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©  Hoses  incorporating  circular  woven  reinforcement. 

©  A  hose  capable  of  withstanding  very  high 
tensile  loadings  and  internal  pressures  is  made 
from  a  plastics,  rubber  or  elastomeric  material 
having  in  its  wall  a  circular  woven  reinforcing 
jacket.  The  jacket  is  composed  of  multifilament 
warp  yarns  (11),  multifilament  weft  yarns  (12a, 
12b)  which  are  not  interwoven  with  the  warp 
yarns,  and  binder  yarns  or  monofilaments  (13) 
binding  the  warp  and  weft  yarns  together.  The 
warp  and  weft  yarns  are  substantially  uncrim- 
ped,  i.e.  the  percentage  crimp  of  both  the  warp 
and  weft  yarns  is  not  more  than  50%  of  the 
extension  at  break  value  of  the  yarns. 
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This  invention  relates  to  hoses  incorporating  cir- 
cular  woven  reinforcement,  and  is  more  particularly 
concerned  with  hoses  required  to  withstand  very  high 
tensile  loadings  and  internal  pressures. 

Hoses  having  a  lining  and  optionally  an  outer  cov- 
er  made  from  plastic,  thermoplastic  elastomeric  or 
rubber  materials  and  incorporating  a  braided  or  wov- 
en  reinforcement  are  finding  increasing  use  for  fluid 
conveyance  because  they  can  be  produced  in  very 
long  lengths,  while  steel  pipes  can  be  handled  and 
transported  only  in  short  lengths  and  have  to  be  bolt- 
ed  or  welded  together.  Such  hoses  are  produced  in 
both  lay-flat  and  "solid"  types,  of  which  the  latter  do 
not  flatten  when  coiled  and  are  thereby  disadvanta- 
geous  in  requiring  much  higher  packing  space  during 
storage  and  transport.  Such  hoses  may,  for  example 
be  made  by  an  extrusion  process  which  provides  both 
the  lining  and  cover  in  one  extrusion  operation. 

Hitherto,  the  multifilament  warp  and  weft  yarns 
of  tubular  reinforcing  jackets  of  hoses  have  been  in- 
terwoven,  the  strength  of  the  tubular  woven  jacket 
being  mainly  dependent  on  the  density  of  yarns  in  the 
reinforcing  jacket  and  the  material,  the  number  of 
yarns  per  centimetre  of  jacket,  ply  and  strength  of  the 
filaments  in  the  yarns,  but  also  on  the  strength  con- 
version  efficiency  from  yarn  to  jacket.  This  factor  is 
lessened  by  the  degree  of  crimping.of  the  yarns  re- 
sulting  from  weaving. 

Weaving  crimp  in  the  yarns  reduces  the  strength 
conversion  efficiency  first  because  it  imposes  un- 
equal  tension  and  extension  on  the  filaments  and 
yarns  in  the  unstressed  jacket,  and  secondly  because 
it  is  difficult  to  ensure  that  the  weaving  loom  will  feed 
all  the  yarns  at  exactly  the  same  degree  of  crimp. 

Yarns  break  when  the  stress  causes  extension  to 
reach  the  "Extension  at  Break"  value  for  the  particular 
type  of  yarn  used.  For  a  typical  high  tenacity  polyest- 
er  yarn,  this  value  is  about  15%,  but  for  aramid  yarn 
it  is  only  about  4%.  Hose  breakage  under  tensile  load, 
or  burst  under  hydraulic  pressure  occurs  when  the 
warp  or  weft  yarns  respectively  are  extended  to  their 
break  extension  value.  100%  strength  conversion 
arises  only  if  all  the  warp  or  weft  yarns  reach  the 
break  extension  value  together  when  the  hose  is 
stressed.  This  cannot  arise  if  the  weaving  crimp  is  va- 
riable  among  the  warp  or  weft  yarns.  High  losses  in 
strength  conversion  efficiency  will  clearly  result  if  the 
extension  of  either  individual  filaments  or  of  yarns  in 
the  jacket  due  to  weaving  crimp  is  high  in  relation  to 
the  extension  at  break  of  the  yarns  comprising  it, 
since  there  will  then  be  unequal  load-sharing  when 
the  jacket  is  stressed  by  tension  or  pressure. 

In  designing  jackets  having  very  high  tensile  and 
hydraulic  strengths,  high  yarn  densities  are  required, 
but  if  the  thickness  and  packing  densities  of  yarns  is 
increased  in  order  to  secure  greater  strength,  the 
crowding  of  the  yarns  leads  to  increased  crimping  so 
that  the  differential  crimping  effect  in  the  yarn  is  also 

increased.  Consequently  the  strength  conversion  ef- 
ficiency  falls  sharply  with  further  increases  in  yarn 
density.  Ultimately,  a  point  is  reached  where  adding 
further  yarn  leads  to  lower  jacket  strength,  thus  im- 

5  posing  a  limit  on  jacket  strength  for  a  given  hose  di- 
ameter. 

The  invention  seeks  to  overcome  this  barrier  and 
to  provide  a  hose  having  greater  tensile  strength  in  a 
lengthwise  direction  orable  to  withstand  high  bursting 

10  stresses,  or  both. 
According  to  this  invention  there  is  provided  a 

hose  made  from  a  plastics,  elastomeric  or  rubber  ma- 
terial  and  incorporating  in  its  wall  a  circular  woven  re- 
inforcement  jacket  composed  of  multifilament  warp 

15  yarns,  multifilament  weft  yarns  which  are  not  inter- 
woven  with  the  warp  yarns,  and  binder  yarns  or 
monofilaments  binding  the  warp  and  weft  yarns  to- 
gether,  said  multifilament  warp  and  weft  yarns  being 
substantially  uncrimped  as  herein  defined. 

20  By  the  term  multifilament  yarns,  we  mean  yarns 
of  high  decitex  made  by  twisting  or  plying  fibres  or 
yarns  comprising  textile  filaments,  staple  fibres  or 
both.  Said  yarns  may  be  used  in  either  or  both  of  warp 
and  weft. 

25  The  binder  yarns  may  be  of  similar  nature,  or  may 
be  monofilament,  and  are  of  decitex  not  greater  than 
about  1/5  of  that  of  the  multifilament  yarns  comprising 
the  said  warps  or  wefts. 

Crimp  can  be  measured  by  cutting,  say  a  10cm. 
30  square  section  from  the  jacket,  extracting  the  individ- 

ual  yarns,  and  measuring  their  length  when  tensioned 
under  a  small  load,  sufficient  to  straighten  the  yarns, 
but  not  extend  them  appreciably.  The  increases  in 
length  caused  by  crimp  removal  can  be  expressed  as 

35  a  percentage  of  the  10cm.  length  of  the  warp  and  weft 
yarns  in  the  woven  jacket. 

By  the  term  "substantially  uncrimped"  we  mean 
that  the  percentage  crimp  for  both  warp  and  weft 
yarns  is  not  more  than  50%  of  the  extension  at  break 

40  value  of  the  yarns.  This  means  that,  for  example,  for 
a  yarn  having  an  extension  at  break  value  of  1  6%,  the 
percentage  crimp  would  not  exceed  8%.  It  is  preferred 
that  the  percentage  crimp  should  not  exceed  25%  of 
the  extension  at  break  value. 

45  Preferably  the  binder  yarns  are  low  decitex 
yarns. 

Conveniently  the  binder  yarns  are  warp  yarns. 
In  one  preferred  construction  according  to  the  in- 

vention  a  proportion  of  said  multifilament  weft  yarns 
so  are  disposed  radially  inward  of  said  warp  yarns  and 

the  remainder  of  said  multifilament  weft  yarns  are  dis- 
posed  radially  outward  of  said  multifilament  warp 
yarns,  the  said  warp  binderyarns  being  an  inverse  in- 
tegral  fraction  (e.g.  1  in  2,  1  in  3  etc.)  of  the  said  mul- 

55  tif  ilament  warp  yarns  in  regular  repeating  sequence. 
The  invention  will  now  be  described  in  more  detail 

with  reference  by  way  of  examples  to  the  accompa- 
nying  diagrammatic  drawing  of  a  form  of  circular  wov- 
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en  reinforcing  jacketfor  a  hose  according  to  the  inven- 
tion. 

Referring  to  the  drawing,  the  jacket  10  comprises 
multifilament  warp  yarns  11,  inner  and  outer  multifila- 
ment  weft  yarns  12a,  12b  respectively  which  are  not 
interwoven  with  the  warp  yarns,  and  binder  yarns  or 
monofilaments  13  which  are  woven  with  the  multifi- 
lament  warp  and  weft  yarns  to  bind  them  together. 
The  multifilament  warp  and  weft  yarns  may  for  exam- 
ple  have  a  decitex  value  of  20,000  and  the  binder 
yarns  may  have  a  much  lower  decitex  value  e.g. 
2000.  The  decitex  value  of  the  multifilament  warp  and 
weft  yarns  is  preferably  at  least  5000,  and  that  of  the 
binder  yarns  is  preferably  not  greater  than  about 
3000.  The  decitex  value  is  defined  as  the  weight  in 
grams  of  10,000  metres  of  the  yarn. 

In  this  particular  construction  binder  yarns  alter- 
nate  with  multifilament  warp  yarns,  and  no  binder 
yarns  are  provided  extending  in  the  weft  direction. 

This  tubular  jacket  was  woven  on  a  circular  loom 
having  two  shuttles  containing  multifilament  weft 
packages,  and  warp  yarns  comprising  alternating 
multifilament  yarns  and  binder  yarns,  the  warp  lifting 
mechanism  of  the  loom  producing  a  shed  reversal  be- 
tween  each  of  the  two  shuttles.  Since  there  is  a  shed 
change  between  each  shuttle  passage,  it  was  to  be 
expected  that  one  weft  yarn  would  tend  to  remain  es- 
sentially  inside  all  the  warps  and  that  the  other  weft 
yarn  would  tend  to  remain  outside  all  the  warps,  but 
it  was  a  matter  for  surprise  that  the  binder  yarns  en- 
tered  the  loom  almost  twice  as  fast  as  the  multifila- 
ment  yarns  and  had  about  70%  crimp,  whereas  the 
multifilament  warp  yarns  were  virtually  straight  and 
crimp-free  and  the  multifilament  weft  yarns  were  also 
substantially  uncrimped  as  defined  above. 

The  circular  looms  used  to  make  the  textile  rein- 
forcements  of  our  invention,  may  contain  2  or  more 
shuttles,  (typical  circular  looms  contain  2,3,4,6,  or  8 
shuttles). 

It  is  obviously  necessary  to  arrange  the  warp 
shed  changing  mechanism  so  that  the  high  decitex 
weft  yarns  from  any  shuttle  do  not  cross  over  and 
weave  with  the  high  decitex  warp  yarns,  and  that 
weaving  and  yarn  cross-over  is  restricted  to  the  bind- 
er  yarns.  These  conditions  can  be  readily  achieved  by 
suitable  arrangement  of  the  shed  changing  mecha- 
nism. 

If  the  resulting  tubular  jacket  is  too  stiff,  correc- 
tion  can  easily  be  made  by  removing  each  alternate 
binder  warp  from  the  loom,  leaving  empty  comb  gaps 
in  the  loom.  The  proportion  of  binders  can  be  reduced 
further  if  desired,  subject  to  adequate  firmness  and 
stability  in  the  tubular  jacket. 

To  complete  the  manufacture  of  the  hose,  the 
jacket  is  provided  with  an  inner  lining  of  a  plastics  or 
elastomeric  material,  e.g.  a  vulcanising  rubber  or  a 
t  hermoplastic  elastomer  such  as  poly  (ester-et  her)  or 
polyurethane.  An  external  cover  or  coating  can  op- 

tionally  be  provided.  Preferably  the  hose  is  made  by 
providing  both  an  internal  lining  and  an  external  coat- 
ing  of  the  elastomers  by  a  known  extrusion  process. 
Such  hoses  may  be  vulcanised,  using  superheated 

5  steam,  or  may  be  subjected  to  steaming  treatment  to 
improve  their  properties  without  increasing  crimp  in 
the  load-bearing  yarns. 

In  the  particular  case  in  which  warp  binder  yarns 
are  used,  it  may  be  advantageous  to  substitute  short 

10  sequences  of  multifilament  warp  yarns  in  two  diamet- 
rically  opposed  positions  in  the  circular  woven  fabric, 
by  low  decitex,  e.g.  binder  yarns  thus  providing  dia- 
metrically  opposing  sections  containing  only  low  dec- 
itex  warp  yarns. 

15  In  such  sections,  the  weft  yarns  occupy  essen- 
tially  the  same  diameter  as  each  other  (in  contrast  to 
lines  5-7,  page  5),  providing  easier  folding  of  the 
jackets  and  hoses  in  the  longitudinal  direction,  and  a 
natural  crease  or  lay-flat  fold  line  along  the  length  of 

20  the  hoses. 
Such  easier  folding  results  in  easier  coiling  and 

allows  the  stiff  hoses  to  be  coiled  more  easily  and  in 
coils  or  reels  of  lower  diameters. 

Even  more  stable  reinforcing  jackets  can  be 
25  made  by  the  alternative  method  of  controlling  the 

warp  lifting  mechanism  to  weave  2,  3  or  more  multifi- 
lament  yarns  for  each  binder  yarn,  using  the  full  ca- 
pacity  of  comb  gaps,  instead  of  having  empty  gaps, 
so  as  to  provide  a  higher  number  of  multifilament 

30  warps.  This  construction  can  readily  be  achieved  on 
looms  of  the  type  incorporating  a  lifting  mechanism 
operated  by  a  selector  wheel,  as  used  in  looms  such 
as  those  manufactured  by  MANDAL's  REVERBANE 
of  Mandal,  Norway  provided  that  the  sequences  of 

35  high  and  low  positions  in  the  shed  are  correctly  chos- 
en  and  are  correctly  related  to  the  total  number  of 
comb  gaps.  These  loom  operating  factors  are  easily 
determined  by  those  skilled  in  the  art. 

In  the  foregoing,  the  binder  yarns  are  used  only 
40  in  the  warp,  but  they  may  instead  be  used  in  the  weft. 

In  the  simplest  textile  construction,  the  tubular  jacket 
would  incorporate  a  spiral  of  multifilament  yarns  with 
alternating  multifilament  warp  yarns  inside  and  out- 
side  the  spiral,  and  a  second  spiral  of  binder  weft 

45  yarns  laid  within  the  spiral  of  multifilament  yarns, 
these  binder  yarns  binding  the  multifilament  warps  to 
the  multifilament  weft  spiral.  This  would  necessitate 
a  loom  having  at  least  two  shuttle  and  weft  packages, 
said  shuttles  containing  the  multifilament  yarn  and 

so  the  binder  yarn  respectively.  In  practice  the  resulting 
weight  imbalance  would  necessitate  slow  operation  of 
the  loom.  Four  shuttles  would  obviate  the  imbalance 
but  would  necessitate  a  complex  shed  lifting  mecha- 
nism,  and  it  would  be  preferable  to  employ  a  loom  in- 

55  corporating  a  selector  wheel  system. 
It  will  be  further  understood  that  the  use  of  binder 

yarns  in  both  the  warp  and  the  weft  is  possible  and 
this  further  increases  the  dimensional  stability  of  the 
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tubular  jacket. 
By  example,  lay-flat  hoses  incorporating  reinforc- 

ing  jackets  are  currently  used  to  pump  water  from  un- 
derground  wells  about  200  metres  in  depth,  an  elec- 
trical  submersible  pump  being  mounted  on  the  lower  5 
end  of  the  pipe.  The  arrangement  operates  very  effi- 
ciently  since  when  the  pump  needs  maintenance,  the 
tube  can  be  wound  on  to  a  reel,  thus  avoiding  the 
need  to  uncouple  numerous  lengths  of  pipe,  which  is 
the  procedure  when  steel  pipe  is  used.  10 

In  the  case  of  current  hoses  of  6"  diameter,  using 
conventional  plainweave  or  twill  weaving  construc- 
tions  made  from  polyester  yarns,  the  maximum  ten- 
sile  strength  obtainable  for  the  hoses  is  about  20 
tonnes,  and  the  maximum  burst  strength  is  about  60  15 
bar.  This  limits  the  operating  depth  to  wells  of  about 
200  m. 

The  use  of  reinforcing  jackets  according  to  the 
present  invention,  and  using  the  same  yarn  materials, 
enables  similar  6"  hoses  to  be  designed  to  appreci-  20 
ably  higher  tensile  strengths  and  burst  pressures  ap- 
proaching  30  tonnes  and  90  bar  respectively,  thus  ex- 
tending  the  operating  depth  to  about  300  m. 

Comparable  increases  in  performance  become 
increasingly  evident  in  the  case  of  hoses  exceeding  25 
6"  in  diameter. 

ment  warp  yarns,  low  decitex  binder  yarns  suffi- 
cient  in  number  to  provide  natural  longitudinal  fold 
lines  in  the  tubular  jacket  and  hose. 

7.  A  hose  as  claimed  in  any  one  of  claims  1  ,  2,  3,  5 
and  6,  wherein  a  proportion  of  said  multifilament 
weft  yarns  are  disposed  radially  inward  of  said 
warp  yarns  and  the  remainder  of  said  multifila- 
ment  weft  yarns  are  disposed  radially  outward  of 
said  multifilament  warp  yarns. 

8.  A  hose  as  claimed  in  any  one  of  claims  1  ,  2,  4,  5 
and  6,  wherein  a  proportion  of  the  multifilament 
warp  yarns  are  disposed  radially  inward  of  the 
multifilament  weft  yarns  and  the  remainder  of  the 
multifilament  warp  yarns  are  disposed  radially 
outward  of  the  multifilament  weft  yarns. 

Claims 
30 

1  .  A  hose  made  from  a  plastics,  elastomeric  or  rub- 
ber  material  and  incorporating  in  its  wall  a  circular 
woven  jacket  composed  of  multifilament  warp 
yarns,  multifilament  weft  yarns  which  are  not  in- 
terwoven  with  the  warp  yarns,  and  binder  yarns  35 
or  monofilaments  binding  the  warp  and  weft 
yarns  together,  said  multifilament  warp  and  weft 
yarns  being  substantially  uncrimped  as  hereinbe- 
fore  defined. 

40 
2.  A  hose  as  claimed  in  claim  1  ,  wherein  the  binder 

yarns  have  a  decitex  value  not  greater  than  about 
3500,  and  that  of  the  multifilament  yarns  is  at 
least  5  times  as  great  as  that  of  the  binder  yarns. 

45 
3.  A  hose  as  claimed  in  claim  1  or  claim  2,  wherein 

at  least  some  of  the  binder  yarns  are  warp  yarns. 

4.  A  hose  as  claimed  in  claim  1  or  claim  2,  wherein 
at  least  some  of  the  binder  yarns  are  weft  yarns.  50 

5.  A  hose  as  claimed  in  claim  1  or  claim  2,  wherein 
both  the  warp  and  weft  contain  binder  yarns  or 
monofilaments. 

55 
6.  A  hose  as  claimed  in  any  one  of  claims  1  ,  2,  3  or 

5  wherein  two  diametrically  opposite  warp  sec- 
tions  of  the  jacket  have,  instead  of  the  multif  ila- 

4 
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