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Description 

Background 
This  invention  is  directed  to  a  precision  coining 

method  particularly  useful  in  coining  the  slow- 
wave  structure  of  a  traveling-wave  tube  and  to  the 
resulting  coined  helix  assembly. 

In  electron  beam  tubes  of  the  traveling-wave 
type,  a  stream  of  electrons  in  an  electron  beam  is 
caused  to  interact  with  a  propagating  electro- 
magnetic  wave  in  a  manner  which  amplifies  the 
electromagnetic  wave  energy.  In  order  to  achieve 
the  desired  interaction,  the  electromagnetic  wave 
is  propagated  along  a  slow-wave  structure,  such 
as  an  electrically  conductive  helix  wound  around 
the  path  of  the  electron  beam.  The  slow-wave 
structure  provides  a  path  of  propagation  for  the 
magnetic  wave  which  is  considerably  longer  than 
the  axial  length  of  the  structure  so  that  the  travel- 
ing  wave  may  be  made  to  effectively  propagate  at 
nearly  the  velocity  of  the  stream  of  electrons  in  the 
electron  beam.  Slow-wave  structures  of  the  helix 
type  are  usually  supported  within  an  encasing 
barrel  by  means  of  a  plurality  of  (usually  three) 
equally  circumferentially  spaced  electrically  in- 
sulating  rods  positioned  around  the  helix  and 
within  the  barrel. 

One  prior  method  of  mounting  the  helix  with 
its  slow-wave  structure  and  support  rods  within 
the  barrel  has  been  to  triangulate  the  barrel.  Initi- 
ally  the  barrel  is  circular  in  section  and  it  is  there- 
upon  distorted  by  applying  forces  to  three  points 
around  its  circumference  to  alter  its  section  from 
circular  toward  triangular.  When  distorted  in  that 
manner,  the  helical  slow-wave  structure  with  its 
support  rods  is  inserted  into  the  distorted  barrel. 
Upon  removal  of  the  distorting  force,  the  barrel 
resiliently  returns  toward  its  original  shape  and,  in 
doing  so,  compresses  the  rods  and  the  slow-wave 
structure  into  a  rigid  assembly.  This  is  described  in 
U.S.  patent  2,943,228  to  Bernard  Kleinman.  An 
improvement  thereon  is  disclosed  in  U.S.  patent 
3,51  4,843  to  George  Cernik. 

Another  way  of  achieving  the  compressed  helix 
assembly  is  to  mount  the  support  rods  on  the  helix 
of  the  slow-wave  structure  and  retain  that  portion 
at  room  temperature  or  below.  The  metallic  barrel 
has  an  initial  inside  diameter  which  is  smaller  than 
the  circumscribing  circle  around  the  support  rods 
so  that,  if  assembled  with  those  dimensions,  there 
would  be  an  interference  fit.  The  barrel  is  heated 
and  it  is  made  of  a  material,  such  as  copper,  which 
expands  upon  heating.  When  an  inside  diameter  is 
reached  which  is  sufficiently  large  to  receive  the 
helix  with  its  support  rods,  the  helix  and  its  support 
rods  are  inserted  therein.  Upon  cooling,  the  barrel 
reduces  in  size  to  embrace  the  helix  with  its  sup- 
port  rods  in  an  interference  fit. 

Increasing  frequency  and  reduction  in  wave- 
length  at  which  the  traveling-wave  tubes  operate 
have  resulted  in  requirements  for  smaller  slow- 
wave  structures.  The  above-described  methods 
for  securing  the  slow-wave  structure  in  its  barrel 
are  useful  when  the  structures  are  of  larger  size. 
However,  with  reduction  in  size  due  to  shorter 

wavelength,  the  prior  assembly  methods  of  trian- 
gulation  and  heat  shrinking  have  not  been  com- 
pletely  satisfactory  for  assembling  the  helical 
slow-wave  structure  and  its  support  rods  into  the 

5  barrel. 

Summary 
In  order  to  aid  in  the  understanding  of  this  in- 

vention,  it  can  be  stated  in  essentially  summary 
10  form  that  it  is  directed  to  a  precision  helical  slow- 

wave  structure  carrying  its  support  rods  is  inserted 
into  a  tubular  barrel  having  an  internal  diameter 
greater  than  the  circumscribing  circle  around  the 
support  rods.  After  insertion,  the  barrel  is  inserted 

15  into  a  press  having  suitable  dies  and  the  barrel  is 
malleably  deformed  to  reduce  the  inside  diameter 
to  embrace  the  rods  on  the  helical  slow-wave 
structure  in  an  interference  fit. 

It  is,  thus,  a  purpose  and  advantage  of  this  in- 
20  vention  to  provide  a  method  whereby  a  helical 

•  slow-wave  structure  with  its  support  rods  can  be 
engaged  in  its  barrel  with  an  interference  fit,  esp- 
ecially  in  small  sizes  required  for  high  frequency. 

It  is  a  further  purpose  and  advantage  of  this  in- 
25  vention  to  provide  a  coined  assembly  wherein  a 

malleable  metal  barrel  is  coined  around  a  helix  with 
its  support  rods  to  embrace  the  support  rods  and 
engage  them  with  an  interference  fit. 

It  is  a  further  purpose  and  advantage  of  this  in- 
30  vention  to  provide  a  method  by  which  a  helical 

slow-wave  structure  with  its  support  rods  can  be 
engaged  in  a  metallic  barrel  with  an  interference  fit 
where  the  barrel  initially  has  an  inside  diameter 
larger  than  the  circumscribing  circle  around  the 

35  support  rods  and  is  thereafter  coined  in  a  die  to 
embrace  the  support  rods  with  an  interference  fit. 

Other  purposes  and  advantages  of  this  invention 
will  become  apparent  from  a  study  of  the  following 
portion  of  the  specification,  the  claims  and  the 

40  attached  drawings. 

Brief  Description  of  the  Drawings 
Figure  1  is  an  isometric  view  of  the  helical  slow- 

wave  structure  with  its  attached  support  rods  go- 
45  ing  into  the  barrel. 

Figure  2  shows  the  assembly  between  dies,  with 
closure  of  the  dies  about  to  malleably  coin  the  bar- 
rel  around  the  helical  slow-wave  structure  and  its 
support  rods  for  an  interference  fit. 

50  Figure  3  is  an  end  view  of  the  assembly  after 
coining,  showing  the  finished  assembly  and  its  in- 
terference  fit. 

Description  of  the  Preferred  Embodiment 
55  Helical  slow-wave  structure  1  0  is  shown  in  Fig- 

ures  1  ,  2  and  3.  The  slow-wave  structure  is  made 
of  a  rectangular  metal  ribbon,  usually  tungsten, 
wound  into  a  helix  to  define  an  interior  passage 
through  which  the  electron  beam  passes.  The 

so  passage  for  the  electron  beam  is  of  circular  section. 
The  external  surface  of  the  helix  1  0  is  also  of  cir- 
cular  section.  The  helix  is  straight.  In  orderto  main- 
tain  the  helix  of  the  slow-wave  structure  10  in 
position,  it  is  supported  by  three  support  rods  1  2, 

65  14  and  1  6.  The  support  rods  are  made  of  dielectric 
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naterial,  and  beryllium  oxide  ceramic  material  is 
oreferred.  The  support  rods  are  in  the  forms  of  right 
circular  solid  cylinders.  The  support  rods  lie 
around  slow-wave  structure  1  0  to  be  spaced  at 
squal  angles.  Thus,  the  support  rods  1  2,  1  4  and  1  6 
are  spaced  120  degrees  apart  around  the  axis 
through  the  center  of  the  slow-wave  structure.  The 
support  rods  are  attached  to  the  slow-wave  struc- 
ture  by  means  of  dielectric  glue.  The  glue  is  illu- 
strated  in  Figure  2  where  glue  spot  1  8  is  specific- 
ally  identified  as  attaching  support  rod  1  2  to  slow- 
wave  structure  1  0.  The  support  rods  are  glued  to 
the  slow-wave  structure  in  a  fixture  so  as  to  create 
a  subassembly  which  is  sufficiently  strong  for 
handling.  Methyl  methacrylate  is  preferred  as  the 
glue  material. 

Barrel  20  is  a  metallic  tube  in  the  form  of  a  right 
circular  cylindrical  tube.  It  is  made  of  malleable 
metal,  such  as  oxygen-free  high  conductivity 
copper.  For  a  slow-wave  structure  suitable  for  use 
in  the  range  from  43  to  46  gigahertz,  the  barrel  20 
has  an  initial  outside  diameter  of  2.738  mm 
(0.1078  inch)  and  an  initial  inside  diameter  of 
its  inner  cylindrical  surface  22  of  1.778  mm 
(0.0700  inch).  The  circumscribing  circle  around 
the  support  rods  1  2,  1  4  and  1  6  provides  a  diametri- 
cal  clearance  within  the  barrel  of  0.0178  mm 
(0.0007  inch)  so  that  the  circumscribing  circle 
is  1.760  mm  (0.0693  inch).  While  both  the  sub- 
assembly  and  the  barrel  are  at  room  temperature, 
the  subassembly  is  inserted  into  the  barrel.  This 
step  is  shown  in  Figure  1  . 

After  the  subassembly  is  properly  positioned  in 
the  barrel,  the  barrel  is  squeezed  between  dies  to 
malleably  deform  and  coin  the  barrel  around  the 
subassembly.  Figure  2  shows  upper  and  lower 
dies  24  and  26  which  respectively  have  upper 
and  lower  cavities  28  and  30  facing  each  other. 
The  cavities  28  and  30  form  a  right  circular  cylin- 
der  when  the  dies  are  closed  together,  with  the 
parting  line  lying  on  the  axis  of  the  cylinder.  The 
diameter  of  the  cavity,  when  closed,  is  2.71  8  mm 
(0.1070  inch). 

As  the  next  step,  the  subassembly  and  barrel  are 
placed  in  the  open  die  and  the  die  is  closed.  The 
closing  of  the  die  coins  and  malleably  deforms  the 
barrel  around  the  subassembly  to  squeeze  the  bar- 
rel  around  the  subassembly.  The  squeezing  of  the 
barrel  closes  down  the  ceramic  rods,  which  have  a 
high  modulus,  and  this  positioning  resiliently  de- 
forms  the  metallic  helix  1  0.  The  distortion  is  over- 
shown  in  Figure  3  for  emphasis.  The  resiliency  of 
the  metallic  helix  1  0  maintains  the  stress  over  nor- 
mal  temperature  cycling.  After  the  die  closing  and 
squeezing  is  complete,  the  outside  diameter  of  the 
barrel  is  2.718  mm  (0.1070  inch)  to  2.720  mm 
(0.1071  inch).  After  squeezing,  there  is  about 
0.0152  mm  (0.0006  inch)  interference  between 
the  now  smaller  inner  surface  32  and  the  support 
rods  12,  14  and  16.  This  interference  is  seen  in 
Figure  3.  Figure  3  is  a  view  of  the  completed  as- 
sembly. 

After  removal  from  the  die,  the  completed  as- 
sembly  of  Figure  3  is  flushed  with  hot  acetone  to 
remove  the  methyl  methacrylate  glue.  Thereupon, 

the  assembly  is  placed  into  the  traveling-wave 
tube.  The  large  contact  area  between  the  support 
rods  and  the  barrel  is  necessary  for  proper  heat 
transfer  out  away  from  the  slow-wave  structure.  In 
addition,  the  stressed  electromagnetic  provides 
force  on  the  rods  to  maintain  the  helical  slow- 
wave  structure  in  place,  upon  its  proper  axis. 
Through  the  use  of  this  precision  coining  method, 
a  coined  helix  assembly  is  produced  in  small  sizes 
which  cannot  be  produced  by  prior  conventional 
methods.  The  plastically  deformed  copper  barrel 
provides  precision  placement  of  the  slow-wave 
structure  and  proper  compression  of  the  support 
rods  onto  the  helix  of  the  slow-  wave  structure  so 
that  the  compressed  helix  maintains  the  return 
force  over  temperature  cycling.  The  process  is  fast 
and  accurate  so  that  increased  yield  is  achieved.  In 
addition,  the  small  sizes  are  now  producible  with 
accuracy. 

The  compression  of  the  barrel  and  the  slow- 
wave  structure  with  its  supporting  rods  therein  is 
controlled  by  employing  dies  having  the  desired 
cavity  diameter,  in  accordance  with  the  size  of  the 
parts.  An  adequate  length  can  be  readily  achieved. 
The  sizes  given  are  to  provide  a  specific  example  of 
the  process  and  article.  Other  sizes  and  shapes  can 
be  produced  by  employing  different  starting  parts 
and  dies.  Such  are  within  the  scope  of  this  inven- 
tion. 

This  invention  has  been  described  in  its  present- 
ly  contemplated  best  mode,  and  it  is  clear  that  it  is 
susceptible  to  numerous  modifications,  modes 
and  embodiments  within  the  ability  of  those  skilled 
in  the  art  and  without  the  exercise  of  the  inventive 
faculty.  Accordingly,  the  scope  of  this  invention  is 
defined  by  the  scope  of  the  following  claims. 

Claims 

1  .  The  method  of  securing  a  slow-wave  struc- 
ture  in  the  barrel  of  a  traveling-wave  tube  compris- 
ing  the  steps  of: 

mounting  a  helical  slow-wave  structure  (10) 
between  at  least  three  support  rods  (12,  14  ,16) 
having  a  circumscribing  circular  dimension; 

placing  the  helical  slow-wave  structure  with  its 
support  rods  into  a  tubular  barrel  (20)  having  an 
interior  diameter  greater  than  the  diameter  of  said 
circumscribing  circular  dimension; 

inserting  the  tubular  barrel  within  a  die  (24,  26) 
having  opposing  faces  (28,  30)  which  when  the 
die  is  closed  define  a  right  circular  cylinder  of  a 
diameter  slightly  less  than  the  initial  outer  diameter 
of  the  barrel;  and 

closing  the  die  to  directly  coin  the  barrel  around 
the  support  rods  such  that  the  interior  size  of  the 
barrel  is  reduced  to  a  diameter  less  than  that  of  said 
circumscribing  circular  dimension  to  engage  the 
support  rods  which  in  turn  resiliently  compress 
and  deform  the  helical  slow-wave  structure  such 
that  the  compressed  helical  slow-wave  structure 
maintains  a  return  force  on  the  rods  to  firmly  hold 
the  helical  slow-wave  structure  and  the  support 
rods  within  the  barrel. 

3 
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2.  The  method  of  Claim  1  including  the  pre- 
liminary  step  of: 

attaching  the  rods  to  the  helical  slow-wave 
structure  by  means  of  gluing  before  insertion  of  the 
helical  slow-wave  structure  and  the  rods  into  the 
barrel. 

3.  The  method  of  Claim  2  further  including,  af- 
ter  the  coining  step,  the  step  of: 

removing  the  glue  from  between  the  helical 
slow-wave  structure  and  the  rods. 

4.  A  coined  helix  assembly  for  the  traveling- 
wave  tube  fabricated  according  to  the  method  of 
any  of  the  preceding  claims. 

5.  The  assembly  of  Claim  4  wherein  the  helical 
slow-wave  structure  is  of  tungsten. 

6.  The  assembly  of  Claim  5  wherein  the  support 
rods  are  of  ceramic  material. 

7.  The  assembly  of  Claim  6  wherein  the  barrel  is 
principally  of  copper. 

Pa ten tanspruche  

1  .  Verfahren  zum  Befestigen  einer  Struktur  fur 
langsame  Wellen  in  einem  Zylinder  einer  Wander- 
wellenrohre,  mit  den  Schritten: 

Montieren  einer  helischen  Struktur  (10)  fur 
langsame  Wellen  zwischen  wenigstens  drei  Tra- 
gerstaben  (12,  14,  16)  mit  kreisformig  begrenzten 
Abmessungen; 

Anordnen  der  helischen  Struktur  fur  langsame 
Wellen  mit  den  Tragerstaben  in  einem  rohrenfor- 
migen  Zylinder  (20)  mit  einem  inneren  Durchmes- 
ser,  der  grosser  ist  als  der  Durchmesser  der  kreis- 
formig  begrenzten  Abmessung; 

Einfugen  des  rohrenformigen  Zylinders  in  einen 
Stempel  (24;  26)  mit  gegenuberliegenden  Fla- 
chen  (28,  30),  die,  wenn  der  Stempel  geschlossen 
ist,  einen  geraden  Kreiszylinder  definieren,  dessen 
Durchmesser  geringfugig  geringer  ist,  als  der  ur- 
sprungliche  aussere  Durchmesser  des  Zylinders; 
und 

Schliessen  des  Stempels,  urn  den  Zylinder  direkt 
um  die  Tragerstabe  zu  pressen,  so  dass  die  innere 
Grosse  des  Zylinders  zu  einem  Durchmesser  redu- 
ziert  wird,  der  kleiner  ist  als  die  kreisformig  be- 
grenzte  Abmessung,  um  die  Tragerstabe  zu  um- 
schliessen,  die  ihrerseits  die  Struktur  fur  langsame 
Wellen  elastisch  zusammenpressen  und  deformie- 
ren,  so  dass  die  zusammengepresste  helische 
Struktur  fur  langsame  Wellen  eine  Ruckstellkraft 
auf  die  Stabe  ausubt,  um  die  helische  Struktur  fur 
langsame  Wellen  und  die  Tragerstabe  innerhalb 
des  Zylinders  festzuhalten. 

2.  Das  Verfahren  nach  Anspruch  1,  das  ferner 
den  einleitenden  Schritt  beinhaltet: 

Anheften  der  Stabe  an  die  helische  Struktur  fur 
langsame  Wellen  mittels  Kleben,  bevor  die  heli- 
sche  Struktur  fur  langsame  Wellen  und  die  Stabe 
in  dem  Zylinder  eingefuhrt  werden. 

3.  Das  Verfahren  nach  Anspruch  2,  das  ferner 
nach  dem  Pressschritt  den  Schritt  beinhaltet: 

Entfernen  des  Klebstoffs  zwischen  der  helischen 
Wellenstruktur  und  den  Staben. 

4.  Ein  gepresster  Helixaufbau  fur  die  Wander- 
wellenrohre,  hergestellt  nach  dem  Verfahren  ge- 
mass  einem  der  vorangegangenen  Anspruche. 

5.  Der  Aufbau  nach  Anspruch  4,  worin  die  heli- 
5  sche  Struktur  fur  langsame  Wellen  aus  Wolfram  ist. 

6.  Der  Aufbau  nach  Anspruch  5,  worin  die  Tra- 
gerstabe  aus  einem  keramischen  Material  sind. 

7.  Der  Aufbau  nach  Anspruch  6,  worin  der  Zy- 
linder  im  wesentlichen  aus  Kupfer  ist. 

Revendications 

1.  Procede  de  fixation  d'une  structure  a  ondes 
15  lentes  dans  le  corps  d'un  tube  a  ondes  progressi- 

ves,  comprenant  les  etapes  qui  consistent: 
a  monter  une  structure  helicoidale  (1  0)  a  ondes 

lentes  entreau  moinstrois  barreaux  (1  2,  14,  16)  de 
support  ayant  une  dimension  circulaire  circonscri- 

20  vante, 
a  placer  la  structure  helicoidale  a  ondes  lentes 

avec  ses  barreaux  de  support  dans  un  corps  tubu- 
laire  (20)  ayant  un  diametre  interieur  plus  grand 
que  le  diametre  de  ladite  dimension  circulaire  cir- 

25  conscrivante; 
a  inserer  le  corps  tubulaire  dans  unematrice  (24, 

26)  presentant  des  faces  opposees  (28,  30)  qui, 
lorsque  la  matrice  est  fermee,  definissent  un  cylin- 
dre  circulaire  droit  d'un  diametre  legerement  infe- 

30  rieur  au  diametre  exterieur  initial  du  corps;  et 
a  fermer  la  matrice  pour  estamper  directement  le 

corps  autour  des  barreaux  de  support  afin  que  la 
dimension  interieure  du  corps  soit  reduite  a  un  dia- 
metre  inferieur  a  celui  de  ladite  dimension  circu- 

35  laire  circonscrivante  pour  entrer  en  contact  avec 
les  barreaux  de  support  qui,  par  suite,  compriment 
et  determent  elastiquement  la  structure  helicoidale 
comprimee  a  ondes  lentes  afin  que  la  structure  he- 
licoTdale  a  ondes  lentes  maintienne  une  force  de 

40  rappel  sur  les  barreaux  pour  maintenir  fermement 
la  structure  helicoidale  a  ondes  lentes  et  les  bar- 
reaux  de  support  a  I'interieur  du  corps. 

2.  Procede  selon  la  revendication  1,  compre- 
nant  I'etape  preliminaire  qui  consiste: 

45  a  attacher  les  barreaux  a  la  structure  helicoidale 
a  ondes  lentes  au  moyen  d'un  collage  avant  I'inser- 
tion  de  la  structure  helicoidale  a  ondes  lentes  et 
des  barreaux  dans  le  corps. 

3.  Procede  selon  la  revendication  2,  compre- 
ss  nant  en  outre,  apres  I'etape  d'estampage,  I'etape 

qui  consiste: 
a  enlever  la  colle  d'entre  la  structure  helicoidale 

a  ondes  lentes  et  les  barreaux. 
4.  Ensemble  a  helice  estampe  pour  le  tube  a  on- 

55  des  progressives  fabrique  conformement  au  pro- 
cede  selon  I'une  quelconque  des  revendications 
precedentes. 

5.  Ensemble  selon  la  revendication  4,  dans  le- 
quel  la  structure  helicoTdale  a  ondes  lentes  est  en 

60  tungstene. 
6.  Ensemble  selon  la  revendication  5,  dans  le- 

quel  les  barreaux  de  support  sont  en  matiere  cera- 
mique. 

7.  Ensemble  selon  la  revendication  6,  dans  le- 
65  quel  le  corps  est  principalement  en  cuivre. 
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