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Description 

This  invention  is  concerned  with  knitted  hosiery  for  men,  women  and  children.  The  invention  is  directed 
specif  ically  to  socks  having  a  leg  length  not  extending  above  the  mid-calf  part  of  the  human  leg  when  in  normal 

5  position  (position  of  minimum  energy)  during  wear.  Included  in  this  category  of  socks  are  items  known  as  "short 
socks",  "ankle  socks",  "anklets",  "half  hose",  "crew  socks",  "below-t  he-calf  socks",  "mid-calf  socks". 

Hereinafter  the  term  "socks"  will  mean  knitted  garments  for  clothing  the  foot  and  leg  that  do  not  extend 
above  the  mid-calf  of  the  leg  of  the  wearer  when  in  the  normal  wearing  position  and  composed  of  a  fabric  having 
less  than  about  105  stitches  per  square  centimetre  (700  stitches  per  square  inch)  when  measured  fully  stretch- 

10  ed  in  course  and  wale  directions  and  at  standard  conditions  for  testing  textiles. 
In  the  period,  prior  to  approximately  1935,  socks,  as  distinct  from  stockings  which  reached  over  the  knee, 

were  chiefly  of  a  length  reaching  to  the  wearer's  knee,  or  else  to  the  mid-calf  part  of  the  wearer's  leg,  the  latter 
being  known  as  "half-hose".  In  order  to  restrain  the  leg  of  the  knee  length  socks  from  slipping  down  a  wearer's 
leg  whilst  walking,  circular  garters  generally  made  from  rubber  elastic  braid  were  used.  The  leg  of  the  half- 

is  hose  type  of  sock  was  restrained  from  slipping  by  suspenders,  attached  to  the  wearer's  leg  between  the  knee 
and  calf  muscle,  and  clipped  to  the  top  of  the  leg  of  the  sock. 

Approximately  forty  to  fifty  years  ago  technology  was  developed  for  the  laying  of  rubber  elastic  thread 
into  the  stitches  of  knitted  fabric,  and  this  technology  was  used  to  produce  socks  with  such  thread  laid  into  a 
number  of  knitted  courses  at  the  top  of  the  leg  of  socks.  The  thread  so  laid  into  the  knitted  fabric  constituted 

20  an  elastic  band  at  the  top  portion  of  a  sock  leg,  and  in  reference  to  it  the  term  "elastic  top"  is  commonly  used. 
The  purpose  of  the  elastic  top  was  the  incorporation  within  the  sock  of  means  of  restraining  the  leg  portion 

from  slipping  down  a  wearer's  leg  during  walking,  thus  eliminating  the  need  to  have  extraneous  means  of  re- 
straint  as  described  above.  The  elastic  top  in  a  below-t  he-calf  sock  is  stretched  when  initially  placed  on  the 
leg  and  thus  grips  the  leg  of  a  wearer.  Aftera  period  of  wearing,  during  which  the  wearer  walks  with  a  normal 

25  gait  and  velocity  of  leg,  it  is  usuel  for  a  sock  to  progressively  slip  down  the  wearer's  leg,  forming  wrinkles  in 
the  fabric  of  the  lower  part  of  the  leg  of  the  sock.  This  slippage  commonly  occurs  even  when  the  elastic  top 
exerts  pressure  on  the  leg  od  such  magnitude  as  to  cause  temporary  skin  indentation  and  irritation. 

It  is  the  purpose  of  the  present  invention  to  provide  socks,  with  leg  length  not  extending  above  the  mid- 
calf  position  of  wearer's  legs,  and  which  exhibit  superior  resistance  to  slipping  down  wearer's  legs  during  walk- 

30  ing  also  causing  minimal  and  generally  negligible  skin  indentation  or  skin  irritation. 
It  is  recognized  that  the  part  of  the  human  leg,  from  the  location  of  mid-calf  to  the  location  of  minimum 

circumference,  is  approximately  the  shape  of  an  inverted  truncated  cone.  When  a  sock  is  drawn  on  to  the  leg 
of  a  wearer  and  located  in  a  normal  position  for  wear,  the  fabric  of  the  leg  portion  of  the  sock  usually  exerts 
a  pressure  on  the  leg  of  the  wearer  and  this  sock-to-leg  pressure  will  generally  vary  according  to  position  be- 

35  tween  the  two  locations  referred  to  above.  The  pressures  are  exerted  as  a  consequence  of  the  varying  cir- 
cumferential  extentions  giving  rise  to  varying  circumferencial  tensions  within  the  fabric  of  the  leg  of  a  sock. 

At  any  one  place  between  the  two  locations  indicated  above  (mid-calf  and  minimum  leg  circumference), 
the  force  exerted  by  the  fabric  on  to  the  leg  in  a  circumferencial  plane  is,  by  virtue  of  the  shape  of  the  leg,  not 
normal  to  the  leg  surface.  It  may,  therefore,  be  resolved  into  two  components,  one  being  normal  to  the  leg 

40  surface  and  the  other  one  downwards  along  the  leg  surface,  a  fact  to  which  reference  is  made  hereinafter. 
When  a  sock  is  first  donned  by  a  wearer,  and  the  top  margin  pulled  some  distance  up  the  leg,  its  leg  fabric 

is  usually  in  a  stretched  state  through  tension  being  applied  in  the  action.  The  individual  stitches  are  in  an  elon- 
gated  and  stretched  condition.  When  the  wearer  starts  to  flex  a  leg  and  move  it  gently  the  stretched  stitches 
will  change  from  their  elongated  to  a  more  rounded  form.  This  form  approximates  to  an  equilibrium  position 

45  for  a  leg  in  gentle  movement. 
When  the  wearer  commences  prolonged  walking  whether  continuous  or  intermittent,  two  main  groups  of 

forces  are  acting  on  the  leg  fabric.  In  the  first  group  are  those  which  favour  slipping  of  the  leg  fabric  down  the 
wearer's  leg  accompanied  by  wrinkling  (or  buckling)  of  the  fabric,  while  in  the  second  group  are  those  forces 
which  resist  slipping  and  wrinkling  of  the  leg  fabric. 

so  For  a  leg  involved  in  the  motion  of  walking  the  chief  pro-slip  forces  are:- 
(a)  That  component  of  the  force  exerted  by  the  leg  fabric  acting  downwards  along  the  surface  of  the  leg. 
(b)  That  component  of  the  gravitational  force  acting  on  the  mass  of  the  leg  fabric  parallel  to  the  surface 
of  the  leg, 
(c)  That  component  of  the  force  resulting  from  the  momentum  of  the  sock  fabric,  the  velocity  of  which 

55  changes  each  time  the  wearer's  foot  touches  the  ground. 
(d)  That  resulting  from  the  friction  between  the  leg  fabric  and  the  skin  of  the  wearer, 
(e)  That  arising  from  the  fabric  below  any  portion  which  is  tending  to  slip  and  which  is  due  to  resistance 
to  displacement  as  regards  location  that  is,  slipping  downwards,  or  to  configuration,  that  is,  to  wrinkling. 
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If  the  sum  of  the  forces  "a",  "b"  and  "c"  is  greater  than  the  sum  of  the  forces  "d"  and  "e"  in  any  portion  of 
the  leg  fabric  then  conditions  exist  for  the  fabric  to  slip  down  the  leg.  This  slipping  will  continue  until  conditions 
change  to  make  the  sums  of  the  two  groups  of  forces  equal  at  which  stage  further  slipping  and  wrinkling  do 

5  not  occur. 
In  constructing  a  sock  in  which  the  leg  fabric  will  not  slip  down  the  leg  from  the  position  of  equilibrium  de- 

scribed  above,  it  is  necessary  to  ensure  that  the  sum  of  the  forces  "a",  "b"  and  "c"  is  less  than  the  sum  of  the 
forces  "d"  and  "e"  by  minimizing  the  magnitude  of  the  pro-slip  forces  and  maximizing  the  magnitude  of  the  con- 
tra-slip  forces. 

10  It  has  been  discovered  that  by  varying  in  a  selected  manner  the  circumferential  tensions  of  the  leg  fabric 
of  the  socks  and  accordingly  the  fabric-to-leg  presure,  there  can  result  socks  in  which  the  leg  portion  resists 
slipping  down  the  wearer's  legs  during  walking. 

The  present  invention  relates  to  a  knitted  sock  according  to  claim  1 
It  has  been  found  that  a  leg  fabric  which  resists  slipping  down  a  wearer's  leg  can  be  constructed  initially 

15  by  providing  a  portion  of  fabric  around  the  place  where  the  leg  has  minimum  circumference  and  extending  it 
down  to  the  ankle  joint. 

This  portion  of  fabric  has  moderate  to  high  circumferential  tension  whilst  on  the  leg  and,  therefore,  mod- 
erate  to  high  fabric-to-leg  pressure.  Then  there  is  required  a  decreasing  of  the  circumferencial  tension  and  fab- 
ric-to-leg  pressure  at  a  selected  and  relatively  rapid  rate  whilst  proceeding  from  the  region  of  minimum  leg  cir- 

20  cumference  to  the  top  margin  of  the  sock. 
The  ability  of  a  sock  of  such  construction  to  resist  slipping  down  the  leg  of  a  wearer  may  be  explained  by 

considering  the  leg  of  the  sock  as  a  series  of  bands  of  fabric  (as  illustrated  in  Figure  1). 
The  portion  of  fabric  at  the  minimum  leg  circumference  (band  1)  and  extending  down  to  the  ankle  joint  is 

located  on  an  approximately  conical  shaped  section  of  the  wearer's  leg  and,  therefore,  the  circumferencial  fab- 
25  ric  tension  has  a  force  component  'parallel'  to  the  leg  surface  tending  to  push  the  fabric  upwards.  Thus  the 

position  of  fabric  at  the  minimum  leg  circumference  possesses  an  added  ability  to  resist  displacement  down- 
wards.  Frictional  resistance  is  also  present. 

Forthe  narrow  band  of  fabric  (2)  in  Figure  1  to  be  able  to  slip  downwards,  it  must  eitherdisplace  downwards 
the  fabric  band  (1)  or  cause  this  band  to  form  a  wrinkled  or  buckled  section  (x).  Fabric  band  (1)  resists  slipping 

30  downwards  as  already  explained,  however. 
It  should  be  noted  that  the  action  of  the  leg  fabric  of  a  sock  becoming  wrinkled  involves  an  increase  in 

fabric  circumference  and,  therefore,  an  increase  in  circumferential  tension  in  the  wrinkled  fabric,  thus  incipient 
buckling  or  micro-wrinkling,  should  it  occur,  will  contribute  to  the  contra-slip  forces  to  resist  slippage  of  band 
(2).  This  contributed  force  would  act  upwards  from  the  wrinkle,  in  the  leg  fabric  and  parallel  to  the  surface  of 

35  the  wearer's  leg.  It  has  been  found  that  with  suitably  selected  values  for  circumferential  tension  in  bands  (1) 
and  (2),  no  slipping  or  wrinkling  or  fabric  occurs  in  wearing  and  walking. 

In  a  similar  way  the  possibility  of  fabric  band  (3)  slipping  and  causing  band  (2)  to  slip  or  wrinkle  can  be 
considered.  With  optimum  selected  values  of  the  circumferential  tension  in  the  respective  bands,  no  slipping 
or  wrinkling  will  occur.  The  whole  of  the  leg  fabric  can  be  considered  in  this  way  and  found  to  be  free  from  slip- 

40  ping  and  wrinkling. 
The  practice  of  using  slowly  varying  fabric-to-leg  pressures  has  been  employed  in  surgical  or  therapeutic 

hosiery,  "leg-support"  or  "support"  stockings,  pantyhose  and  socks.  All  these  articles  are  designed  with  con- 
cern  forthe  blood  circulation  in  the  human  leg  and  from  the  recommended  pressure  differentials  between  mini- 
mum  leg  circumference  and  other  locations  up  the  leg,  it  can  be  calculated  that  the  principle  applying  in  the 

45  more  effective  articles  is  forthe  circumferential  tension  in  the  leg  fabric  of  the  article  on  a  wearer's  leg  to  remain 
substantially  and  approximately  constant  over  the  whole  leg. 

Examples  of  such  an  article  or  therapeutic  hosiery  are  described  in  various  United  States  Patents  which 
state  that  the  compressive  force  is  substantially  uniform  throughout  the  length  of  the  article  when  in  use. 

In  regard  to  the  desirability  of  a  uniform  compressive  or  constrictive  force  in  therapeutic  hosiery  we  would 
50  refer  in  particular  to  USP  2,441  ,443  Col.  5  lines  35  to  44,  and  USP  3,386,270  Col.  1  lines  27  to  59. 

In  other  therapeutic  or  support  hosiery  there  has  been  proposed  variation  in  the  fabric-to-leg  pressure 
along  the  length  of  the  leg,  such  as  in  USP  3,889,494,  howeverthere  is  no  suggestion  that  the  full  length  stock- 
ing  described  has  stay-up  characteristics.  Further  as  there  is  a  substantial  reduction  in  fabric-to-leg  pressure 
in  the  knee  area,  the  portion  of  the  stocking  above  the  knee  would  not  be  non-slipping  in  the  manner  proposed 

55  by  the  present  invention.  It  should  also  be  noted  that  in  the  area  of  the  leg  immediately  above  the  knee  there 
is  a  progressive  increase  in  fabric-to-leg  pressure  while  the  leg  in  this  area  is  progressively  increasing  in  di- 
ameter.  These  two  facts  have  a  cumulative  effect  promoting  downward  slipping  of  the  stocking. 

The  use  of  progressively  increasing  horizontal  constriction  in  the  welt  of  a  stocking  is  proposed  in  USP 
3,392,553  which  is  stated  to  be  applicable  to  both  above  the  knee  and  below  the  knee  stockings  or  stocks. 

3 



EP  0  039  707  B2 

Howeverthe  purpose  of  the  variation  in  the  constriction  is  stated  to  be  to  achieve  "uniform  or  equal  compressive 
force  against  all  areas  of  contact  with  the  wearer's  leg".  This  is  contrary  to  the  present  invention  and  would 
not  achieve  the  non-slip  property  in  the  manner  of  the  present  invention.  Also  is  must  be  noted  that  it  is  only 

5  proposed  for  the  variation  in  constriction  to  exist  in  the  welt  of  the  stocking  or  sock  which  is  then  merely  an 
elasticized  top  type  stocking  or  sock. 

The  problem  of  constructing  knitted  socks  having  a  leg  part  not  extending  above  the  mid-calf  of  wearer 
which  do  not  slip  down  the  leg  of  the  wearer  is  discussed  in  DE-A-  2  820  480  and  a  solution  proposed  which 
involves  decreasing  the  circumfential  tension  in  the  sock  from  the  ankle  upwards.  However,  DE-A-2  820  480 

10  contains  no  clear  teaching  as  to  how  this  concept  is  to  put  into  practice. 
In  orderto  characterize  the  socks  of  the  present  invention,  and  to  differentiate  them  from  surgical  and  ther- 

apeutic  hosiery,  and  also  from  socks  with  elastic  tops  and  those  with  constant  course  lengths  of  yarn  in  the 
portion  up  to  the  calf,  and  support  socks  tests  for  fabric  pressure  have  been  made. 

Due  to  the  novelty  of  the  concept  of  the  type  of  sock  of  the  present  invention  there  is  no  widely  recognized 
15  or  standard  testing  apparatus  and  method  for  fabric-to-leg  pressure  exerted  by  socks.  It  has  therefore  been 

necessary  to  choose  an  apparatus,  adapt  it  for  use  with  socks  and  develop  a  test  method. 
Of  the  two  widely  recognized  testing  instruments  and  methods  for  leg  support  hosiery  namely  "Support 

Hosiery  Testing  Apparatus  and  Method",  USP  3,975,956  invented  by  Robert  Peel  and  assigned  to  National 
Association  of  Hosiery  Manufacturers  Inc.,  Charlotte,  N.C.  U.S.A.  and  the  "Hatra  Hose  Pressure  Tester",  de- 

20  veloped  by  Hosiery  and  Applied  Trades  Research  Association,  Nottingham,  England  and  manufactured  by  Shir- 
ley  Developments  Ltd.,  Manchester,  England,  both  based  on  the  same  principle  but  differing  in  design,  the 
latter  was  selected  merely  because  it  was  more  readily  adaptable  to  the  testing  of  socks.  It  provides  a  measure 
of  circumferential  fabric  tension  which  can  be  converted  to  fabric-to-leg  pressure  for  leg  locations  having  vary- 
ing  radii  of  curvature. 

25  The  adaptation  of  the  Hatra  Hose  Pressure  Tester  involves  replacing  the  woman's  foot  portion  by  appro- 
priately  larger  ones  for  mens'  socks  and  appropriately  smaller  ones  for  children's  socks  then  extending  the  sus- 
pender  clips  from  the  locations  existing  for  hosiery  of  which  the  legs  extend  above  a  wearer's  calf,  so  as  to  be 
able  to  secure  during  test  various  socks  with  legs  which  extend  to  locations  below  a  wearer's  calf.  Additional 
modification  for  testing  children's  socks  involves  replacement  of  the  fixed  and  removable  arms  by  ones  with 

30  smaller  cross  section. 
For  purposes  of  specif  ication  of  socks  of  the  present  invention  and  control  of  quality  in  manufacture  various 

appropriate  settings  of  the  Hose  Pressure  Tester  have  been  adopted.  For  men's  socks  designed  to  fit  wearers 
of  socks  sizes  10  to  12  inclusive  (foot  length  10  inches  to  12  inches  or  25  cm  to  30  cm  corresponding  to  shoe 
sizes  6  to  10,  -Australian  shoe  sizes  6  to  10  correspond  to  American  sock  sizes  10  to  13,  inclusive-refer  Aus- 

35  tralian  Standard  1923-1976)  the  setting  adopted  was  the  "M"  position  of  the  movable  arm.  When  a  sock  is 
pulled  on  to  the  "V"  formed  by  the  fixed  and  movable  arms,  it  assumes  the  appropriate  configuration  that  it 
would  have  on  the  leg  of  male  wearer  whose  leg  dimensions  are  the  average  for  the  population  within  this 
sock  size  range. 

Since  the  "M"  position  is  the  one  designated  for  women's  surgical,  therapeutic  ans  support  stockings  and 
40  pantyhose  comparison  and  contrast  can  be  made  between  the  pressure  generated  by  these  hosiery  items  at 

various  locations  on  the  leg  and  by  the  socks  of  the  present  invention. 
Furthermore,  since  circumferential  lengths  for  the  average  leg  in  various  populations  requiring  the  one 

sock  size  (men,  women  and  children)  can  be  closely  matched  on  the  Hatra  Hose  Pressure  Tester  (in  original 
or  modified  form)  figures  for  fabric-to-leg  pressures  on  average  legs  are  considered  to  closely  approximate  to 

45  those  obtained  by  use  of  the  Tester. 
The  purpose  of  Table  I  is  to  indicate  the  fabric-to-leg  pressures  applicable  to  all  socks  of  the  present  in- 

vention  and  contrast  these  with  pressure  figures  indicated  in  two  prior  United  States  Patents,  a  recognized 
quality  standard,  a  recommended  quality  standard  ans  also  with  pressure  figures  which  are  typical  of  three 
types  of  men's  socks  of  conventional  type. 

so  it  is  seen  that  socks  of  the  present  invention  differ  markedly  and,  therefore,  belong  to  a  different  class  of 
garment  to  conventional  socks  and  to  surgical,  therapeutic  and  leg-support  hosiery  and  support  socks  and 
are  characterized  by  a  much  greater  decrease  of  fabric-to-leg  pressure  from  the  location  of  minimum  leg  cir- 
cumference  to  mid-calf. 

55 
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Figures  in  each  column  are  fabric-to-leg  pressures  expressed  as  a  percentage  of  the  pressure  at  the  mini- 
num  leg  circumference  of  each  item. 

Ref.  1  USP  Re  25,046  Oct.  3  1961.  Example  111:  Pressure  in  ankle  20  mm  of  mercury,  in  calf  19  mm  and 
i  lower  thigh  18  mm. 

Ref.  2  Technical  Production  Guidelines  for  Two-Way  Stretch  Surgical  Stockings  with  the  Quality  Mark. 
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(Quality  Mark  Association  for  Surgical  Elastic  Stockings,  Hohenstein,  W.  Germany,  1972). 
Ref.  3  Levels  acceptable  for  therapeutic  value:  (Consumer  Bulletin  Sept.,  1972,  pages  32-35,  Consumers 

Research  Inc.,  Washington,  U.S.A.). 
5  Ref.  4  USP  3,386,270  June  4  1968.  From  the  statement  in  this  patent  that  the  compressive  force  on  the 

ankle  (minimum  leg  circumference)  may  be  the  same  as  on  the  remaining  portions  of  the  leg,  it  can  be  deduced 
that  for  a  minimum  leg  circumference  of  24  cm  and  a  mid-calf  circumference  of  35  cm  which  are  the  average 
figures  for  men  wearing  sock  size  6-1  0  (Australian)  that  the  ratio  of  fabric-to-leg  pressures  at  the  two  positions 
is  1  00  to  69. 

10  As  previously  referred  to  in  the  case  of  socks  of  the  present  invention  of  which  the  of  the  legs  is  such  that 
the  marginal  portion  of  the  sock  reaches  a  point  below  the  mid-calf  of  wearer's  legs  when  the  fabric  is  in  the 
normal  position  of  wear,  the  percentage  figure  for  the  minimum  decrease  of  fabric-to-leg  pressure  from  the 
minimum  leg  circumference  to  the  top  marginal  location  will  be  the  same  proportion  of  40%  as  the  distance 
between  the  minimum  leg  circumference  and  top  margin  of  the  sock  is  to  the  distance  between  the  minimum 

15  leg  circumference  and  the  location  of  the  mid-calf  circumference. 
Table  II  illustrates  this  case. 

TABLE  II 
Men's  socks  with  top  margin  of  leg  below  mid-calf  of  wearers 

30 

40 

Fabric  to  leg  pressure 

Decrease  from  value 
Actual  at  minimum  leg 

Location  percentage  circumference 

Minimum  leg  100%  — 

Top  margin  when 
located  at 
distances 
above  minimum 
leg  circum- 
ference  as 
follows  — 

60  mm  89%  maximum  11%  minimum 

90  mm  84%  maximum  15%  minimum 

120  mm  78%  maximum  22%  minimum 

150  mm  72%  maximum  28%  minimum 

180  mm  66%  maximum  34%  minimum 

Mid-calf  60%  maximum  40%  minimum 

45 
As  is  has  been  recognised  that  friction  between  sock  fabric  and  the  wearer's  skin  helps  the  sock  to  resist 

slipping  down  the  leg  as  a  result  of  walking,  then  it  follows  that  fabric-to-leg  pressures  must  be  adequate  to 
give  rise  to  some  useful  frictional  force  even  in  the  upper  parts  of  the  leg  of  the  sock  where  the  fabric  tensions 
may  be  relatively  low. 

so  It  is  common  practice  to  design  a  sock  to  fit  a  range  of  one  or  more  foot  sizes.  Such  foot  sizes  may  be 
designated  by  shoe  size  or  by  foot  length  according  to  the  system  used.  Within  any  range  of  one  or  more  foot 
sizes,  the  contours  of  the  feet  and  legs  of  the  population  of  wearers  vary  and  in  this  particular  case,  those 
portions  of  legs  located  below  the  knee.  The  one  design  of  sock  is,  nevertheless,  expected  to  fit  not  only  wear- 
ers'  feet  of  varying  dimensions  but  also  wearers'  legs  of  varying  dimensions.  Socks  with  the  characteristics 

55  of  this  invention  can  exhibit  resistance  to  slipping  down  wearers'  legs  and  minimal  or  negligible  skin  indentation 
or  skin  irritation  for  a  high  percentage  of  any  population  of  wearers  and  for  selected  values  of  sock  character- 
istics  this  percentage  will  exceed  90%. 

The  performance  in  wear  exhibited  by  the  socks  of  the  present  invention  differs  noticeably,  therefore,  from 
that  of  mid-calf  and  below  the  calf  socks  having  the  prior  known  elastic  tops.  In  these  latter  types  of  percentage 

6 
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of  population  which  finds  resistance  to  slipping  down  the  leg  during  walkingtogether  with  freedom  from  skin 
indentation  and  skin  irritation  may  be  as  low  as  10%.  The  production  of  socks  with  legs  not  extending  above 
the  mid-calf,  without  discrete  elastic  tops,  but  with  an  elastic  yarn  knitted  or  laid  into  the  whole  length  of  the 

5  leg  fabric  with  constant  yarn  length  per  course  does  not  greatly  increase  the  percentage  of  a  population  of 
wearers  with  socks  which  resist  slipping  down  their  legs  during  walking. 

The  required  fabric-to-leg  pressure  of  the  sock  may  be  achieved  by  incorporating  elastic  threads  into  the 
fabric  of  the  sock.  These  threads  may  be  made  either  wholly  or  partly  of  elastomeric  material  and/or  textured 
or  otherwise  processed  polymeric  filament  or  fibre  imparting  elastic  quality  to  the  thread. 

10  The  variation  in  the  pressure  may  be  achieved  by  varying  the  quantity  of  elastic  thread  or  by  varying  the 
tension  in  the  thread  during  the  actual  incorporation  thereof  into  the  fabric.  The  variation  in  tension  may  be 
obtained  by  variation  in  the  form  or  size  of  stitch  used. 

The  behaviourof  the  socks  in  resisting  slippage  down  the  leg  as  a  result  of  walking  is  assisted  by  a  relatively 
high  fabric-to-leg  friction,  such  as  can  be  obtained  with  the  use  of  spun  yarns  in  the  knitted  fabric,  and  partic- 

15  ularly  but  not  necessarily,  spun  yarns  containing  wool  or  cotton. 
Asuitable  knitting  machine  for  production  of  a  sock  according  to  the  present  invention  is  one  in  which  there 

is  the  capability  of  altering  the  length  of  all  or  some  of  the  yarns  fed  (knitted  or  laid)  into  the  knitted  needles 
at  each  knitted  course  or  at  predetermined  intervals  during  the  knitting  of  the  leg  of  the  sock  and/or  varying 
the  feed  pattern  for  yarns.  As  an  example  of  the  second  alternative  a  particular  yarn  may  be  fed  into  the  needles 

20  at  every  course,  every  second  course,  or  not  at  all  (varying  the  yarn  course  density). 
Knitting  machines  may  have  cylinders  varying  in  diameter  from  approximately  21A  inches  (6  cm)  to  approx- 

imately  6  inches  (15.2  cm)  and  may  have  a  number  of  needles  varying  from  36  to  280. 
Fabric  construction  may  be  plain  knit  (also  known  as  single  jersey),  rib  knit  or  jacquard  knit. 
Sock  construction  may  include  a  heel  pocket  knitted  by  a  reciprocating  action,  or  it  may  be  of  a  "tube"  type 

25  without  such  heel  product  and  with  or  without  yarn  knitted  or  laid  into  the  tube  fabric  to  form  a  heel  patch.  Knit- 
ting  yarns  employed  in  the  production  of  the  sock  may  beany  of  those  commonly  used  in  the  present  art.  Such 
yarns  may  be  spun  from  the  following  fibres:  cotton,  wool,  acrylic,  polyamide,  polyester,  regenerated  cellulose 
or  may  be  continuous  filament  yarns  of  the  following  types:  polyamide,  polyester,  regenerated  cellulose,  span- 
dex  (segmented  polyurethane),  rubber  (natural  or  synthetic).  In  addition  knitting  may  be  performed  from  any 

30  mixtures  of  any  two  or  more  of  any  of  the  above  mentioned  fibres  or  continuous  filaments  in  the  form  of  blended 
mixtures,  twisted  mixtures  or  as  core-spun  yarns  or  wrapped  fibres  or  filament  yarns. 

This  invention  particularly  concerns  the  leg  portion  of  the  sock,  the  knitting  of  the  leg  and  the  setting  of 
the  leg  fabric. 

After  completion  of  the  knitting  of  the  leg  of  the  sock,  the  knitting  of  the  heel,  foot  and  toe  is  performed 
35  according  to  the  chosen  design  of  sock,  and  according  to  known  art.  Following  completion  of  knitting  the  toe 

opening  (if  present)  is  closed  by  any  of  the  present  available  means. 
It  is  an  optional  current  practice  to  place  a  sock,  if  it  contains  some  fibre  which  can  be  plasticized  by  heat 

and  steam  on  a  flat  metal  former  of  a  shape  a  little  larger  than  that  of  the  sock  in  a  flat  relaxed  state.  Socks 
fitted  to  former  are  placed  in  an  autoclave  and  subjected  to  steam  presure,  or  in  other  vessels  and  subjected 

40  to  heat,  in  order  to  achieve  a  moulding  and  setting  of  the  sock  fabric  and  thus  a  certain  shape  to  the  sock. 
Depending  on  whether  this  is  done  before  or  after  scouring  and  dyeing  it  is  known  as  pre-boarding  or  post- 
boarding  respectively. 

In  order  to  assist  in  the  practical  application  of  the  present  invention  examples  of  constructions  of  sock 
will  now  be  described  with  reference  to  Figures  1,  2  and  3  of  the  accompanying  drawings.  The  socks  in  the 

45  examples  are  intended  forf  itting  the  Australian  adult  male  population,  the  leg  and  foot  characteristics  of  which 
are  similar  to  those  of  many  other  nationalities.  To  fit  nationalities  with  different  foot  and  leg  characteristics 
small  modifications  may  be  required  but  the  same  principle  relating  to  the  rate  of  decrease  of  fabric  circum- 
ferential  tension  and  fabric-to-leg  pressure  from  minimum  leg  circumference  to  the  top  margin  of  the  sock  will 
apply. 

50 
Example  1 

The  sock  shown  in  Figure  2  is  knitted  on  a  3-feed  KometTJ2  knitting  machine  also  having  for  each  diameter 
N176  needles.  The  sock  has  in  the  leg  portion  between  the  lines  A  and  G,  a  fabric  construction  of  1  x  1  rib 

55  type.  Characteristics  of  the  fabric  in  the  respective  sections  of  the  portion  of  the  sock  (to  fit  size  range  as  spe- 
cified  in  Example  2),  are  shown  in  the  following  table. 

7 
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No.  of 
courses  Length  of 

5  Leg  portion  No.  of  Stitch  of  Spandex 
of  sock  courses  of  size  156  dtex  (mm)  per 
(Fig.  2)  Yarns  knitting  (mm)  Spandex  course 

A—  B  1/50  tex  4  —  —  — 
cotton  with 

w  a  core  of 
78  dtex 
spandex 

B—  C  1/50  tex  36  5.9  0  — 
cotton  with 

15 
C—  D  a  core  of  36  6.9  12  156 

78  dtex 
spandex 

D—  E  and  156  dtex  36  6.8  18  156 
20  spandex 

E—  F  double  108  6.4  108  156 
covered  with 
44  dtex 
stretch 25  nylon 

F—  G  as  for  4  5.9  Nil  — 
A—  B 

30 
In  this  example  the  required  variation  in  fabric-to-leg  pressure  is  obtained  by  varying  the  numberof  courses 

of  235  dtex  Spandex  relative  to  the  total  number  of  courses  in  the  respective  sections  of  the  sock. 
This  sock  provides  comfortable  fit  without  skin  irritation  and  will  resist  slipping  down  the  leg  of  90%  of  that 

population  of  wearers  for  which  it  was  designed. 
35 

Example  2 

In  this  example  there  is  a  continuous  decrease  in  fabric  tension  and  fabric-to-leg  pressure  in  a  portion  of 
the  sock  between  E  (refer  to  Figure  3)  which  is  approximately  the  position  of  minimum  leg  circumference  and 

40  D. 
This  is  effected  by  continuously  varying  the  stitch  size  of  the  1/57  tex  yarn  and  the  course  length  of  the 

235  dtex  double  covered  spandex.  The  Knitting  Machine  in  this  example  is  an  Esta,  Model  JU3  with  4  inch 
cylinder  diameter  and  having  176  needles. 

Details  of  yarn  and  characteristics  of  the  respective  sections  of  the  leg  of  the  sock  (fitting  men  with  foot 
45  length  of  10  to  12  inches  inclusive  or  25  to  30  cm  corresponding  to  shoe  sizes  6  to  10  inclusive)  are  shown  in 

the  following  table. 

50 

55 
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5 

No.  of 
courses  Length  of 

Leg  portion  No.  of  Stitch  of  235  Spandex 
of  sock  courses  of  size  dtex  (mm)  per 
(Fig.  1)  Yarns  knitting  (mm)  Spandex  course 

A—  B  1/57  tex  4  —  —  — 
blend  of  wool 

B—  C  and  nylon  with  36  5.9  0  — 
a  core  of  44 
dtex  spandex  — 

C—  D  and  32  7.0  16  160 

D—  E'  235  dtex  56  f  7.5  to  {  1  83 
spandex  double  1  6.4  11  1160 

E'—  E  covered  with  44  74  6.4  48  160 

E—  F  dtex  stretch  4  6.4  0  — 
nylon 

This  sock  provides  comfortable  fit  without  skin  irritation  and  will  resist  slipping  down  the  leg  of  over  90% 
25  of  that  population  of  wearers  for  which  it  was  designed. 

In  all  the  above  examples,  after  completion  of  knitting  the  toe  openings  of  the  socks  were  closed  by  seam- 
ing.  The  socks  were  then  scoured  at  45°C  in  an  aqueous  medium  containing  an  appropriate  detergent,  rinsed, 
dried,  placed  on  metal  shapes  in  an  autoclave,  subjected  to  steam  for  from  40  to  50  seconds  at  a  temperature 
in  the  range  of  119°C  to  124°C  ,  and  excessive  moisture  removed  by  convection  drying  with  hot  air. 

30  While  the  foregoing  examples  and  tables  have  referred  to  men's  socks  which  by  virtue  of  a  "stretch"  yarn 
and/or  thread  component  have  fitted  a  range  of  foot  sizes  corresponding  to  shoe  sizes  6  to  10  inclusive,  the 
present  invention  may  be  employed  to  provide,  additionally,  socks  of  the  following  types  with  the  top  margin 
below  the  mid-calf 

Men's  socks  in  which  one  design  (or  construction)  fits  only  one  foot  size. 
35  Men's  socks  designed  to  fit  foot  sizes  greater  than  corresponding  to  shoe  size  1  0  (Australian)  or  equivalent. 

Women's  socks  of  any  foot  size  and  design. 
Children's  socks  of  any  foot  size  and  design. 

40  Claims 

1.  Aknitted  sock  having  a  leg  part  not  extending  above  the  mid-calf  of  the  wearer  when  in  the  normal  position 
and  composed  of  a  knitted  fabric  having  less  than  105  stitches  per  square  centimetre  when  measured 
fully  stretched  in  course  and  wale  directions  and  at  standard  conditions  for  testing  textiles,  whereby  the 

45  fabric-to-leg  pressure  being  measured  by  the  Hatra  Hose  Pressure  Tester  decreases  from  the  minimum 
leg  circumference  portion  of  the  sock  to  the  marginal  top  portion  of  the  sock  wherein  the  fabric  between 
the  minimum  leg  circumference  and  the  marginal  top  consists  of  a  plurality  of  adjoining  circumferential 
sections  each  section  having  a  number  of  courses  and  a  course  yarn  length  of  an  elastic  yarn  selected 
so  that  the  fabric-to-leg  pressure  successively  decreases  from  one  section  to  the  next  adjoining  section 

so  in  a  direction  from  the  minimum  leg  circumference  to  the  marginal  top  of  the  sock,  the  fabric  to  leg  pressure 
in  the  minimum  leg  circumference  portion  is  in  the  range  of  1067  to  21  33  Pa.  and  the  minimum  percentage 
value  decrease  in  the  fabric-to-leg  pressure  at  the  marginal  top  portion  of  the  sock  being  not  less  than 
40%  multiplied  by  the  ratio  of  the  distance  from  the  minimum  leg  circumference  to  the  marginal  top  of  the 
sock  to  the  distance  from  the  minimum  leg  circumference  to  the  mid-calf. 

55 
2.  A  knitted  sock  as  claimed  in  claim  1,  wherein  the  percentage  decrease  is  in  the  range  of  60  to  80%  mul- 

tiplied  by  the  ratio  specified  in  claim  1. 

9 
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Patentanspriiche 

1.  Gestrickte  Socke  mit  einem  sich  in  der  Normallage  nicht  uberdas  Knie  das  Tragers  hinaus  erstreckenden 
5  Beinteil,  die  aus  einem  Textilmaterial  mit  weniger  als  105  Maschen  pro  Quadratzentimeter  nach  Messung 

in  vollig  straffen  Zustand  in  Richtung  der  Maschen-Querreihe  und  in  Richtung  der  Maschenstabchen  und 
unter  Normal-Bedingungen  fur  die  Textil-Prufung  besteht,  wobei  der  Textilmaterial-auf-Bein-Druck,  ge- 
messen  mit  dem  Hatra-Strumpf-Druckmessungsgerat,  vom  kleinsten  Beinumfangsteil  der  Socke  bis  zum 
oberen  Randteil  der  Socke  abnimmt,  wobei  das  Textilmaterial  zwischen  dem  kleinsten  Beinumfang  und 

10  dem  oberen  Rand  aus  einer  Mehrzahl  einander  benachbarter  Umfangsabschnitte  besteht,  wobei  jeder 
Abschnitt  eine  Anzahl  von  Maschen-Querreihen  und  eine  Maschen-Querreihen-Garnlange  aus  einem 
elastischen  Garn  besitzt,  das  so  ausgewahlt  ist,  dali  der  Textilmaterial-auf-Bein-Druck  von  einem  Ab- 
schnitt  zu  dem  nachsten  angrenzenden  Abschnitt  in  einer  Richtung  vom  kleinsten  Beinumfang  zu  dem 
oberen  Rand  der  Socke  abnimmt  und  der  Textilmaterial-auf-Bein-Druck  in  dem  kleinsten  Beinumfangsteil 

15  im  Bereich  von  1  067  bis  21  33  Pa  liegt  und  die  minimale  prozentuale  Abnahme  des  Textilmaterial-auf-Bein- 
Druckes  nicht  kleiner  als  40  %,  multipliziert  mit  dem  Verhaltnis  des  Abstandes  zwischen  dem  kleinsten 
Beinumfang  und  dem  Oberrand  der  Socke  zum  Abstand  zwischen  dem  kleinsten  Beinumfang  und  der  Wa- 
denmitte,  ist. 

20  2.  Gestrickte  Socke  nach  Anspruch  1,  worin  die  prozentuale  Abnahme  im  Bereich  von  60  %  bis  80  %,  mul- 
tipliziert  mit  dem  in  Anspruch  1  angegebenen  Verhaltnis,  liegt. 

Revendications 
25 

1.  Chausette  tricotee  avec  une  partie  formant  jambe  qui  ne  monte  pas,  en  position  normale,  au-dessus  du 
mi-mollet  de  I'utilisateur,  et  composee  d'un  tissu  tricote  ayant  moins  de  105  points/cm2,  mesure  sous  al- 
longement  total  dans  les  deux  sens,  rangees  et  cotes,  et  dans  des  conditions  normales  d'essai  des  tex- 
tiles,  ce  qui  fait  que  la  pression  du  tissu  sur  la  jambe,  mesuree  par  un  verif  icateur  Hatra  de  pression  de 

30  tuyau  souple,  diminue  entre  la  partie  de  la  chaussette  a  circonference  de  jambe  minimale  et  la  partie  mar- 
ginal  superieure  de  la  chaussette,  dans  laquelle  le  tissu  compris  entre  la  partie  a  circonference  de  jambe 
minimale  et  la  partie  marginale  superieure  se  compose  d'une  plural  ite  de  portions  circonferentielles  atte- 
nantes,  chaque  portion  ayant  un  nombre  de  rangees  et  une  longueur  de  fil  de  rangees  en  fil  elastique 
choisis  pour  que  la  pression  du  tissu  sur  la  jambe  diminue  successivement  d'une  portion  a  la  portion  at- 

35  tenante  suivante  dans  le  sens  qui  va  de  la  partie  a  circonference  de  jambe  minimale  vers  la  partie  mar- 
ginale  superieure  de  la  chaussette,  la  pression  du  tissu  sur  la  jambe  dans  la  partie  a  circonference  de 
jambe  minimale  sesituant  entre  1067  et2133  Pa  et  la  diminution  minimale,  en  pourcentage,  de  la  pression 
du  tissu  sur  la  jambe  au  niveau  de  la  partie  marginale  superieure  de  la  chaussette  n'etant  pas  inferieure 
a  40  %  que  multiplie  le  rapport  de  la  distance  entre  la  circonference  de  jambe  minimale  et  la  partie  mar- 

40  ginale  superieure  de  la  chaussette  a  la  distance  entre  la  circonference  de  jambe  minimale  et  le  mi-mollet. 

2.  Chaussette  tricotee  selon  la  revendication  1  ,  dans  laquelle  la  diminution  en  pourcentage  est  comprise  en- 
tre  60  et  80  %  que  multiplie  le  rapport  defini  a  la  revendication  1. 
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