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   The  Improvement  of  Heat Treatment in High Pressure
     Pipe Bends using  High Frequency Induction Heating

                                                           Hideo  Takeda', Member

                                        Summary

  The  bend parts of  high pressure  pipings  by using  high frequency induction heating are  to be heat

treated for stress  relieving  in compliance  with  many  application  standard,  the  requirernents  of  the

rules  and  regulations  of  classification  societies  and  the power  plant engineering  standard  forexample.

  The new  bending technique  was  developed in order  to do  away  with  heat treatment  of the bend

parts  of steel  pipings, which  are  satisfactory  and  adequate  in mechanical  property and  change  in walr

thickness and  shape  of  the bend  parts.

                                    1. Introduction

  Hot  bending of  pipes intended for shipboard  installation used  to be a  complicated  proeess as  each

indiyidual length of  pipe had  to be  sand-loaded  prior to bending  in order  to prevent  its cross  section

from becoming elliptical where  it was  to be bent. Though  the process has  been  greatly streamlined

since  several  years ago  by adoption  of the high frequency induction heating  method  of pipe bending,
the  pressure pipes (chiefly those  for use  under  the  working  pressure  of  30 kglcmS  or  more)  designated
for marine  application  are  required  under  the  existing  classification  societies' rules  to undergo  stress-

relief  annealing  after  bending  and,  accordingly,  such  a  postheating is being cQnducted  as  a  matter  of

accepted  practice.

  It has been  felt, however,  that the postheating can  frequently become  a  cofisiderable  burden  in the

maintenance  of  day･to-day production  activities  and,  therefore,  there  would  be  very  much  to be gained

if pipe bending  were  earried  out  withQut  the need  for the  subsequent  heat treatment.

  It has been  observed  while  processing  the pressure pipes, nearly  all of which  are  of  either  carbon

steel  (STPG38) or  low  alloy  steel  (Cr-Mo, STPA22),  that  the  water  cooling  applied  in conjunction  with

the high  frequency  induction heating  hastens the  cooling  of  the  bend$  produced  on  pipes and  thus

tends to cause  the hardening  of  the pipe metal  but a change  in the cooling  method,  from water  cool-

ing
 
to

 Fir cooling,
 
appreciably

 
lessens

 
the

 
degree

 
ef

 
such

 
rnetal

 
hardening,

 especially  in Cr-Mo  steel

plpes.

  A  series  of tests conducted  this time  were  therefore designed  to determine,  by using  STPA22  steel

pipe, what  conditions  should  be met  when  bending  pipes by  the high frequency  induction heating
without  postheating and  what  difference there  would  be between the postheated  and  nonpostheated

pipes in mechanical  and  metallurgical  properties.

                                      2. Test Pipe

  Of the  pressure  pipes manufactured  for marine  use,  the Cr-Mo  steel  plpe is considered  to offer  the

toughest  challenge  as regards  the omission  of  postheating.  The  STPA22  steel  pipe of Japanese In-
dustrial Standard  (1Cr-O.5Mo, 216.3ex18.2t) was  therefore used  in the  tests, of  which  the chemical

   
*
 Nagasaki  Shipyard &  Engine Works, Mitsubishi Heavy  Industries, Ltd.
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Table1  Chemicql eompogitipp,andrnechanical.ppo.perties  of Low,Alloy Steel Pipe

Chemiealcomposition(%) Meehanica1properties
Kindofpipe

Pipediameter
&thi'ckness'

(mm)ttt

'
..t/c

si'Mn p s'

t.tt.
t

ttct

Mo.t.
t..

tttttt

Tensilestrength

(kglmmS)
/.

Elongationtt.･(%)

ICr-SMo*iSO.1550.se

215.lxlfi.2 ...'

o.soNO.eose.osaso.osso.eoe.os

Nl.25..O.es

*s42S- *I24$

`

        *i scPme  (JIS), Ksc4,  LRP12, ABS12, NV2P12

        *s  JIS 
'
 '

        ft Test.pieoe of  JIS,No..4., , , . . ,

coinpesition  and  rnechanical  properties are  given in Table 1･. 
'
 
･･
 
-''
 

'
 

-･･-

             t ttt  '

              3. High･ Fretlneney laductioTt Heating  Mpe  Bending Machine 
･
 , 

'

  So much  have already been vvritten  on  the higb frequency  induction heating method  of  pipe bending

that  no  detailed explanation  about  its principle, etc.,  would  seem  nedessary.i};t),S)  However,  a' brief
                                                                 '
description of the bending  machine  may  be givcn. as  follows.

  The  pipe bending  machine  comprises  a  high  frequency  generating  apparatus  and  a  bender. A  325

kW,  2400cts, 8EroV motor-generator  is used  in the high frequeney  generating  apparatus,  and  the  comi

ponents nf' the bender･.include the elamping  device, high frequency induction･ heating coil, afm,  driv; 
･

ing ･gear, cQntrel  pane!, etc.  Fig. 1 illustrates the general  yiew  of the bending machine  and  Photo..,t 
'

the-rnachine  at  work.  

'
 ･ ,'

di
                         e

                         A"s
                    ee

1. Arm  6. Motor Driven  Device

2. Clamp. 7. Tail Stock               '
                     8. 0perating Board3.'High Frequency In-

  
'duction･HeatittgCeil

 9. Contro1 Panel

4.-Transformer . . 10. Side Roll, ,

5. Body  . 11. .Hose ier Water  Cooling
              '

 Fig. 1 High frequency induction heating pipe bender
            '                                     '                    '

                                  4. Bending

  Bending of  pipe, of  mild  steel, by  the high

water  cooting  in order  to prevent  the pipe deformation.

the heating coil and  releasing  it as  a  jet at the 45'

like C;-Mo  fiteel, whieh  is highly liable tg quench

provide coo1ing  with  water  immediately afte'r  bot

fore ernployed  in the tests, one  being  the air cooling  and

called  simply  the water  cooling)'des'iltned  tb coo1  the

Bends were  produced  in the,tests with 3D  radius

         Photo. 1 Pipe bending using  high frequency

                 induction heating

       Method

frequency induction heating is immediately follewed by

         This is accomplished  by admitting  wat6r  to 
'

     angle  with  the  pipe wall.  However,  for material

    hardening, it would  seem  a  dubious proposltion to
                                             '

   bending. Twe  
different

 
cooling

 
methodswere

 
thereT,

 .i
        the  other  the water-spray  cooling  (herein'after
                                                1

       
'pipe

 wall  about  300 mm  from the heating odil.

   (D=pipe diame,ter) which  was  considered  to be .the
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severest

Tab16  2of

 the generally

shows  the  detailsfollowed

 bending requirements,  as  well  as

of
 
the

 
bending

 
rgquirements.

 .

          Tabl6 2 Bending condition

with  5D  radius  for reference.

Bending  radius (mrn)

Bendingspeed (mmts)

Heatingtemperature (eC)

Excitingvoltage (v)

Excitingcurrent (A)

Maincircuitvoltage (v)

Eleetriepower (kW)

Time  lag*2 (s)

Clamppressure (kgtcmi)

Operation

Cooling condition

Aircooling

dr-'3
 b"Tesmao"5

 ..5P. ..(1080)
  O,569oot-910

/i'

182.5415--4206545

Water  cooling  
*i

3D  (650)
5D  (1080)
  O,56900--91O182.4415N420as

80
/i1r

40
 .t..t--. ...-
80

Manual  Manual

                *i  Water  cooling  after  lapse of  some  time

                
"S

 Time  lag when  pipe bending  is begun  after  heating

                           5. Mpagurement  of  Residual Stress

  Generally, the  cold  and  hot worked  parts or  weld  zone  in steel  retain  the  residual  stresses,  and  it

is for this reason  that the classification  societies  specify  the  postheating as mentioned  in the earlier

paragraph.  With  a  view  to determining  how  much  of  such  a  residual  stress  would  continue  to rernain

in a  bend  after  hot bending  if the  postheating were  omitted,  residual  stresse$  were  measured  in the

tests  at  the outside  wall  of  the bend  where  the stress  was  considered  greatest, and  the results  thereby

ebtained  were  checked  against  the  stresses  measured  on  the  nonpostheated  bend  for comparison.

         
'
 l ,L Z2

                                                                ,
                                

E.2
                                

.J
                                                            tt

                          .-'X

                         
'

 
's

 s'
                 " A

                                  y if 
".-

                 
･ s

      Fig. 2 Measurement  positions of  residual  stress  of low
             steel  pipe bends-by  high frequency induction

Fig. 2 shows  the  location where  the  measurements  were  made,

the  measurements.  Also, Photo. 2 shows  a scene  of

stress,  the following equation  was  used.

                                              E
                        Residual  Stress= ax  erv=
                                             1-vs

                                                E=

"b,

            5

   Strain GuEge  
'

      Type  .,,.,..,.,..PC 5

      Guage  Length...Smm

      Direction........2 Axis

      alloy  steel  pipe bend$-1  Cr-S  Mo

     heating pipe bending  rnethod

         and  Figs. 3 to 5 give the  results  ef

measurements.  In dealing with  the  residual

   (Et orr+  Vtevor x)

    21 × 103, V=O.3
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     Fig.5  Residual stresses  of  5D  pipe bends Photo.

 Measured  at  the ouhide  wall  of  the bend where  the

highest value  oB  the 3D radius  bend was  7kglmmt  (in
and  S.7kgtcmS  (in lengitudinal direction) when  cooled

bend was  5.0kgirnmi when  ccoled  with  air  and

residual'  stTegs  being registered  on  either  radius  bend  with

  With the postheating, the residual  stress  ef 7kslmm:

with  air  would  decrease to 5.8kglmniS  after  650"C F.C. and

similar manner,  the residual  stress  of  8.7kglmmS  measured

water  would  decrease to -5.5kslmm:  after  6500F F.C. and

joint in a  steel  pipe with  as  much  wall  thickness as  that

the residual  stress  which  is cleee  to  the  yielding point,

less after stress  relieving.  The･ specified  yield point for

kg/mmS, and  one  third of  21kgimmt  is 7kg/mm:.  It

7ksimmS  on  the  3D  radiils  bend  and  5.0kgtmrn:  on  the

would  do  no  harm  for practical purpeses.

                            6. Materia1 Test and

  Various  types of  test specirnenB  were  taken  from the

stress  yvas  highest. For this purpose, the test pipe

7200C, se  that the test specimens  taken  in

  Fig. 6 shows  the  locatiens where  the specimens  were

      s.

3D  pipebends  by

2 Residual  stresses  ofpipebends

      residual  stress  was  considered  greatest, the

    longitudinal direction) whei!  cooled  with  air

     with  divaber while  the stress  on  the  5D  radius

-22.5kgtmmS  when  coo1ed  with water,  thus less

       air  cooling  than  with  water  cooling.

    measured  on  the  3D  radius  bend when  cooled

        to -1.5kklibmt  after  720"C F.C. In the

        on  the 3D  radius  beBd when  coo1ed  with

       to 2.0kg/mmt  after  7eoeC  F.C. A  welded

       of the test pipe is known  to usually  retain

    and  the stress  wili  decrease to one  third or

        the test  pipe used  in the tests is over  21

   is considered  the residual  stress  of  the order ef

      5D  radius  bend in as-air  cooled  condition

            Observation

             outside  wall  of  the bend  where  the tensile

       was  usecl  as  bent  and  as  postheated at  650DC and

different conditiens  could  be examined  for comparison.

          taken.

,
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cooling  method  can  make  from  another

in consequential  results  will  clearly  be
seen.  Yield strength,  elongation,  and

contraction  of  area  declined inversely
in contrast  with  the tensi!e  strength

but after  the post-heat  treatment  at

650eC and  720eC  the  properties such  as

would  be observed  in as-received  con-

dition were  obtained.  Alse, no  effect

of  different post-heating temperatures,

650eC  and  7200C,  was  recognizable.

  The difference between the air  and

water  cooling  effects  was  evident  to see

on  the  5D  radius  bend as  well  but was

not  so pronounced  as  on  the  3D radius

bend, and  the  yield strength  on  the

air-cooled  5D  radius  bend  was  found

slightly  high while  the tensile proper-

ties were  the  same  as  those observed

in as-received  condition.

  Tensile properties at  550eC  showed

the  same  tendency  as  they  did at  reorn

temperature,  tensile strength  and  yield
strength  being lower by  5-10kglmmS

and  contraction  of  area  being smaller

hy  5-･10%  than  at  room  temperature.

  It can  therefore be  said  that with  a

bending  radius  of  the order  of 5D, no

change  occurs  in the tensile properties

of  the  pipe metal  if cooled  with  air

and,  though  the tensile strength  on  the

3D  radius  bend  is 60 kglmmS,  elongation

percentage  of  more  than  30%  is as-

sured.

  6-2 Flattening Test

  50mm  wide  fiattening test specimens  were

specimen  was  positioned so  that  its tension

(inside wall  of the  bend)  would  be  on  a

compression  force applied  by the tester.

  6-1 Tensile Test

  
Fig.

 
7
 are  given  the results  of tensile tests conducted  at  room  temperature  and  5500C. respectively.

Tensile strength  measured  at  the  room  temperature  on  the  3D  radius  bend  was  60kglmmS  in as-air

cooled  condition  and  about  69.4kglmmS  in as-water  cooled  condition  as against  the strength  of about

45 kgfmmS  mea$ured  in as-received  eon-
                                                      elattentng  Vvlt  epee ±ee4

dition, from which  a  difference one  

                                             h 1co
                                    et  sptc ±"-

d

"

Fig.

    taken

    side

horizontal

Fig. 6 Test specimens  taken  of  pipe bends

                    kr--1  ti-pspttuTe
             

v.-------550 COc)
     e---e,af  Titza pe±nt  a-.-gleneLttpn
    --.-tsMSk  -tr-ngth  i---Mau"tlon  ef tN-1oopaee7eEase4ele20lo

 e100coacrc6o5o#oJO2elo

 e
        bt-t  Gsaec  T20  "e  heAt  6soc  72o"e
  "eza1  tre-thtt  iU  =lh  t"#t-ent  Ilh  xth

 7 Relation between  mechanical  properties and

   heat treatment  at normal  temperature  and

   55oec

  from  the test pipe. In the  flattening tests, each

(outside wall  of  the  bend) and  compression  side

 line, at the right  angles  with  the  directien of the
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  The  fiattening tests were  conducted  in aecordance  with  the test procedure  specified  by Japanese
Industrial Standard, ' .

  The  tests were  completed  with  satisfactory  results,  without  an  incidence of  c[acking,  etc.

  6-3  Hardness Test '

  Check  was  made  of  the  distribution of  hardness  in radial  (wall thickness)  direction at  the  tension

,and
 cornpression  sides  of the bend  preduced,  with  the results  as  shDwn  in Figs. 8 and  9, Harclness

Teadings  taken  at  three to four locations on  the outside  wall  of  the  bend are  averaged;  it can  be
seen

 
that

 the greater degree  of hardening takes  places on  the  small,  3D  radius  bend, the  values  being
higher by about  40 in Vicker's hardness  than  on  the  5D  radius  bend. Also, comparison  between  water
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  The  bend  produced  with  the 5D  radius  and  examined  in as-air  cooled  cendition'  showed  no  effect  of

hot bending  at  all,  whereas  a  slight  sign  of  hardening  was  observed  in as-water  cooled  condition.  The
bend formed  to the 3D  radius  and  examined  in as-air  cooled  condition  showed  about  180 Vicker's

hardness, which  value  is almost  the  same  as  that  of  the heat  affected  zone  created  on  steel  by arc-

welding  and  stress-relieyed,  and  is therefore considered  to suggest  no  diMculty  in practical use.

  6-4 Impact Test 
'

  2mmV-notch  Charpy impact test specirnens  were  taken  from the tension  side  of  the bend, and  im-

pact tests were  conducted  at  
-600,

 
-40e,

 
-200,

 OO, 200, 400 and  60eC, respectively,  ior determination
of the transient temperature  curve  as  shown  in

Heat Treatment in High Press,ure Pipe Bends  using  High  Frequency Induction Heating

Fig. 10. It was  at  -20eC  that  2vTr15  was  indicated

by  the  specimens  taken from  the air-eooled  3D

radius  bend whereas  it was  at  +40eC  by  the  speci-

mens  taken  from the water-cooled  bend. The  im-

pact  strength  at  OeC  was  6 kg-m/cma with  the speci-

mens  taken  from the air-cooled  bend  and  2.5kg-ml

cma  with  the specimens  from  the  water-cooled  bend.

With  the postheating  at  6500C  and  720"C  thereto

added,  however, temperature  at which  2vTr15 would

appear  reached  near  
-60"C,

 evidencing  the qualita-
tive improvement, and  the  transient  temperature

also  dropped  to less than  
-400C.

  It appears  that no  specific  requirements  are  given

in the classification  societies'  rules  as  regards  the

impact strength  of  the hot-bent part of steel  pipe,

but the strength  of  15tt-lb (2.6kg-mfcmt, 2vTr15)

and  above  at  OeC  would  seem  suMcient,  taking  into

account  the  possibility of  brittle fracture occurring

at  the  time  of hydrostatic pressure  test.

  The  bend  produced  by  the high frequency induc-

tion heating to be cooled  with  air  would  have  the

mpact  strength  of  6 kg-mlcm2  if the postheating was

iomitted, which  is considered  to be  suMcient  for
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  6-5 Creep Rupture Test

  The  high-pressure steam  pipes subjected  to sustained  service  at  elevated  temperatures  are  required

to  have  leng-lasting strength.  The  common  method  of determining  the  material  strength  for high-

pressure, long-time service  is the creep  rupture  test. In the tests carried  out  this time, test  specimens

were  taken  for that  purpose  from  the  3D raclius bencls, as  air-cooled,  as  postheated  at  650eC  and

720"C, and  as  water-cooled,  and  from  the  5D  bends, as air-cooled  and  as  water-cooled,  respectively.

The  creep  rupture  tests were  conducted  on  these test specimens  at  5500C. Actua!ly, the tests were

commissioned  to Metal  Engineering  Research  Institute of  Science and  Technology Agency. The  tester

                                                               Mndtne  Cool ±ng -tt

                                                               rtdtus  cohd ±tiop trtet-Et

                                                       
----o Jp iir  ced) ±ng sua

                       .' '
 -  J) VLtereecltne  

"                                '
                  
                1co  

                  

                  

                5

                
4
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Fig. 13

        

                                  Mm-SLi

    Fig. 12 Creep  test result  of  high  frequency  induction heating pipe bend
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by
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applied

                                      while  keeping the dimensions of  test specimens

  constant.

    The  rupture  cllrves  are  shown  in Figs. 11 and

  12, and  the master  rupture  curve  by Larsin, Miller

  method  in Fig. 13, respectively.  Figs. 11 and  12

  are  given the data  from  experiments  made  in

  foreign cDuntries,  in a  combined  from  represented

  by upper  and  lower limits.

    It can  be seen  frorn the  curve  that  each  non-

  postheated  specimen  stands  close  to the upper

  limit with  1,OOO hours or  less but shows  a  de-

  cline  toward  the  lower  limit when  estimated  for

  1oo,OOO hours' duration, i.e., al! the four test

  specimens  are  shown  to decline after  about  1,OOO

  hours. Fig. 11 shows  the behavior  of  the  test

  specirnens  taken  from the air-cooled  3D  radius

  bend, of  which  the  specimen,  as  postheated  at

           T{2o+:est}rie-i  lower  limits and  that po$theated at  720"C stands

Master  rupture  curves  by R.M. method  close  to the  lower limit while  in short-tirne  du-
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ration  but nears  the upper  limit

when  estimated  for 1oo,OOO heurs'

duration with  its rupture  strength

reaching  the high  of 7.4 kgtmmS  as

against  5.0 kglmmt  of the speeimen

tzken  in as-air cooled  conditien.

 Allowable stress  for 1Cr-e.5Mo

steel  at 550"C is specified  by the

power  plant engineering  standard

to be 3.8kg/mmS for 1oo,OOO hours

and  when  calculated  by  the formula

specified  in the standard,  the aver-

age  strength  of not  less than  4.75

kslmmt  at 5500C fer duration of

100,OOO hours can  be  considered  ac-

ceptable.

  Lloyd's Register of Shipping rules

and  regulations  (1969) specify  the

strength  of  5.ekglmmS  at 550eC for

1oo,OOO hours as  acceptable  whereas

NK  rules  make  it 4.5kglmmS.

  On  the basis of Figs. 6, 7, the

specimens  taken  frorn the 3D radius

bend, as  postheated, show  the

strength  of 5.6 kgtmmS  after  650"C

F.C. and  7.4kglmm,  after 7eo"C

F.C.  while  those taken from the

3D  radius  bend, as  air-cooled,  show

slightly lower strength  of 5.0ksi

mmS,  and  those from the air-cooled

5D  radius  bend the  strength  of  5.2

kgtmmt.

  All the specimens,  therefere,

sltow  the strength  values  equai  to

er  in excess  ef the Lloyd's require-

 ments  which  specify  the highest

strength.  The  specimens  taken

from  the 3D  radius  bend, as  water-

cooled,  registered  the strength  of

 5.0kelmmt and  those trom  the 5D

radius  bend, taken  as  water･cooled,

 the  strength  of  4.5kglmmS,  both of

 which  rneet  the  NK  requirements

but fail to satisfy  either  power

 plant engineering  standard  or

 Lleyd's rules.

bmSen  stie

t/,t-.g,:

1

  "cre

O
       Co-pe-esSeniM-  ""ctten

        B M T

i'tk-g,//Y,y/i･iliillC;"iS.k

'

.

'

,

,`i-

tT.x}
,iagiS:

i

i"'$･/j. //t
'

,/{
･tk.iii

 -"ttttr-t  --"-la"wwt-t"kt-ttt-ttt-t.t .- tww ttttttintt-lm--ttt t t tt tN-ew

2g,.

'alt
k

,,.
･s

-

,g/g

st

,/Y
･ltt

-.k

'

g;g;gXf
i.//2,;i,S,,,lj

'

g
"

g,i/S･Xby,gi,"

4

5

6

7

E
'

                   wwimaep--u--L.

E'Exsl/t'-ec,.,siill

'

Ii.Il-ii.-･lllil
tu

sri
,f:,i

lt

g'ij#

k/figiiewi$/gki\g's/y,i,iig,iif$･#x,.,,\'tkgs･i$'

g
x
,,

g
..

"

･ge,///･-

,/k

iS,illilliikiiiii,-/j}MSt,iXi ,,

"

livililS,-,,.

n

il\.,ilil,,gei

s

/kl/kx

li,it.,ij#,X#i,is iISi･ $･ li,l,: 
,./t
 

.?k

"

.,ll,

wo

1. Parent metal  4. 3D, 650"Cxlh  Z  5D,Watercooling
2. 3D, Air coeling  5. 3D, Water  cooling

3. 3D, 720"Cxlh  6. 5D, Air cooling

Photo. 3 Microstructure of pipe bends (x1oo) (Tension side)
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 6-6  Microstructllre

 Photo. 3 shows  micro$tructures  (at × 1oo magnification)  taken  at  the tension side  of  the bend. All

are  of  ferrite-Pearlite structure,  of slightly  finer crystal  grain structure  as  compared  with  those of the

speciftiens  taken'in  as-received  condition,  the  specimen,  as  heat-treated at
 
720"C,

 
showing

 
especially

fine ctystal  grain structure.  Even  with  water  cooling  which  exerts the greatest cooling  effect,  no  sign
    ttof

 hard, martensite  structure  is recognizable.  
･
 .

                                     7. Conelusion                                                             '

  Through  a  series  of  experiments  made  with  the air  cooling  and  water  cooling  in conjunction  with

the bending of  1Cr-O.5 Mo  test steel  pipe  by  the  high  frequency inductiori heating methed,  in which

the bends  were  produced  and  then  cooled  with  air  or  cooled  with  water-spray  applied  on  the pipe

wall  about  3oomm  from  the  heating coil  instead of  being  cooled  with  water  from the  heating coil

mmediately  after  bending  as  in usual  practice,  with  or  without  subsequent  postheating, the  following

conclusions  may  be  drawn.

  7-1 The  residual  stress  in non-postheated  bends  was  found  to be  smaller  when  cooled  with  air  than

when  cooled  with  water.  In fact, the stresses  in 3D and  5D  radius  bends  were  not  more  than  7kgt

mm2  showing  no  appreciable  difference from those  observed  in the postheated  bends.

  With  air  cooling  applied,  the residual  stress in non-postheated  bends  weuld  therefore  be of no  such

order  as  to suggest  diMculty for practical purposes.

  7-2 Mechunical  properties  in the non-postheated,  air-cooled  bend showed  relatively  small  amount

of  increase as  regards  the hardness  and  strength  as  compared  with  the  water-cooled  bend;  even  the

small,  3D  radius  bend  showed  only  slight  increases in the tensile strength  and  hardnessl and  the

elongation  percentage  of not  le$s than  30%  was  assured.  The  5D  radius  bend, as  air-cooled,  among

others  showed  nearly  the  same  properties as  the postheated  bend  with  no  sign  of effect  from bending･

  Notch toughness  in the 3D radius  bend, as  water-cooled,  was  shown  to be notably  insuMcient  but,

as  air-cooled,  indicated 2vTr15  at  -200C  and  impact strength  of 6kg-mfcm2 at  ODC, which  are  
con-

sidered  to be  relatively  high. With  the postheating  applied  after  bending, nearly  the same  properties

as  in as-air  cooled  condition  were  obtained.

  7-3 Creep rupture  strength  of  the 3D radius  bend, as  air-cooled,  when  estirnated  for 100,OOO hours'

duration  at  550eC, was  5.0kglmm:  and  that of the  5D  radius  bend 5,2kg!mmS, whereas  the  3D  radiu$

bend, as  water-cooled,  indicated the strength  of  5.0kg/mmS  and  the 5D  radius  bend, also  as  water-

cooled,  4.5kgtmmS.  It can  therefore be seen  that  of  the non-post-heated  bends  those cooled  with  air

offer  suMcient  strength  to meet  the rule  requirements.

  From  all  the  foregoing  it is concludecl  that  the  postheating  can  be  omitted  for the 1 Cr-O.5Mo  steel

 pipe by  adoption  of  air  cooling  after  bending where  its diameter  and  wall  thickness  appreximate  those

of  the  test pipe used  in the above  tests.
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