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Prediction Model of the Exit Cross Sectional Shape of 
WorkDiece in Round-Oval-Round Pass Rolling 

u Lee* 
Hate, Rod & W e / d i n g  Grow~ at 7~chns Research Laboragor~ies, 

Poha~'tg Iron and Stee! Couz  (POSCO) ,  Pohang, P. O. Box 36 Korea 

Bym~g Min Kim, D~ng Hwan Kim 
School q/" Mechanica: Kng#~eedng P,~san Ncetionat Unirersio; .:h,san 6(;~) ,-- 73s Korea 

A reliable analytic  model  fl~at: predicts the surtEce profile o f  ~he exit c~oss section o f  workpiece  

in r o u n d . o v a I  (or  oval round)  pass  sequence  is estabiisbed~ T h e  presented mode l  does  no t  

r equke  any plast ici ty theory but  needs d~e only geometr ic  in ibrmat ion  on  workpiece  and roit 

groox, e: F o r m u l a t i o n  is based on the linear in terpola t ion  of  the radius of  c u r v a u r e  o f  an 

incoming  workpiece  a~d that  o f  roll g roove  in ~he roll axis direct ion when fl~e max imum spread 

o f  workpiece  i k n o w n  beforehand,  t h e  validity o f  ff~e analyt ic  mode l  is examined  by  ho t  rod 

rolE~g exper imem wkh d~e roll  gap, specimen siz< design parameter  of' oval groo,ee and  steel 

g rade  c h a n g e d  Resul ts  reveaied that  ff~e cross sect ional  shapes predic ted  by the m o d e l  were i n  

good agreement  with those ob ta ined  experimental/y~ We Rmnd that  ~he analytic  model  no t  only  

has s impl ic i ty  and accuracy for practical  usage bu t  also saves a large amoun t  o f  comp~.~tationa[ 

t ime in compar i son  wi th  finite d e m e n t  m e t h o d  

Key W o r d s  : Analyt ic  Model ,  Surface Piofi ie  Round  Pass, Oval Pass; Rod Rol l ing  

N o l n e n e | a t u r e  

~,~ Area ~rac~,on of wor~piece above roll 

groo~.e when the cross sec~mns of work- 

pmce and roll groove are over lapped 

As Area N-acuon o l  ~orkp~ecc cln Ollt hv ~, 

a~ ~ne ms,  de roll groove ~.hen the cross 

sec~mns o[ workmece  and r o l l  } 2 r o o v e  are 

overlapped 

B [n|erval o f  ~wo cross o m m s  m ~he roll 

ax> dbec{~on when me crob,, see[tons ol 
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B x coord ina te  o~ cross poim o~ ~ur~acc 
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B ~ coord ina te  of  cross pom[ o f  surface 

profiie arm ova~ groove  
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:v coord ina te  of  cross p rom o/ worKD~ece 

and roll groove 

y coordh/a te  of  cross po in t  o f  workpmce  

and roll eroovc 

Roll deplh 

Distance between fhe comer round  

groove anti tha{ of  s~riac< qroltle 

Roll gap 

Ma• height  ,,~ incoming  workp~ece 

Maximum w~dlh {~ m c o n m g  worgpJcue 

EqmvMent  hmght of  incoming  workmece  

EquivMent height  e~f outgoing vor~pmcc 

: Pass height  

Radius }~ curvature  oi r g~oov{ 

Radms  of  final surface profi}e ~- ova[ 

g r o o v e  

Radim o~ curvature o f  round  groove 

Maximum radius -~ roll 

Mean r a d m s  oz roll 

Radms of  surface profile m workpmce  al 

a pass 

}:ace w~d~l~ o f  oval groove 
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Wmax ~ M a x m I u m  s p r e a d  oF w o r k p : e c e  a:  a p a %  

c~ : R e l i e f  a n g l e  o f  r o u n d  e r o o v e  

}, " C o r r e c t i o n  coef}]c ient  d e p e n d e m  {m r~ass 

:ype  

Jo l n t r o d u c ~ o ~  

I:n c o m i n u o t m  h o t  r o d  o r  b a r  r o l l i n g  p r o c e s s .  

b i l l e t s  are  p r o c e s s e d  m H ,  r o d s  o r  b a r s  w i t h  

a c c e p t a b l e  d i m e n s / o n a |  t o l e r a n c e  ~s l h ( ,  p a s s  

d K o u g h  the  r o l l i n  g s t a n d s  p a s s e s  v~th ~he c r o s s  

s e c t i o n a l  s n a p e  b e i n g  p r o g r e s s i v e l }  a l t e r e d  l ] 'm~ 

d prec i se  p r e d i c t i o n  of the  ~ r e s s  free ~urfiace 

prol : i | e  o f  m a t e r i a l  { w o r k m e c e  ma~ d o e s  no~ 

c o n t a c t  the  ro l l  d i r ec t |~  is c r u c m l  m d e s i g m n g  a 

r o i l i n g  s c h e d u l e  and  o p u m ~ z m g  t Stress  /%ee 

suNi ice  p r o @ e  iq e tbKed  m as su r face  p r o t ] l e  

t~ereafle, fi:~r c o n v e m e n c e .  | n  a d d i t i o n  w h e n  we  

need  ~o c o m p u t e  t he  t h e r m o -  m e c h a n i c a l  p a r a m e -  

ter. ~ s t ra in_ s G a i n  r a : e  a n d  K :mperamre~ .  w h i c h  

are  necessa]  b H)r p r e d i c t i n g  m a m r m ~ s  m i c r o -  

s t r u c t u r a l  s t m e  m e a n  aus l en ] t e  g r a m  s ize  and 

r e c r } s t a | H z e d  v o l u m e  l ] a c t i o n  e w  m a v e r a g e  

sense,  dm"ing  r o l b n g  we s h o u l d  {]rst be a b l e  ~o 

0redtc{ lbe  s u N a e e  proFde  o/ the  ex~l c ros s  s e t :don  

b e c a u s e  t h o s e  p a r a m m e r s  ark  dKec t ly  d e p e n d e m  

on it. ']"his l e a d s  a p r oc e s s  d e s i g n e r  (o r  a n a l y s u  ~o 

Incus  on h o w  to m a k e  a m o d e l  for  p r e d i c t i n g  @e  

s u r l a c e  p r o f i l e  i.e.. c ross  s e c u { m a l  s h a p e /  o 

w o r k p m c e  m a g / y e n  p a s s  o v e r  ~, r a n g e  o f  r o l l i n~  

p a r a m e t e r s  

hs tl~e pas t .  t he  p r o c e s s  d e s i g n e r  r e l i e d  on  @e 

e m p i r i c a l  mode[  based  on  Ky~m~ in  mi l l  y a r d  tes~ 

r h e s e  m o d e l s  were  m c o n ] u n c t i o n  wl th  m e  H~r 

m u l a e  e m p l o y e d  ~n p l a t e  r o l / i n e  l o g e t h e r  wi@ 

Fitting cons<ares  o n  a bas i s  o f  w M e - r a n g e d  e >  

p e r i m e n t a l  d a t a  w h k ' h  r e q u i r e  h t g h  c o s l  a n d  , 

lot  o1 d i n e  T h e s e  are  wel l  ~ u m m a r l z e d  m Rel 

W u s a r o w s k i  19{-,9 Fhis WPV o f  m o d e l  how~ 

ever  m o s l  l i ke iy  l e a d e d  R~ unsa t i s f i~c tory  resu l t s  

b e c a u s e  t d*( no< p r o p e r l y  t a k e  mH~ a c c o u m  the 

r o l l i n g  p a r a m e t e r s  ussc}cialed wHh rod  ~] n a t  

ro~ li n s .  

Shin< ~.m-a am~ Taka~ { ~993 p r o p o s e d  aH 

e q u a H o n  w h i c h  p red ]Gs  t he  m a ' , m m m  - p r e a d  ,~ 

an  o u : g o m g  exH w o r k @ e c e  as a "unct ion  o the 

ro/~ r a d i u s  the ~:eomelr} o: m: m c o m : n ~  i: : :et  

workpmc~  m d  m e  mL~u f r a c t i o n  b e [ w e e n  the  

h ~ c o m m g  w o r k p i e c e  ~lnd ~he g e o m e G y  ~H ro l i  

~,.roo~e, T h e n  they p r e s e m e d  a n :ode l  hH" Dredic,~ 

u n g  me  s u r i a c e  pro<He o f  ex i t  c ross  see-don n an 

o v a l  ~ass  r o l l i n g  T h e  s u N a c e  orof'He, h o ~ e v e r .  

was  apDrOx l ma t ed  as  u C{UWg Co]]s{slin~ tn {we 

rcs. Hence  the  s u r l a e e  p r o f i l e  w a s  no t  s m o o t h  al 

[he po i l ] t  o f  the m a x K n m n  spread.  K e m p  1990 

p ~ o o o s e d  a de l k ) rma i / on  m o d e l  ~{~ c a b l ~ / a l e  rne 

s u r l a c e  p r o f i l e  o f  a w o r a p m c e  m an o v a l  g r o o v e  

and  8 r o u n a  5 r e e v e  rolhI~g,  and  c o n ] p a r e d  ll]e 

p rea /cLea  su r f ace  pro<l ie  w/Hr the  e x p e N m e m a [  y 

d e l e r r m n e d  smTace p r o f i l e  K e m p  / 9 9 0 ) .  how~ 

ever  d~d no{ Dresem lhe  e q u a u o n s  l s e a  [b r  me 

p r e d i c t { o n  o (  i t  

Since  I990  ;~ n u m b e r  o f  n u m e r i c a l  s t ud i e s  o~ 

u'le bas i s  o f  / n t e e - a i m e n s / o m d  f{ni/e c m m c m  

an:d~s~s h a v e  been p r e s e m e d  l b r  predicd{~ Z me  

suNhce  p ro f i l e  o f  w o r k p i e c e  durh~g~ r<m ,,, bar  

r o I h n g  Park  and  O h  1990. K i n :  e~ aL 1992 

Sh in  e~ a ] .  1992: K o m o r i  [997 .  K w t  / ~n tt~d brl 

1998: Km'~ a n d  h n  ~99~,) F E A  is vet} ef fec t ive  m 

p r e d i c t i n g  t he  c ros s  s e c u o n a [  smH~e su r face  DH> 

file o f  w o r k p i e c e  m n  r e o m r e s  a~ {easl h a l f  an 

s o u r  ~o run  a p r o g r a m  l b r  a s~ns Fans s i n c e  flweu 

d m e n s i o n a /  ana1~sm m r e q u i r e d  in n a t u r e  [ h u s  

cons l de r{n~  c o m p u [ a H o n a ~  {line ~<H ,, nun~ber <H 

passes  ~ rod  m i l l  al id  c o m p l i c a t e d  b o u n d a r ~  

c o n d u ~ o n s  ]ic[H)n c o e m c , e m  on  the  ro l l  n ine  

Na~ in{eH~ce m d  nero { rans ie r  coefFic iems ~:e- 

p e l m e n /  e l  tnc i em }era lure  m d  ro l l  pre . , sure ,  

the : a p a b ~ b t y  Hw ared ic t{n~  the  c ross  s ecHona l  

qha )c Dy ~H] a l ] a lv t l c  n]ode] w}llch ~ Hon Her 

a< v< m :omFma~ion ]rid ~ o~ reliable accuracy 

has been h i g h l y  des i red .  

HI th i s  sRldy,  uH. a l l a l } H c  m o d d  that ~}reuicts 

m c  c ross  s e c t / o n a |  s h a p e  oi worKp/ece  in ova]  an{1 

[ o u n o  Pass  "o[lirQ4 >uqHeilces. \~,IHCI'I [re m o q  

w'[Oe{~ c~] Die}eLl IH FO{I or ha{ ro[hl]~a process 

i~ propo~{e{~ Fi]c u~oss >ccHona d r a p e  o~ u~ 

o m ~ o m g  v,,o~<plece "nedicted b} w.D g 

wei~tmna mncHon and the h n e a r  inie~ooIatK~ ~ o~ 

:}'~e r a d i u s  >f c u r v a t u r e  o1 an I I~comlng  w o r } p / e c c  

and  t h a i  (}f ro | l  ~ r o o v e  H] [he ro l l  t ~  HteCHO~ 

ghe| he ~]%axH:]un] S[3IOLi{ el | t  IS K| O\,'vl] heR)re*, 

har)d. <he reot l l reme~]ts  DD{co{I on  the  c~rolcc o]" 

the w e i s  unclio~q ~ e r e  [o  e n s u r e  m e  ~pec 

Copyright (C) 2003 NuriMedia Co., Ltd. 
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i f i ed  bounda~ .~  c o n d l t m , ~ s  

Che  va}i&~ o f  t h e  ~ r e s e r u e a  ana /b t ' ~c  m o d e l  ~s; 

e x a m i n e d  b .  ho~ r o d  r o l l i n g  e x p e n m e m  ~ ~'w~, 

h / ~ h  l a b o r a ~ o r  vmU w m ~  D C I  { D u c t i l e  C a s t i n g  

I r o n  r o l l  o f  3 l O m m  d~ame~c~ w a ~  u s e d  | , x p c n  

m e r e  m c { u d e d  ~he c h a n g e s  ~ ~ ro l l  g a p  / p a s s  

~ e ~ h l  . ;~ d m m e l e r  ol moo nina s p e c m ? e n ,  iii  

d e s u . , n  ~ a r a m m e ~  ~ d l h e  o v a l  ~eroove.  ~v r m t o  o /  

-oH d l a m e t e ~  /o  - p e c m , e n  m a m e ~ m  a n d  , s{eel  

g a ~ c b  ~e r o H ~ r g  t e m p c r a ~ m c  u ~ d  I r l e ~ o n  

co/]d~ l o n g  b e t w e e n  w o r ~  m e t e  a ~ d  r o l l  g r o o v e s  

w e r e  h x e d .  F h e  cr~a~ < ; e d i o n a /  s u a p e s  ~ t h e  

a, og~p~cc~- m e a s u r e d  a~ r o o m  ~ e m o e r a u l r e  a l /e l  

e a c h  pa'-:s w e r e  c o m p a r e d  ~v~h t h o s e  c a | c u l m e d  by  

~c  a ~ m ~ v u c  too<teL 

II, A"-A~'~176 a n d  H -  \ , , - A , .  2 
B 

W~ ar id  / l  a r e  re~pec{~ve~!, m e  m a x / m u m  w ~ l t h  

2. Preblem Formu|ati~m 

Fhe  f i ~ r n ' m i a H o ~  ~. o a s c ~  on ~he m a x m m m  

~ m e a d i o r m u { a  S h m o k u r a  a ~ d ' F a ~ a i  ~gg~ a~m 

t h e  /i ~ear m ~ e ~ o i ~ u ~ o n  ~ e c h m q u e  o f  d~e g e o m e t r }  

x a~ m c o m m ~  w o r k p ~ e c e  m,t d l a {  o f  r o l l  g r o o v e  

m [[~c ro{l ax~x d ~ r e d l ~  

Fig~ \ p p h c a t l o O  ~ ~ t~vafel~l  r c d a l ~ a | e  a p p r o x ~  

I~allo~ {o r O n D O  ova~ DaSS {'t [ Ca]c~l~a~H~g H~r 

el lec{/ve h!2i~Di {ol ~OFRD~eCr a m i  ihc a rea  

~racuo~l bdweer~  [he  m o o n  m g  v, or~ >~ccc a~l{'~ 

he g e o m e t r y  o~ ro l l  j r ,  o r e  

2.1 M a x i m u m  s p r e a d  m o d e l  h~ ~?vaJ r{mnd 

~r r~ tmd ~ a ~  ~ a s s  rMH~Z 

- ~ m m ~ k ~ r ~  a n d  T a k a i  ~ g g ~  c a r r m ~  m a~  

c a o e r m ~ e m  t ru ing  ~ pdo~  ho~ r o | l m a  m i l l  m m  

d e v e / o r ) e ( /  m e  maxmmt,~ @ r e a d  f o r m u k ~  i~r . 

m, ~ s~eel ] i S  5 S 4 1 7  m / o ~ r  ~2pes ,,~ p a s s e s .  

m c i u d u  ,, S t  u a r e - O v a l  R o a r e d  ( ) v a ~  " , . ,~a~c  

D m m o a d  a n t i  D i a m o ~ d ~  D i a m o n d  T h e  i d e a  b e -  

h ind t h e / /  ~ o r m u | a e  w a s  {llal [[lc ]]]aXi]l][l[]~ h p r e a d  

o/  a~ o m g o m g  , ~ , o r k p m c e  c . ~  be  e x p r e s s e r ]  . ~  a 

u~ lxd~on  o f  ~ e  r o [ |  r a m u s  h e  g e o m e t r y  ~ aH 

m c o m  u~z w o r k  x e c e  amI  h< ~ r e a  i r a c H o n  oe~ 

~wee~  I ~c f ~ c o m m g  w o r K p m c e  am~ d~e g e o m e w v  

o~ r o l  } 2 r o o v e  k i g t ~ r c s  a ~  2 I}u~draW ~he 

d e ~ u ~ x m  o~ ~rea l r a d i o n  a n d  e q m v a l e m  h e ~ m s  

-~ r o t m u  o v a l  a n d  o ~ a /  r o m ? d  p a s s  r o l l i n g ,  a ~  

e x a m f  ' [ h e  eoua~i{ :m t b r  ~be m a x i m u m  s p r e a d  

Wma v~l~ ex  ] r e s s e d  r ~)~|I ....... 

W m a x ' = = W l  I r Y . . . . . . . . . . . . . . . . .  

F~,  2 

%q] ~r( 
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A p p ~ c a ~ x m  o~ e ~ t l t v a ~ e [ d  rec l t~  g~c -DP '  "'-,- 

ir /a |  [Ol] o (~vtt[ ro / l t l  ~ oas;s ~'or c a I c t d a ~ i l ~  m e  

el~eclive he i~h[  ~br ~ o r k m e c c  m ~  he ~rea 

f racuo~l  be[%ed?  ~/~c n c o m m g  ~ o f g D ~ e c e  a~ld 
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and the maximum height of  an i tooming work- 

piece (Le, inlet cross s e c t { o n ) a n d  g is a 

coefficient dependei t  on pass type "Yhls {~)rnmla 

is of  a ~ery simple form and has only a coefficient 

but can predict the maximmx~ spread with 

practical accuracy ShJnokira and Takai (i983) 

p!:oposed that the comm(m value ot  7 for all four 

passes was 0:83. 

2.2  S u r f a e e  p r o f i l e  i~  r o u n d - o v a |  p a s s  

r o l l n g  

The schematic %r the round-oval  pass rolling 

is described in Fig. 3+ When dac incoming round 

workpiece is deformed at lbe inside of oval 

groove and at las~ reaches a{ the fhce width of  

ova+ groove. Wn lhe final surface profile of + the 

delbrmed workp+ecc is assumed ~o be a circle wilh 

radms of Rr The Rf call be then , g proxm~ated a~- 

a radms of ;+ circle which is Iocaied within the  

roll groove are~-~ ant  pa~ses IHrough ~he DOm+s 

.v=:~W~/2 v=O)+ R a i s t h e r a d m s o i c u r v a t m e  

,+= due inle~ cross section+ R,, ~s the ~aotus +f 

cm+vamrc of[he omle|  cross section, and R~ is the 

radius of {He roll g+oove Assuming +hat W., 

.toes no+ exceed W- the w~dth of the roll groove 

area , men R~ ~ given AS 

R,~=:R,~ + W ~ + R ~  + I - W+ 3) 

where W+-= ......... 
W;. -W 

W 
}{ 

+[ ........ j.-." 

f+~+ + Geo l '~eHtc~ l l  +leg/o/> ;HIOf~ Of FOH +lOO\"e+ t h e  

incomt~;g workplece an(J {l~e raam~ ol sur~ao 
profAe. Rs. of [t'/c oregon,s wo~pmce ' 

sound o\,'al pass roihns 

Copyright (C) 2003 NuriMedia Co., Ltd. 

W~ is a weighting {\mction, W, is the width ol  the 

inlet cross section and Wmax is the maxJnim+~ 

spread of" the exit cross section, which can be 

calculated by Eq, ( i ) .  The Re is the ad ius  ~o 

be achieved Whe~ Wmax=We+ The requirements 

placed on the choice of the weighting ftmction 

stem l>om the t~eed {o ensure Eq. ( 3 :  According 

to Eqs. (13) and ( 4 ) R  becomes R~ when Wmax := 

Wi (nO spread at  all), and R+ becomes Re ~q~en 

Wmax =: W~+ 

R+ the rad:iis of a circle located within the roll 

groove area is expressed h:~ a ibrm of 

9 ,a / 
R~Hp+++ iWe~ 4 

Re .................................................................................................. (5) 
2R~ -- W~ 

where H~, iS the height of 1he roll groove 

Derivatiol  procedure {br Re is described i i  detail 

in Appendix  Once Rs is determined the contact 

point C,~+ Cy) can be obtaited. Thei ,  the area of 

the exit cross section can be calculated from 

Y: 

Aova=4 'R~ :+- r ~) ~/~d++q , . f  + + +(R++Hp/2)C+ 

o 

"~ her e D.,-= C,~-- (Wmax/2 - - R )  

2 .3  S u r f a e e  p r e f i l e  i~l oval{ r o u n d  p a s s  

rolh~g 

Fhe geometrical designation of the owd round 

pass ro i i ng  is described in F i g  4 R~ !is the radius 

of curvature of the inlet c~oss section, and Rg is 

the r ~dius of*he :round groove, ,Assume that the 

maximum spread, Wmax does not exceed We+ 

Then, the radius of the surface p~ofile Rs, of  ~he 

exit cross seciion is proposed as follows: 

a , , , .  a~  + we++-a~  + ( l - w y  (?) 

w h e r e  , ................ w ........ (85 

Wt is a weigh(ing function W is the width of (Ire 

inlet cross section and Wm+x is {he maximum 

spread o f  ~he exit 0ross section, which can be 

calculated using E q  ( I )  Note thaL n the romxd 

pass, W.r is equal  to Hp (= 2R~+). Then, the radius 

of ~he final sur~hce profile, Rf., in Eq. (7) can be 

simply replaced by R and subsequently Rs can 
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be ca lcula ted .  It s h o u l d  be no t ed  tha t  E q s  7 

and  g are va l id  u n d e r  | he  c o n d i t i o n  tha~ the 

m a x m m m  .,pread o f  the o u t g o i n g  workpJece  is 

n m  grea~er H~at~ r o u n d  g r o o v e  diameter~ and 

D,~+(_;/2) ~s equal  ~o Rg. I f  D r + G / 2  ~s no~ 

equa l  t o  Rs, H~e r o u n d  rol l  g r o o v e  i~ no t  a r o u n d  

s h a p e  any m o r e  

( ) ace  R. s d e t e r m i n e d  the con tac t  p r o m  C~, 

( ~ can be o b l a i n e d  and  ~he c ross  sec t iona l  a rea  

,s c o m p u t e d  as 

%r<~<u::-4j'iRg~'-~ z UZdx+2Rc"  2~] - - s in  24) 

whe re  0==:sin-~(C~ R~ 

t s h o u l d  be noted | h a t  {he m o d e / i n ~  eoneep~ 

e m p l o y e d  m H~e round- -ova l  pass r o l h n g  can De 

easily ex~ended to the b o x - o v a l  pass  or  {nilial 

b i l le>-box pas~ r o l l i n g  if  tl~e s h a p e  o f  i n c o m i n g  

w o r k p l e c e  ~s rep laced  p r o p e r t y  In lhe  case  o f  the 

box  ova!  pass. the  r a d i u s  o f  c u r v a t u r e  o f  the  inle t  

cross  s e c m m  b e c o m e s  infinite, gh ,s  p r o b l e m  was 

o v e r c o m e  by a s s u m i n g  ~ hat  it is ~wice the  wid th  o f  

me  inlet c ro s s  section~ F o r  flm b i l l e t - b o x  pass< l he  

surthce pro l ] le  ot  the o u t g o i n g  workp iece  was  

a s s u m e a  ~o be ar~proxm~ately a s t r a igm h n e  ~alher 

/ t.,x, cvt  

Ks ~ ~ M ~  

/ D. 

. . . . . .  "" " . ~  ....... Incoming workpiece 

t 

Fig, 4 Geometrical designado,~ or roll groove the 

incoming workptece and lhe radius o fsur lace  

profile. P.<. o f  the outgoing workpiece in oval 

round pass rolling. The Rs on O~e right hand 

~de is omil{ed rot cJari~) 
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t h a n  a curve.  A t  the box  oass~ the mater ia l  ~ow 

such  as ~he m a x m m m  s p r e a d  m a i n l y  inf luenced  

by  the geome t r y  o f  roll  g r o o v e  s h o u l d  be smal l e r  

~han ~hat afl~act~l by ~he geometry  o f  ova /  and  o~ 

r o u n d  ~rooves,  TheretO)re. the coeffkqent.  >', 

affecting lhe n~aximum - p r ea d  o f  worl<mece m 

Eq.  (1) .  m~ghl be less t han  0.83. a s s i gne d  l o t  the 

oval  pass  ~md r o u n d  pass.  

3. Experiment 

3.1 R o l l i n g  e R u i p m e n t  

A single  s tand  ~wo--hign laborator~ mill ,va~ 

e rnployed ,  dr iven  by 75kW co~s~am w r q u e  D (  

mo~(n D C I  rol ls  with 310mm m m a x m m m  3>  

amete r  and 320ram m face w~d~h were used.  [ 'he 

ro l l ing  speed was  se~ a~ 34 ~ p m  wme{~ ~va~ 

e q u i v a l e m  ro ~ r o l l i ng  .peed oI  0.5m - A pox  

~ype f u r na ce  with the m a x i m u m  w o r k i n g  ~em~te~ 

a m r e  o f  [400~'C was  e m p l o y e d  ,~, hea~ up the 

apec imens  [o the desired roll itqg ~emperamre .  

3 .2  S p e e l m e e  p r e p a r a { i o r ~  

T w o  pla in  carbol.i sleels SIOC S W R H 7 2 A  

and  ~wo a l loy  steels SAE9254 .  P O S W E L D 2 B  

were  used J h e  chemica l  c o m p o s i u o n  o f t h e  steels 

used in ihe e x p e r i m e m  is gtven m Fable  ~. Fhe 

ma ,e r i a l s  ~ e r e  o b t a i n e d  in fl~e form of  ~quare ma~ 

~s. a s - c a s t  bi/le~ wi th  a s ide tengH~ o~ / 60ram. T h e  

s p e c m m n s  vo be rol led were  ct<n an0 m a c h i n e d  

i m o  a round  bar  wi th  0 u m m  in dmmete~ and  

300ram in length. T o  stud? the effecl ol m e  r a l m  

of'gt~ec~men size {o w o r k  roll  dmmeteg  roum~ ba~ 

specm?ens wi th  2 8 m m  in d i ame te r  ano 300mm in 

length were  a/so m a c h i n e d  

TaMe 1 Chemical composi t ion w~> o! H~e s~eels 

~lsed m Ibis s~i]~L~ 

< I0(  Fe-0, KI% C- 0,;. J'/~ SI -C45, 

MnO.03*, P-0.035% S 

SWRH72A 1e-0,72~ C-0~25~4f5 Si--0.45~ 

---0.0o7,. P-0,030~D S 

Si-0. 70 ,~ SAE9254 Fe.0,55%~ C-/AO~ - o/ 

Mn-0  035% P-0.045~D S--0 79fi t r 

- 9qo POSWELD2B Fe-0Z)5% C--,0.8__ ~; S~ ~ 1.65 

Mn-0,03 a P-0.03.~ S-0...~a 

C>-0.21 ~j'~ Fi-O.0~% Zr 
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3~ ExlPerimenta] preeedure  

I~x o r d e r  r~ m e a s u r e  m e  rolUn~! ~ e m p e r a m r e  

~ ~ o ~ p ~ e c <  ~he rmocoup~e  t y p e  K) wid~ 

~.0mm in d i a m e t e r  w a s  e m b e d d e d  h i  50ram ~ e e p  

h o l e s  dr~][ed a~ ;he  ta~{ e n d s  o f  the  specm~en.  

Fhe :;pec~rneHs w e r e  s o a k e d  a~ /030'~( or  

n o r a  io  en~m"e i homogel~ot~s ~ e m p e r a l u f e  d~s- 

~r~buQon. W h e n  ~he ce~lmr t e m p e r a t u r e  o f  , pec -  

irrmns r eached  1 0 0 0 " C  m e  {es{s were  co~lduc{ed 

l.o~ r o l l i n g  l h e  s p e c i m e n s  w~lh a dlame~e~ cd 

60turn ~he ro l l  w a s  m a c h i n e d  re  n a v e  ~wo o v m  

g r o o v e s  a n d  ~, r o u i l d  groov< as s h o w n  m } g 5 

/ 
# 

/ -  

=41 ~; v~ :: 6.5 
/ g  

/ 
/ 

I /  [71 IT 

T h e  dd{i:rcmce o f  t h e  ~wo types  of ova~ g r o o v e s  i ,  

{he r a d m s  ,,~ c u r v a t u r e  R> & * i m r - p a s s  r o I | m g  

SeqLm~ce ~ ~  ,, was  ~lso d e s i g n e d  ~o ro l l  m c  

specwncns  ~,v.n :, 28ram d i a m e t e r  o f  2 8 m m  

A specm~en was  f:irs~ re  led in to  fl~e ova~ p a s s  

(l'~b,s 5(~ o r  5 ( b  m me  d e s t r e d  : e m p e r a m r ~  

am1 c~o~ed n au" ~o ~o(m/ t e m p e r a t u r e  ~::'o~ the  

toured p a s s  r(:qhn~ m{ N{trgr~ecc w~a re--nea~eo 

up ~o t he  d e s u e d  l -emperamre {n ~he fl~rnace~ Fhe 

workp~ece  wit l  an ova~ ~hape w a s  dsen ro l l ed  

m~o ~r~, r o u n d  pa~,>, (}-'ig. 5~c a/Iel  h was  

r e m i n d  d?roug[  90 deg ree  a h e m  i{s length, dire<~ 

~ o n .  [{~? ry g m a e s  were  i n s t a l l e d  in iron1 o f  m e  

r( I g r ~ , w e  to m i n i m i z e  s~deway bct?di~lg ofspeu~- 

met? AHor e x p e r m s e m ,  d~e c ros s  sect ion,s  W[l , 

30 ram in ~h~ckness w e r e  o b l a i n e d  hy c u l l i n g  m e  

m i d d l e  ear~ o~ w o r ~ p , e c c  in hs l eng th  d i recdo~  

T h e n  m~{/l~lg m a c h i n e  s m o o i h e d  ~he c ros s  s e c t i o n  

o f  w o r k p m c e  F i n a l l y ,  t h e  c o o r d i n a t e s  . ~ur~3ce 

t~rofi]e a n d  c~oss s e c t i o n a l  a r e a  w e r e  ob~Mned b', 

us~ ng ~he suNEce  p r o h  le r e a d  u" g p r o g  ram ~blh,,~- 

e a b . :  s c a n n i n #  [he c ros s  sect{on o{ w o r k o ~ e c e  

] L,----37~5 

I 

80.88 

j /  

/ \-\ 
K "60,5 

G = 6.S 

[~ [ 1"1 t l ' l  

4. R e s u l t s  

~-U~,,ures ~hrotuzh H} dlu .s t ra te  the  prcd~cmd 

s m m c e  nro{~e  ~d t_~x~[ eros., c.ectJoR a~m ~he 

e x b e r i m e m a U y  o b l a m e d  o n e s  ai th( ~ e r n p e r a m r e  

o f  1000" (  ,v@h t h e  r o ] ] i ~  c o n d : m o n s  ro l l  g r o o v e  

~es~gn. rol~ g a p  a n d  .specimen swc c h a n g e d  

~, a7~5 

i 
( } = 6  

a~ 

in  m m  

Fig~ 5 Rol l  g r o o \ e  Shape and  design parameters  R:~r 

a t,ao pass ~t~iling seqae~iee (a) ()~a (A) 

D~SS (b) Ovai ( B  p a s s a ~ d  ' c ) R o u n d  pass 
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-~-  m x  

Fig~ 6 R d l  g~oove shape  and design paramete r s  l\~r 

a four pass ~o{lh~g sequm~ce 
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Figure 7 shows  the predicted and measured 

cross sectional  shape  o f  workpiece  at the oval 

pa,~+ arid the round  pass when the roll gap is 

6+5ms+ I)ot+ed hnes represem the roll g roove  

shape+ The cross sectional area  measured at room 

+emperamre will mevi tably  be slightly smaller  

man the t+redlc+ed one because the  surface layers 

oxtdized by a+r are scaled off  after exper imem, 

The predicted maximum spread and radius of  

surmce profile exceed slightly {he measured ones 

respectwe[y Fmigure 7{b) demonst ra tes  tha+ the 

moore+rig oval workptece was somehow twisted 

along its length di rect ion du rmg  rolhng, Overall.  

me  predicted cross sectional area ~s iu g~>od 

agreement  with the measured  o~e ~br both passes 

4+1 Effect  of  change of  incomi~g size 

l : igure s illustrates that the m a x m m m  spreaa 

reaches almost  the face wid th  of  oval groove w~en 

the specimen ,o0mm in d iamme;  is rolled As 

expected, the increase ofsr+ec~men diameter  causes 

~he max mmm <p~ead ro increase. Overall [he 

predicted surlifce profile o f  workpmce  ~ l)irly in 

good agreemem with the measured one  rcg:trdless 

o f  the change  o f  incoming  spechnen size Fignres 

' and fi d |us l ra te  that di[]erences be~weeH 

measured pass areas and predic led ones  a~ e m the 

range o12.20~2 7~:, 

'~ 
20 �84 

40 

.20 !- 

.-30 :'+' 

Ova/(}~l pass 
iap~t Rotmd ({,0r 

..... / 
f 

Pass m'ea tram] 
- -  P r e d i c t e d  : 2 1 0 3  

Experime~m~l : 2048 

40 -20 +10 0 
[mm] 

Is) 

30 ~ Round pass 
Ii input: Oval in Fig 7(a) 

JO 20 

+0i 
P ~ s  ~ea b~m +] 

. . . . . . .  Prediemd 1688 
Experimental : i645 

R~Ii groove 

30 40 

Io 

o 

4o 

+30 

30 

0 

.10 

-40 

-30 

+30 

Roll groove 

+30 

~ +I0 0 10 20 
[mm] 

h 
Fig+ 7 Predicted and measured cross sectional shapes Fig+ 8 

R+r the +wo pass roiling ( F i g  5) when a 

specimen with 60mm in diameter is roiied 

Copyright (C) 2003 NuriMedia Co., Ltd. 

Oval(B) pass 
input: Round (6e%) 

Pa,ss m'ea [mm:'i 
............ Predle ed : 2239 

ExperJ+m~iai : 2+9/ 

-30 +20 -I0 0 
O'mrd 

+, 

10 20 30 40 

Round pass 
Input: Ova~ i~ Fig+ 8(a} 

Pass area tram + 

Predicted :I716 
. . . . . .  EXpe~imen~I : b 

+'3O -20 1 0  0 10 2O 30 
[ m m ]  

Predicted and measured cross sectiomd shapes 

for the ~wo pass roiling (Fig+ 5) when a 

specimen with 66mm ire diame+er is rolled 
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4~ RolR g a p  c h a n g e  at  oval pass 

Figure 9 (a) compares the experimemally meao 

sured cross sectional shape wid~ the predicl-ed one 

when the roll gap of  the oval groove decreases {o 

2:5ram. h shows that the predicted maximum 

spread is; larger than the measured one; Careful 

comparison of the owd groove profile with the 

experimemaiiy measured Cross sectional shape of 

deformed workpiece shows "that the roll  gap was 

slightly Iarger ~han 25ram during experiment  

Hence, the height of  workplece became larger 

tha~ ~he pass height, Hv of the ow~l groove  

Consequently; %e measured maximum spread 

was smailer than the predicted one. Figm:e 9(b) 

sbows that the calcu|ated maximum splead is 

larger than the experimentally measured one This 

is quke natural because {he predicted maximum 

spread o[ the wo~kpiece was already targer thar~ 

tlmt by experimem [n the previous oval pass 

(Fig 9 (a) )  
Compariso~ between the predicted surfi, ce 

prol]les and measured o~es is made in Fig, i0(a) 

when fl'-te roll gap of the o~al roll groove is 

b~creased to 10.5ram Good agreemem is tinted 

betwee,~ the predicted surfhce prof]le and the 

measured one, In F i g  10(b), the measured cross 

30 

20 

10 

Ow~I(B) mxs 

Rdl  g~g~ : 25ram 

p~)ss ~ e a  [mini 

-,, - -  P~vdiet{xt : t 8 7  
...... EXperimental :1853 

40 -40 20 -10 0 10 20 30 40 
[mm] 

3O 

2 n 

S~ 
t : l~ I 

E i 

E i ~ 

30 

20 

10 

0 

~t0 

Oval([~) pas I 
i~pm: Rom~d (60r ............. I 

Pass area [ m m ]  
.............. Predicted :2297 
. . . . . .  Exr#erime~fa[ : 2253 

Re>I! gap : i 0 5 ~ * m +  

,okx _a..~ L.~.,oa _1 - -a  , _ L L ~ _ a . =  a J _ ~ .  
40 --30 ,-20 i 0  0 

[mml 
20 

Roared p~;s 
[~put: Ova! ia Fig010(a) 

\ 

�9 , 2 Pass ~ea [ram ] 
-,----- Predicted i 772 
. . . . . .  Experimentah 1742 

30 40  

~20 

Fig. 9 

40 ~ -t0 0 10 20 30 
[ m m ]  

(b) 

Predicted and meaSUred cross sccfionai shapes 
for the two-pass rolling (Fig, 5 when the 
roll gap Of the oval pass was reduced to 
25ram 

3 0  Roll gap : 6,Smm 

~SO ~20 10 0 10 20 30 
[mml 

(b) 

Fig. 10 Predicted and measured cross scxztio~mI 
shapes for the two pass rolIiug (Fig~ 5) 
when the iolI gap of :the Oval pass was 
inceeased ~o 10:5ram 
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sectional shape does not look Iike a ~ound 
shape in comparison with the predicted one., 
whiCh is almost a round shape It implies that the 
workpieee in the round groove has been :twisted 
somehow along its length direction during 
roiling 

To check the twixt: pr(btem ot  workpiece 
duri~g rolling, a new entry guide is installed 
ahead of the round pass, w h c h  is abte to prohibit 
rotation o f  workpiece during rolting Figure I I 
shows the predlcted and experimentally measured 
cross sectional shapes when the new entry guide 
was installed. As can be seem a nearly circular 
cross sectional shape was obtained h-ore the 
experiment wifl-~ the pass area unchanged. This 
resuk shows that the workpiece in F i g  10(b) 

was ~w{sted daring rolli~g as expected and 
demonstrates the importance Of entry guide espe- 
cially ahead of  round pass in rod (or bar) ~olIing 
p ocess 

4.3 Change of design parameter ~f oval 
groove 

' [he two types of o ~.r~l gR~oves as shown in 
Fig  5 a )  and (b} were desJg~ed to investigate 
the effect of desig~ parameter m oval pass roll-- 
ing Differences between oval}(A) groove and 

oval(B) g~oove are the :'ado of ti~ce w:dth, 
W~., ~o section height; It~, }{ere, the ratio o f  
Wf/Hp iX defined as "aspect ratio" R~r conve- 
nience~ Oval(A) groove in Fig: 5 a  has an 
aspect ratio of  1.95 and that oF ovaI(B) groove 
in F ig  5(b) iS 2 1 6  For  ova l (A) . round  pass 
rolling, fl~e predicted and measured cross see-. 
tionaI shapes o f  workpiece were not compared 
directly Instead the radii of  surface p>olHe Rs., 
a~d cross sectiona{ areas of  workpiece experi.~ 

~ 1 8  

S6 
�9 

G 

A 0 

z,. O 

Ova~(A) pass 

�9 Experimenta~ 
O 

A Predicted 

-~ 3 4 5 8 7 8 9 ~0 JJ 
Roll gap (ram) 

Round pass 
30 !r@at: Ova} in Fig. 10(a) 

20 /,/"'f ............ 

--~E If. ............ (; Pass ~ea [mm;~l 
0 2 Predic ed: t772 

--~ [ ........... Expedmemak 17 

fi' 

~30 

~ ~20 -J 0 0 10 20 30 
Imml 

Fig, I1 Predicted md measured profiles ~{ the exi~ 
cross seci:ion for the round pass iolIi~g (Pig. 
6(c}) when a new enhy guide is used 
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�9 

< 
O 

Oval(B) pass 

4 Experime~ttai t 
0 Predicted 

12 [ ............. ~ ........ x. ........... l .......... a ........ x . . . . . . .  l . . . . .  ~l_, ......... a .............. J 
2 3 4 5 6 7 8 9 10 i 1 

Roll gap (ram) 
{b) 

FSg. 12 Predicted a~ld meas~red radii ef smlime 
profile for the ~x~o.pass rolling sequence 
( F'ig~ 5) when d~e roll gap of die oval groove 
is changed (a) oval(A) pass and (b) ovat 
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mentally measured and predicted are shown in 
Figs. 12 and 13 

h~ Fig 12, the measured radii of surfhCe p~o-- 
files are compared wi@ the predicted o~es with 
the roll gap of the oval groove changed The 
predicted radii of surfi~ce :profile in oval(A) 
pass are always larger than ~hose obtained ex- 
perimentally. Meanwhile; in oval(B) pass, the 
dif~ierences between the radii of  the predicted and 

measured surf'aces profiles small 
Normalized cross sectional areas A~,~.e,QAe,:~,~) 

1:03 

}~, 1 ;02 

< 

< 0;98 

O 

o Oval(A) pass 
O Rout@ pass 

RotI gap (mm) 

(s 
1 05 / .......................................................................................................................................................... 

tOe 

1,0E @ 

> ~ ~ o 5 &, 
1 0 1  

< t 
~ 0 9 9  I- v Oval(B) pass 
< 098R O Rotmd pass 

0095~ ~-z L - ~  * ~ 9@1'[-- 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 5 .......... 6 7 .... 8 ~ L 9  ..... IL0 .......... {1 

/{~l~ gap Onm) 

Fig. 313 NoHm~lized cross secdo~ml areas when the 
roll gap of the oval groove iS Chai~ged. 
{a) Oval(A)-round pass sequence a~d {b) 
Ova~ B~ rotund pass sequence described in 
Fig 5 

of  workplece wkh chm3ging the roll gap of 
thc oval g~oove is illus~raH~d in }:'iS. 13. [n 
F ig  13(a), a datum assodated wkh roll gap 
of 105ram was left out because @e ~est was 
invalidamd due to overfillh~g at the round pass. 
The dif]brences between the measured c~oss sec- 

tio~ml area and {predicted one a~v+ respectively~ 
in @e range of  0;9-o3S% tbr d3e ovai(B) 
round pass rolling and .... (k6 ~-. 3,9% RK d~e oval 
(A)-rotund pass rolling whe~ @e roll gap of  the 
oval groove is cha~ged up m :J::61.5%, 7here- 
fore we can deduce that Ihe oval (B)-.rou~d pass 

sequence is better than the oval(A} ..rom}d pass 
seque~ce from r point of view of  the pass 
sequence design, 

4,4 Change ef the ratio ef  roll diameter te 

Speelmen diameter  

To study the cff%ct of  the change of  roll diame- 
ter to specimen diameter ratio on {he model, we 
have designed a Rmr-pass oval*round {o~ round 
oval) pass sequence as shown in Fig, 6 The 
inkial diameter o{" specimen 7s changed dras- 
tically from 60ram to 28mm The ratio of  roll 
diameler ~o specimen tin, meter [~.~r the {wo~pass 
rolling sequence (Fig. 5) is 5 . t7=310 /6@+ 
Meanwhile thin oF fbr @e R>ur-pass rolling 
seque~ce (Fig. 6 ) i s  1i<07{=3i0/28). 

Figure 14 shows the predic{ed and measured 
cross eCd0nal shapes/mess of workpiece %r the 
fbur-pass rollb~g sequence. We can observe that 
at each pass at fl3e /]rst and third passes roll gap 
was set up slightly larger than expected Overall, 
the cross sectionai shapes/areas of workpiece 
predbted by the mmiytic model is in good con-+ 
cord with the measured one, 1~ hldieates d3at ~he 
a~mlydc model is independent ofd3e change o{khe 
ratio of roll diameu::r to specimen diameter. 

4.5 Change ef steel grades 
]a this section an exper]memal study was 

carried out s inve t]gate the ef]~ct of  the chaage 
o~" steel grades on the exh cross scot,can1 area 

Figure i5 demonstrates tha~ the depe~de~lcy e l  
the exi{ cross sectional area of @e plain carbo,~ 
steels and alloy steels over @e temperature ravage 
o? 800~ 100<'C, which i a typical temperature 
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Material: S {OC 

~1o o lO 
/ m m l  

20 

0 Exp.: 342 

5 "'-21 Pred~: 333 j ~  

~ 3"' Pass 

. . . . . . . .  d d  ........ o 
[mm| 

1 5  -< 

lO 

/mmJ 

20  

4 ~" P a s s  

o S - { O  ..... 
[mm] 

15 

Pred ic ted  a~d  m e a s m e d  c~s>  sec/ioml~ s t lapcs  ot w o r k p l e c e  [or [he {k~r pas~ rollH'~? ~cv~ence  { 

d e s c r i b e d  m }q:,_. t~ 

o4 

e 
= 02 

'*~ 0 99 

~ 0d)g " 

O v a l  r~a,~ ROH~d Da-th >~ 
C 

u (;l~rbl?tl M e C l  {NH}(I~ 

& C~'bon ster ~SWRI|72A~ 
2> e~lk? stee~POSWELD2B 

L) Alk~ st~re/(SAE9254 

R ~ m p e r a m r e  { ~  

1,02 

A 

L0~ 

(L 99 ~ 

K1 Carbon ~ee~ S I0~ ~i~ 

0 98 ~-~ ~ arbo~ s~eeI (SWRH72A 

097/  \~ O Alloy s~eel {POSWELD2B,, 
�9 Alloy steel (SAE9254) 

/'emperature {~ 
b 

N o r m a l i z e d  cross  secl~oha[ a reas  ~- ~ ~ur~c~cm ~1 r~Hing  ~em~er:~[~re ~or ~1 m'~ carbol~ steels a~d  a h o y  

~wmg ~ r  ~t~e ~: ~ pas~; r o l l i n g  secmeBce as d e s c r i b e d  m [qg  5 ( b  m d  ~(( 

~ma:~  Of / h e  r o d  ~ b a r  rol l~n~ p r o c e s s  p rad . ,  a r e a  o f  t h o s e  s tee l  g r a d e s  a~ e a c h  r o l l i n a  ~emr~e~- 

t~cmg t h o s e  ,: f a d e  o f s l e e l s .  Fo  n o r m a l i z e  ~he c r o s s  a m r e  v,~a~ d i v i d e d  b y  ~he o n e .  w h i c h  va-~ r o l l e d  

s e c l ~ o m d  a r e a  {he c r o s s  s e c t i o n a l  a~ca  i.e.. p a s s  m e  ~ e m p e r a m r e  o f  lO00<T ". 
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F h e  r e su / b ;  s h o w  m m  ~he s tee l  g r a d e s  t e s l e o  ~ 

no~ b a r  r o l l i n g  exD~-~men{  i n f l u e n c e  I m l e  m e  

c r o s s  , cc{~onal  a r e a s  m {~le ~ e m p e r a m r e  r a n g e  o~ 

950  - I I~}{t'(L H o w e v e r  w h e n  ~he ~ e m ~ e r a m r e  

r e a c h e s  g00~"< v e  c a n  s e e  the  e/libel o f s l e e l  g r a d e s  

o~  t h e  ~ass a r e a .  In t h e  c a s e  u P O S W E l  | ) 2 B  

h e  e l o n g a t i o n  m ~arger  t h a n  dmt  o f  t h e  o d m r  

s l e d  ~ r a d e s  " l h m  ,s a t ~ r i b m e d  Io  the  . m c r o s ~  

~ruc ~ra~ C h a r a c t e r i s t i c  o f  P ( ) S W F L D 2 B .  M e a n -  

w h i l e  d m  m c r e r n e m  o~ p a s s  a r  ~a ~or  I h e  cm,  es  o~ 

S W R H 7 2 A  a n d  S A K 9 2 5 4  m d u e  ~o I h e  h ~ c r e a s e d  

s~rene~h o f  t h e  s t e e l s ,  w h i c h  cause~  t h e  ro~/ g a p  

< e . .  p~>,s  n e i g h {  ~o  i n c r e a s e  f h w a s  corn. 

l ] r m e d  by m e a s u r i n g  H'm p a s s  h e ~ a h t  of ~he r o l l e d  

, p e c h r : e n s  a f t e r  e x p e H m e m  T h e  res : : : : s  prese : : :e :~  

,o  thr h a ~ e  d e m o n s t r a t e d  t ha~  t h e  , p r e a d  c o t  

e c d o n  c o e f l i c : e n t  ~ m |,q l :~ d m o s t  indene~ 

aen: :,o m (  r o ] | i :  g :empera:me f o r  ~hc ,:eels 

e m p k : y e d  m d : i s  s t u d y ,  e x c e p t  P O S W E L D 2 R  a: 

a r o ~ l n d  8U~ ( 

5, | ) i s e a s s ~ { m  

T h e  p r i m a r y  p u r p o s e  0t {his  s t ~ d '  is h} d e v e M r ~  

an a n a l } ~ c  m o d e l  ~o~ pre{llcH~l~ {he  ex i t  s u r l a c e  

p r o f i l e  o f  w o r k p i e c c  i n  {l e o v a l  r e : r o d  o r  r o u n d  

o v a /  pa,~s r n H i n ~  s e q u c ~ c c  m d  d e m o n s t r a t e  ~{s 

g e n e r a l i t y ,  . ~<x~ i f ~ h e  a n a l *  ~c m o ~ , ~  ~ c a n  ~ e  ~.~se~~ 

~t r  Hl lHal  des/:.n o~ p a s s  scned~A~ a n d  r ea l  [*me 

c o n t r o l  ~nr r o d  o l h n g  W o c e s s  

Fhe  a a v a m a ~  e of fl~e d e v e l o p e d  m o d e l  m ~ha~ u 

Fgt  HH-CS OH~ ~ geOFfle[rlC cofls}tiGralloi]s {x~ eli 

a r o o v e  anu w o r g p m v : c  [hum m c  m o d c q  g r e a { /}  

s m - ~ p h h e s  ~h~ p r o b l e m  {fl o r e ;  m n g  l n e  a n a l  

r o l l e d  ~ h a p e  on{? n ~he m a k e r / a t  ~ u > - m ~ e d  to  be 

m c o m p ~ e s s i b / e  d w ~ B g  r o [ h n g  m d  {he m a x m m m  

s p r e ; m  {5~ ~ne m a t e r i a l  i m e r e s l e d  o~ m~eres~  , ,  

o b { a m e d  { h r o u g h  a ~m]p c h ~  r o d  o r  Da~ 

rt~/Hl]~ teMo It El]out{ b e  n o ~ e ~  {na~  it {q p , , ~ .  h k  

:o  p r e d w t  ~'he sur laee p r o f d e  o l  w o r k m e c e  m rod  

r o l l i n g  by  u s i n g  { h r e e  dm~eHs  o n a ]  f i n i t e  e / e m e m  

m e { h o d .  H o w e v e r  he  a c c m a ( ,  . . . . . .  l u t M n  o f  i~ 

p r m c l p a / ,  sH]l <mpcm~s  m t h e  prec~sxs 

c o ~ m ~ m ~ v e  m o d e l  e l  m a l e l u a i  :t[ n~Rb m m p e r a ~  

r a r e .  w m c l :  r e q m r e s  a lot o f  d i n e  a n d  hi}:h cos{ l o t  

( ~ b l a m m g  h ' [ ' h a s .  a {o~ o f  t i m e  can b e  s a v e d  i f  we 

use  Hse p ~ o p o s e d  m o d e t  in a n  i n i H a l  de s  g n  o~ ~r~e 

n f l h n g  ~ c n e { h : b  {n a d d ~ H o r L  ~he a n a l y H c a ~  m o d e l  

d e s c r i b e {  m ln~s s [ n { D  ea~ De ~url lot t . x t e s ( 1 e d  h )  

oh ia i~  m o p ~ m a ~  d e m g n  n~ o l b r e  qchedu~e  

w n ] c n  ]3 m c a / / y  r e q m r e s  ve t}  @ o r :  c o m p m m ~ o n a l  

l l l]/e b e c a u s {  o~ ~, i [ c m e B d o ~ m  n u m b e r  <d ~lc~- 

a { l � 9  ~] r  

' ] h c  r e s t d [ %  O~'~/eil~/e(! I]~(}|11 HHS qlH{{2f ( le l l ]O{ 'b  

s m ~ e  d ma~  m e  p r o p o s e d  m o d e l  w a s  o f  u n d e r / v i n e 4  

e x o e r } m e n t a ~  ~a{ o n a l e  {o b e  kmed m ~{m ~ r  ha~ 

~)llI~ w h i c h  h;  . ~  h e  {}~ al r{xll|}d or roHnd-ova~ 

p,>,~ n ] l b % ,  ; euaen< ' e  F h e r e t o r e .  m e  anal ly . 

n o d e l  v~t ,  r~e i n d u s n i a H ,  a v e r }  vahaahk  mo~ 

~,s , c o n s e ~ l u e n c e .  ,,a y o r k  h a s  e s { a h b s h e d  H~ 

]~Onrlal]{ s~age,  a d v a n c l ~  g o n e  s t e p  ~o> a r d  m e  

) n - h n e c o n i r o ~ o t r o l l g  p m r o d  (o r  ba~ rol lhb~ 

~focess~ vhich ~ a i m e d  ~<~ o h l a l l / / n g  g u ~  

~oi~nd~mss o f  f i na l  rod ~ b a r  m o d u c t s  ~ h  

b l n a l l y ~  ~ r e : m y  p e o p l e  h a v e  a toned  :o  ~rans~. 

it " { h e r m t  M e c h a m c a l  < . ( .m l ro / l ed  P n w - , , ~  

F M C P  "" ~ e c h n o l o g m s  {or p l a t e  r o l l H  g ~o u m r  

hot r o l l h l g  p r o c e s s e s  m~s m o d e l  m a y  - e  a Pa s t s  

~} {,~sess {he p o t e n H a l  /k~r d { v e t c m n e  ] M ( ' P  

~echno}o~nes  m rod o r  b a r  r o l h n v  , ->cause  {he 

r h o d e {  Drov]<~e> H~c N~2 3, H}~oFf r l a l /O l l  { h e  e r o s  

, c ,~ / , ona l  s h a p e  a n d  a r e  w h i c h  - n e c e s m u  n'~ 

<r ~g|In.~l ~lle herin{)- mechanical p a r a m m u ~ s  

%tics >~S [t}( ~ aHl aIIG arraign rate H ~ ~l'v'e~] D&P~S 

~{H~ tile led i}@r~1[tlr(: g;tr~aHoB ar ~ {he ~'~o,'~> 

v;eclion o} w o r k p i e c e  dm'H]~ rOlm]g am~ cooHn< 

) m w e e n  m~er ~[;[~ds pa,~sc~ 

~ .  C o ~ e | u d i e g  R e m a r k s  

~r HH~ ~U{ ] }  an a n a l ) H e  ~ode/  ~o~ HIe -ue 

a~cu{?n ol  ~he exH 2ro%s seoT~or~a~ snap, )f  work~  

. . . .  IHCHUC ~'tlh i ] [ o p o s e d ~  I I]CH fhc va{ id{ t  2 O/ ~]C 

r r ; o d d  ;~as  e x a m { n e d  ' , ,  , o~ ro(~ ~ol /Hl~ e,~pc~ 

i]~{?~U ~vHh ( o h a r l ~ l ~  {he tnl~la~ {Dan]e~eP o 

~CCIIT]CH. ~ FC41 t*~ ~ [[~e OVIH ~!roovL' ~ 

(:es{gil  p a r o m e l e t  o:  tl]g o v a l  g r o o v e  r a t i o  o l  

ro l l  d m m e l e r  to s n e c i m e n  o~ame~c]  a n d  ~v~_ 

~i>//ows: 

~, TaP  p r o p o s e o  m o d e l  c a ~  r>e am e i ]kc~lve  

{co /  ~i>r *he ~n~{~a/ d es  ~m o f r o l l i n ~  q c h e d u l e  ~] 
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o p u m i z a t i o n  o f  rod  (o r  bar)  ro l l ing  Wocess .  

(2 [ h e  m o d e l  descr ibed  m th~s s tudy  may  be 

f l m h e r  i m p r o v e d  ~o predic l  {he e x ~  c ross  see-. 

{ional s h a p e  w h e n  ~he rol l  g a p  o f  | he  r o u n d  

g r o o v e  and  ro l l ing  speed are changed ,  w h i c h  is 

~o De /eft ax a ~ t ~ r e  w o r k  b e c a u s e  the  ro l l i ng  

~peed h~ field rod m u l l  r eaches  as h igh  ,,~ 

50-.. 100m s and  the  rol l  g a p  f f t h e  r o u n d  g~oove 

a l s o  v a r i e s  
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A ppendix 

e~l, d~e e q u a t i o n  desc~ibme d~e ~me 

y c0ordma~e  system is expresse0 as 

W "2 ~R~ 

~n e q u a t i o n  r~ p r e s e m m g  the  u ppe~ pa r t  oi  Ova l  

g ~ w ~  ca[~ be ex0ressed  as 

S~lbsUtu t ing  Eq. A 1 m~ ,  ~3 }qek ls  3 ,~,- 

o r d i n a t e  o t  p o | n l  B w i t h  o r i g i n  o~ ( ) t  

G,~ ::'==: ( ~ J a:' A 4 

f h e  coord ina le .  B,, ca~ a lso  r~e o m a m e o  ~rom 

U~ g~:,,metric s imi la r i t i e s  

g , , : - : a>  R~+ H 2 A5 

" R / - R ~ ,  

T h e  ~erm ~h ~ m h4~ (A5} is derive, I ~rom me 

geomet r i c  s im i | a  iUes of t w o  H~angh?s_ A O 0 ( ~  

d~e l~:t~ ms o f  fins 4uriace pro~/e,  R~ ,,, 

workplece in ~he oval pass roUme 
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R R ++++ Re 

Them E q  (AS) can be re~/ritten 

Equati~-~g Eqs  ( A 4  aiid g~'+es 
. . . . .  ~C 

Arra:~geme~[ b++ + ~S{~ig Eq (A2) ~ v e  

(a6i 

{a?) 

{ W #  ++,+ RY t 
{A9) 

Rearrm~gb~g E q  {A9) yields 
; e ; 2  ' ~  W f 2 -+. R +) + "0 < R H+,/2) .... { R , .  R f? ~ ( A t O? 

Thus; R~ Cm be expressed {n {erms of R ;  H 
m:id Wf 

................................................................................................................. A I l 
2R~ W~ ~ 
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