 that is capable of high rotational speeds and which can be



The present invention pernits the assenbly of a rigid rotor 35 that is
‘capabl e_of high rotational speeds and which can be "~ 3 disassenbled fort
r ewor
of- t ve housing, the ele- nents can be successively separated by

rel ea§i n he 5 bolts joining the end shaft fittings and in turn those ~
nmount i g the end turn supports with the cord. This feature is particul arlyé
advantageous in that it permts precise machining in various stages of

assenbly after ich the eptire assenb can assenbl deburred 10
and cl eaned to éﬁﬁﬁe@% §°‘J?rk§89i n‘fﬁé’ ? §S° ﬁg etc.
prior to mﬁndingllgnménEIHetneén &beienthe process faC|I|tates assenbly and
di sassenbly, the end prodﬁ Eno}ﬁ;nggagr %cfesghé szegbghh%ﬁlih Y, %F{]éjc% te.

cl . S

The bores for-the bolts are ose tol erance
enpl oyed are pr!%ﬂ%ﬁoﬁ‘-agrdlmd‘“ﬁFgﬁséYP%Hgtﬁ?P%"d’@%ePYm&‘Gillei‘ts;i"ﬁoIﬂse whi ch

become part sof sasté ahnaagewey eyl drsfti zetnﬁqhauadt (1) e&rﬁﬁenﬂsose
‘Further, the bolts are_ s ted for h g?gﬁetlc perneab
p

account for | oWREfHED 9c Y s UER; 4 Ft%%’c 38 HEOFF A 6‘5‘ SEi g' 1
i's a perspecti veeateneolsapartilcalad yotasdvarssagenys ainothangito pelrmits

t i t Qfs o ;
Flo 3 is an odyeaied, rachiplplt G NAEIGuL Slaed Ve EhREnGDY artes
supports; Fig. whighakhengnsize: assembiy feanihe ddpassembled, deburred

10 and cleaned to remove contaminants as machining chips,

grinding dust, etc. prior to winding the field coil. o
While the process facilitates assembly and

disassembly, the end product of the process is a high
quality structure. The bores for the bolts are machined

15 ¢to close,toleranbes. The bolts employed are precision

' ground, -high strength, high permeability bolts which

become part of the final assembly and positively retain

the elements. Further, the bolts, which are selected for

hzgh magnetic permeability, account for low magnetic

20 loss. ' '

Brief Description of the Drawings |
Fig. 1 is a perspective view of a completed _
rotor assembly according to the présent invention; | o
Fig. 2 is a perspective view of the rotor core;
25" Fig. 3 is an exploded view of the core assembly
with mated end turn supports;. '
Fig,. 4 is an end shaft fitting for the core
matched with an end turn support;
Fig. 5 is the opposite end shaft fitting from
30 that in Fig. 4 matched with an end turn support; and
| Fig. 6 is an explbded-view'of the end shaft.
fittings and field wound core subassembly.

_\L-
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thout | oss of precise alignnent between el enents. Upon renoval <«



-

matched with an end turn support; Fig. 5 is the opposite end shaft fitting
from30 that in Fig. 4 matched with an end turn support; and Fig. 6 &#s an
expl oded view of the end shaft fittings and field wound core subagsenbly.

-4- Best Mbde for Carrying Qut the Invention Fig. 1 depicts a cofiplehed
rotor assenbly 10 nade according to the invention and conpri si s
a mekn core assenbly 12 surrounded by a cylindrical 5 sl ee\(€ id -
oppositely directed and axially,aligned end4haft fittings 16,
core assenbly 12 is detailed in Figs. 2 and 3 and conprises an |-shaped

core 20 made from bonded l'am nation | ayers 22. At each end of the core 20

10 s an end tupgeEupges Legh @&Fgg‘g @fht! RHROFR@hkY ofiBt Ch the cross
section of the cor ; ] I% oggosiielr
openi ng rectangul ar recesses X5 IhikeRIGHF S oRPLErFdopRhPRgaFEEPRLY UL Gy
recesses 28 in the nade @6candimnctd whe sinvemttion?4ndpcompddsingsgenerally
cont i nuous under cut | I | rat k Jslkon of
the field wi ndings 389%‘# gé&% @ﬂ@fg%?%ﬁgﬁd %gcﬁi %géiﬁgkg?%ge

tol erances thbPough 8heeverfls RS RPRAFIFSHHrested and srdaddicadpgned end

t hreadabl y recei vesgpap®! titdbinds sieglis bolt 20 35 is inserted axially
t hrough each end turn support a4t substantially dianmetrical
Ferelibd Y 1

regions of the core assenbly I SRR SIS FeﬁétﬁgFggggagﬂg Fﬁ?ﬁ'

t he opposite end tu2nasdippoand Xompr isses @rmprictihsiped cloxei 260 medet fonm

between the core 20,40ge&"thd#Hdtion layers 22. At each end of the core 20

\v; 10 is an end turn support 24 configured to nominally match

' the cross section of the core 20. The end turn supports

24 have axially opPOsitely opening rectangular recesses
26 which, with oppositely opening rectangular recesses 28
in the core 20 and end turn supports 24, provide a

15 continuous undercut about the main core assembly 12, for
the inclusion of the field windings 30 (Fig. 6).

A bore 32 is axially machined to close
tolerances through each of the end turn supports 24 and
the core 20 threadably receives a bolt 35. A single bolt

20 35 is inserted axially through each end turn support at
substantially diametrically opposing regions of the core
assembly 12 and is of sufficient length to extend into
the opposite end turn support 24 so as to prohibit
relative rotation between the core 20 and end turn

25 supports 24. _ _ '

- M-shaped wedges 34 are closely mated in the
core recesses 28, and have lengthwise, rectangular
pathways 36 for the field windings 30 defined by spaced
axiél flanges 38 of a'length equal to the distance

30 between opposed faces of the end turn supports 24.

| Machining of the core 20 and assembled end
turn supports 24 constituting the core subassembly 12,
can take place before the addition of the wedges 34. The




25 supports 24. M shaped wedges 34 are closely mated in the core
recesses 28, and have | engthw se, rectangul ar pathways 36 for the fi'eld,

i # a0\ defined by spaced axial flanges 38 of a length equal to the

, bet ween opposed faces of the end turn supports 24.

y gt the core 20 and assenbled end turn supports 24 constituting
the cone_subassenbly 12, can take place before the addition of the wedges
34. The wedges 34 are assenbled to theTore 20 by suitable fasteners
(not shown) before conpletion of the final machining of the outside

di ameter thereof. The end turn supports_24 are then remved from.5 t he
core and mat ched Wﬁéﬁeﬁh§4eﬁﬁes%§$$mﬂ?qi?Rgs'EhelG'f“P& 39 Ayssudtablen Figs. 4
and 5. Because theasusesérag(mét tsteowen)d befor & upppliet idh icf tthe fdmalfl or

both end shaft fitti .16, 18 [ r lpan{ e used to
designate parts a{"ggggﬁlégdoéft?%e&g%grgégéiﬁ% thﬁfgaoa{' end shaft
fittings 16, 18 has a circul Bhecend Bie SHPRATYS At iaftedian yemovedd from
axially directed gpbkl 86ré8andhfa €6k édrwi e e &N tsHLE MMt tifgys, 00 &L, 1 QBa

e

~

axi s.of shafts 17 9. which.are integral.wth and extend . oppositel rom .
the bases 46. 15 11 10s¥ragca s #¥§7§ﬂ§;ﬁﬁ%té;\&§§fﬂqﬁ? ﬂﬁﬁﬁﬁgﬁ%bSFts 24

and shaft fittingshé6end8tusn nsuppertredidyis e rsapfe dorelboth0 emnd ashaifitg
wi thin dianetricakl S axg alq & Sk | upports
24 and in the ba’sggyglg'?agegg'ec%(?(/e)f?@ \e/iee%pr oper .y’dér:raét_lrzgﬁeagmt edgn turn
20 supports 24egh@nake sPAFES{3t1e3ch e oy Hie GRES ndR o afediheed

tol erancesyp end shaft fittings 16, 18 has a circular cast base 46
with an integrally formed, axially directed collar 48.
The collars are cdnéentric with the rotatiqnal axis of
shafts 17,'19_which are integral with and extend
oppositely from the bases 46. |
15 ' . Alignment between the end turn supports 24 and
- shaft fittings 16, 18 is maintained by a pair of dowels
50 extending within diametrically opposed axial bores 52
and 53 in the end turn supports 24 and in the bases 46,
respectively. When properly matched, the end turn
20 supports 24 and end shaft fittings 16, 18 are machined to
| desired tolerances. | |
| ‘The end shaft fittings 16, 18 and end turn
~supports 24 are then separated and the end supports 24 "
_ rebolted with the core 20. The shaft fittings 16, 18 and
25 core asSembly 12 are mated as illustrated in Fig. 6.
Bores 54 are machined to close tolerances through the _
bases 46, the end tﬁrn supports 24 and into the ‘core 20.
A second set of precision ground bolts 56 are threadably
received in the bores 54 and are”tighteped to secure the
30 end shaft fittings 16, 18, to the core subassembly.
'Additional machining of the collars 48 and the end turn
supports 24 proceeds if requited._



The end shaft fittings 16, 18 and end turn supports 24 .are then separated
and the-end supports 24 rebolted with the core 20. The shaft fittings 16,
'8 and 25 core assenbly 12 are mated as illustrated in Fig. 6. Bores
are machined to close tol erances through the bases 46, the end turn
supports 24 and into the core 20. A second set of precision ground boft:
aref hreadably received in the bores 54 andare tightened to secure t¥%

end shaft fittings 16, 18, to the core subassenbly. Additional machining of
the collars 48 and the end tuyr u rQAGE r | L gd Bol ts
56 and end turn bolts 35 are%tc’ﬁé% &n E’rda\%:w}'dgo %Soﬁ t%gu%légrtegg e

el enents can be swp&bhdresn Gobahnadaaddhﬂ&%ﬂ&ﬁiqgiﬁﬁﬁnikﬂQﬂﬁsnakhihEng

L pS 2 Ir) Nt 10 gl alle i NaeBBPle f WA WU i Herove aRFYnbeEning

accunul ated. The end turn up orts are then reassenbl ed he core
the field coil 30ChdP&§d CAn@riRdingdGus 32 emyadﬁd*“rr@fsmwﬁ%?i‘n&a&a

- 18 are thensreassqiiyl @dvieo aldtamandtled.n supports 24 after such reassenbly.
The 10 cylindrical sleeve,14 is interfere c t.he pe

surfaces of the commonly nacﬁ?ﬁe& ?oﬁ@' o FY RRRY tﬁﬂygﬁg eﬁ%igggpﬁﬁed
fittings and secuted the &ocenﬁ@ntt@meuaiﬂunotk)1anﬂundeam® theowefiges 34

oot vely e AEAPEASRR,P B UONER R iRe 1607018 2P BB Rk BB e
-fittings 16, 18 i KOasbeniendd tuaNa EUPPSTItS %ﬁfﬁb‘{ ysyeh e%%?ﬁ@emhll’ur nThe
bolts 56 ag tggqxwzqc%(i el N S URPATIterFe el 6haf thf thei ngs

1QLJ18 can e fre t.o_accqnplish cl eanin

peripheral surfaces of g%e commonly machined core, end
turn supports and end shaft fittings and secured in a
- conventional manner to complete the rotor 10.
From the foregoing it can be seen that the
15 bolts 35, 56 simply and positively maintain the core 20,
end turn supports 24 ané end shaft fittings 16, 18 in
assembled relatibnship. By simply releasing in turn
bolts 56 and 35, the core 20 end turn suppOtts 24 and end
shaft fittings 16, 18 can be freed to accomplish cleaning
20 reworking or replacement of parts. _
| Precise alignment of the core end turn
supports and end shaft fittings'during reassembly is
assured by the bolts 35, 56. '
| Because bolts 35, 56 and the receiving bores
25 32, 54 are machined to close tolerances, air gaps are
minimized so that little'distuption of the magnetic path
occurs. Generator efficiency is further enhanced by the .
use of bolts with high magnetic permeability which
accounts for reduced magneticlloss in the rotor.



20  reworking or replacenent of parts. Precise atignment of the core end .
-turn supports and end shaft fittings during reas ' by the-
bolts &5, %6. Because bolts 35, 56 and the recei iﬂmmﬂimﬂmﬂmﬂ 32, 54 *
A néd to close tolerances, air gaps are m s little
di srunt/gy of the magnetic path occurs. Generator efficiency is further
enhanced by the use of bolts. with high UPQPQIiC pernmeabi l ity which accountg
for reduced magnetic loss in the rotor. CLAI MS: 1. A et hod for
sequential |y GLAIMENg up a rotor for an electric nmachine conprising the
steps of: renpvabl i ' '5§g§¥j : axi.al
rotary 'rragne'?il)b co%_eﬁetg%gej {Er?]be@aé%%%. su aée%f%égﬁ 2rsrgcr% %:L%é)cg héorco?% _
subassenbl y t®leRicie thrchine eampris ing R ratePs «Hving the turn supports

fromthe core; preamcidBlyrateddtindad tedid tdupd ¢ €oCdadh dhfaEnésqy 19 of

the core fubassengl¥' MIéH“n and assenbélgg each of the turn supports

Wi th one bf thefShaFy MAIHSHE RRERI g Ehans| ynearey s Aed

shaft fittingsadhirefigecthentobengubssemblyditsasmetibhi nhet oo rehadrnid fththngs

and turn SUppﬁ\F;&%T'r{;,attachi ng the turn supports at the ends of the
y

core; and reno dttaching a shaft fitting at each end of the core
subassenbly; 20 removdng cifye tuwn ranpports m cbhi |goreli sassenmbl ed for

providing an axial shaft fitting for each of the ends
10 of the core subassémbly;
aligning and assembling each of the turn supports with

one of the shaft fittings: _ : d
machining the aligned turn supports and shaft fittings

to effect matching; o S '

15 disassembling the shaft fittings and turn supports:
o reattaching the turn supports at the ends of the

core; and _ |
removably attaching a shaft fitting at each end of the

core subassembly: _ '

.20 whereby the .rotor c¢ar he 1eadily disassembled for
reworking and reassembled with the alignment of the core.
turn supports and shaft fittings precisely maintained.

2. 2 method accoraing to claim 1, wherein a subsequent i;)

25 machining operation is performed after the shaft fittings
‘are attached at the ends of the core subassembly to make
the rotor a finished size.

3. A method according to claim 1 or claim 2, wherein each

30 turn support is-removably attached to the core by at least
one bolt extending axially through the turn support and
into the core. ' -



L

rewor ki ng. and reassenbled with the aIignneﬁf*BT“Fﬁé‘Cofer~LuLn supports and

shaft* fittings precisely imintained. 2. cording to claim1,
Wherei n a subsequent 25 machi ni ng operati on Im, ?ﬂ"fr the s '
~fittings are attached at the ends of the corersu make e or

a finished size. 3. A met hod according to claiml or clai'm2, wh
edch 30 turn support is renovably attached to the core by at |eas
bolt extending axially through the turn stBoFt and into the core. 4,

A net hod accor di.ng. Aomethofr acediding| abnanpepeecedind shain whétéhg éach.

attached to th e & se L. b e I i al
t hrough the sthggh tﬁl{%’gﬁgt E?%ﬁga?ﬁgﬁch&?ga?%r %ﬂgupc'gaoé ghgggﬁggb?ﬁe%go?/%tf S
S. A net hod 3eastdpng boltingxperdiéngngx tahivh thnenghi bhetshatt chivting,

providing a cykhpghiRahnSEREYEu LY ChybPEr€OhRa SIRESSERD! Yopbler the shaft
fittings are attachgd at the e%ds o?ﬁ?ﬁe core subassenbly. 10 6. A et hod
accordi ng fo claim3 or claim4. wherein the bolts are made froma materia

having a hi gh sagneta cmgehoBaltbbtdihgr thoWnBPraidedimfclaim, including -
the step of providing a cylindrical sleeve over the core
subassembly after the shaft fittings z1e attached at the

ends o6f the core subassembly.
10 _ _
K,} 6. A method according to claim 3 or claim 4, wherein the
bolts are made from a material having a high magnetic

permeability for low magnetic loss.




