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ABSTRACT 
A rolling method lo increasc [he width of the metal would 'twx 

advantages lnulii pass strip pr ndtlctiol~? giving high producl i vii y 
and control of ;exmrc oi. planz- aisotropy. In coi~vei~tioional flat 
rolling, however. it is ilifkiilt to produce metal f l ~ w  iin the lateral 
direction. A new method tor spread rolling has  bee^ proposed in 
.the literature, in which severai portions of strip width are roiied 
between a roll that has 22a11y circumferential grooves and a fiat 
roll. In the present work, new modifications in roil profile and 
rlurrlhrr of grooves are irlinduced. The advantages of the new 
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U L ~  are e iiiiough rolling of pure commercial 
alumimm sti-ips. It is found that a strip of 70 mrn wide and I mm 
thickness t w c  been widened up to 3.1% under a reduction c;f 
35%. I t  is tbuzd also that the planar anisotropy decreases. A 
special pur;lvsr nonlinear ilrde element progrm has been 
developed to deal with continuous change of contact berween the 
roll and the strip in each roiling pass. The calcuimd smin tensor 
i s  utilized to investigate the iocdi~eci necking. 
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In conver,tiond flat rolling, the material elongtes in the rolling 
direction and no defomation occurs in the iateral direction i.e. 
plme strain deformation. As a result, the mchmicd properties 
and the rnicrustmcture aiong file roiling direction differ from those 
in the lateral direction On the other hand, the spread rolling 
~ e t h o d  cm introduce strain iri the li&ral bii-cdiiin as well as in the 
rolling - direction. Tt also has an advantage of giving high 
productivity a d  control of mechmieal properties [ 1 1. Cross 
rolling [2j or intermittent pressing [3] has been proposed as a 
spread %!!kg me~hc& !&& sheuied less z2isomn.i "rJ 7 

a!xhough they have problem of productiviiy . 
Recently, saitn et al [4] amllJtsunmiya et a1 [S] proposed a new 

--- I I I G L I I Q ~  -* - fnr sp1-ead wiling in thin strip using three-pass i-i?lIii-!g 
operations. In the first pass, the strip is rolled between a. roll 
fiit+iiig many trqjczi;~dal zirer;;Efcci;rciitial gyjovcs and a flat 
roll. Several portions of the strip width which get in contact with 
the grooved re!! Ere reduced , whilst the &her portiorrs bulge in the 
grgoves. in the second and the third passes, strips x e  flattened 
between flat d!~. They used the Plasticine (c!ay) t~ exmine the 
spread ability of the proposed method. Ii; is r'ound that, strips of 1 
nun thickness and 100 mm wide increased in width by 5 mu1 under 
a redrretiori of 313%. tThen allimiriiiixi skips zre rolled ia the above 
sequence j6], some defects such as : necking and fracture occurred 
xlex edges mder certain r d i n g  cs~ditions. Therefore, diewd 
lateral sprcad was iimitcd by the occurrence of these defects. in 
order to ~ivoid these defects, the method is --Y* imnrnved - to five-pass: 
the first and tine xhirci, passes utilized tne grooved roil against the 
flat rollj whilst7 in the rest r?f the passes flat mlls are titilied to 
n--- - - I- 3 r r  
I I ~ L L G I I  strips. iii rer, 7j t~tsurromiya e i  a;. inodifiei; the shape of 
the circun~ferential gruuves to half circle and adopted the same 
ro'lp& scqui;-ilzc zild tisoij &l'ii,";;", ti^i &taiii % . \ &  ;ir;d S-jiiiId 
strips. 'l'hey utilized taper-criiviii rolls as upper - - ones in the second 
2nd fourth passes. The effcct ofth:: spread rolling mthod err thc 
mechanicai properties of thc rolied strips is investigated. The 
spread rdling method i hrther employed C i r  3 copper a!!oy to 
xx-ifj~ d ~ e  capability oor'spreadirag mri ~ontrul  of texture E87 

The present study includes two pais- The first part intro'fdlrc'es 
,..I1 -,.. CI . .  ..: -....- f ..-.-, &I..! .--..-.- ... new miidificatiiins s~ii-h as- l v l r  p u l ~ ,  crrbtrrrrlri c:ILra s;r?-~r-lvc 

profile and numixr  of tile i:luovtts, - which have grt;jt effecf trsi the 



lateral spread. A portable rolling device is designed and 
manufactured. Special rolls of 100 mm diameter and 130 mm 

b width are machined with new groove geometry. Commercial 
annealed al*minum (1050 ) strips of I mrn thickness and width of 
30, 50, and 70 mm are rolled. The advantages of the proposed 
spread rolling method as compared with the flat rolling are 
investigated by evduating the mechanical properties and the planar 
anisotropy of the rolled strips* 

In the second part, a special purpose nonlinear finite elenlent 
program is developed based i - i  the incremental updated 
Lagrangim f~rmulation. The program takes into account the 
geometrical ( large strain ) and the material nonlinearities as well 
as the continuous change in contact between the rolls and the stfip. 
Comparisons between the ebtzined values of lateral spread and the 
measured ones are made. The calculated strain tensor is utilized 
to investigate the localized necking. 

2-EXPERJMENTAL WORK 

2.1 Principle of the Spread Rolling Method 

Figure (1) schematically illustrates the sequence set up of the 
spread rolling method used by Utsunomiya et al. [7] and the 
present model. In the first pass, the thickness of several portions of 
the strip width is reduced due to rolling between a roll having 
circular circumferential groove and a flat one. Portions not in 
contact with upper roll bulge into the grooves as shown in Fig. 1. 
In the present model, the dimensions of the circumferential 
grooves are reduced ic) half and their number is doubled to avoid 
surface defects and rtecking, see Fig. 1 The second pass is a roll- 
forming pass, where the bulged portions are flattened. In order to 
increase the lateral spread, an over-czixbered roll wit5 a flat one 
rrre employed in this pass, instead of using a taper-crown roll in the 
wcrk of Vtsumrntya e? 31. [7 ]  ss shown in Fig. i .  It is beiieved that 
employiag the ever-czdxred roll can enhance the metal flow 
dong the iaterai direction. In the third pass, the grooved roil is 
~lsed as ihe botfom roll. T'ric buigect garis in iht: firsi g a s  art: 
rolled in this pass arid vise versa. The over-cajnlxred roll is used as 
the bottom roll in the fourth pass. TWG flai rolls x e  i i s~d  to flatten 
the strips in the f i f i  pass. 



a) utsunomiya el at. iill.<iri r r r c  i71 i r i b) Present mode! 

i 11. Fig. 1 Diqymimatic represenraiiiin nr' spreaa ro, m g  arrangements;. 

,A p~rlabir rolling device i s  desigr,nt.d and tnanuhslarrtl. Fo~w 
ri,l:s . two flats, lvith the ila!f L.iri.ujal- Gii-curnfuirn+ia[ gnrovc., 
and fiijajly the ovei--camber& roll are maihiivd fioi~l stainless 
steel. 411 r~!]s arc of 100 y;;m dia;n&i 8 ~ 6  of' ! 30 mm width. The 

. . 
profile circ~&r -. gr::̂ ::;?:: desigz-d w:tC 2 $ti$ ... . of !!, -. mm 
3st-j a curvature ra&::!: -! ! .  5 mm 2s s!?-%?? 1 :! P !g. ! . ! '!?me 

. . . . di!nPnsions are ci>osez i.2 :;\;o!c surface defec!~ & 2eru.Ing. 



,...---' 
dial rleter of the over-ciztubered sol 1 Is  1 00 Irun in the middle whilst 
at both ends it equals 98 nim, It is found that the over-cambered 
d l  is effective net only in the achieved lateral spread but also in 
the strip shape after rolling. 

Commercir?i annealed al~minum ( 1050 ) strips of thickness 
of ! rnm and width of 30, S O  arid 70 mm. are used to investigate 

m r  tnc spread raliing capability of r'ne intmduced modificarions. me 
nOrc strips are amcaieci for four hours at 45v L .  Thc primc rcasvn of 

clioosing the material and the tlimensio~rs i s  t:, compare the 
obtained results with those presmkd in ref. [7]. 

Strips arc proccsscd with total rcdriction in thickness of 35% 
bvhiht the reduction in the first, thc third and in the fifth passes are 
2 ,  20% and 35% of the ir?itiai thickness respectively. The 
lateral spread is measured hy ccmpxir?g the projected width after 
r~iiir?g with G?e initial snip widrh in  each pass, Co~ventionai rhree- 
pars flat r d h g  is also c.ond~!c_.i~:d the sake of wmparisun, 

, t > r  r ile r~reclratrical prcpii;c.z i+h well as ihe plaiiar ariisoti-opq or 
CL ~11e spread r d e d  a12 the fldt idled strips, tiiider the Saiiic 

rcducriiin ratio, are evaluated by conducting a tcnsilc test. In both 
cases, thee tensile test spec:mms are cut firm the rolled strip at 

-, 

!I", 45'" and 90" with the sol!:::g :!nection, respectiveiy. The gauge 
length of the specimer. is taker. 10 mm and the width is 5 mm. The 
cffsfset yidd strength G~~~ and the ultimate strength rra are recorded 



to the subsequent one. 
In the finite element modeling, only one-half of the strip width 

is modeled owing to symrxetry. A x e s h  of Wx7Qx5 elements is 
utilized in the longftadinal direction, the h i e d  direclion aid 
tho~!g_h_ ITX thickness: respectively. The friction layer techxique is 
employed i:u modci the friction effects at ifre ruiiistrip jnterfkc, 

4, i Spread Rolling 

the same rcduc;ticr, ratlc is afsa pfotted. !r, case of Utsunom:ya ct 

elongation of the strip ~ ioned against the pass wmber. The / 

i 

Fieure 4 &yjict the piizcrii2ge latcraj sprlad in <ase sti-,ia* - 
;;..idth of 39 50 and 70 mm. It is p+-l.- + O+ 

u v v I l  Lha, the peicent$gL 
!atera! spread becreases as the i::itial width im -e  

-. . . 
F:g~:re 5 depicts the finite elernent gre:!: 

cross-s~ct,jo!l &T each p s s .  Ir, firs: s d  th 
unr~iled pori:i~ns of fie s?rip width buiged in 

wtiiisi in h e  S ~ ~ T I I ~  ar~d &c ii;;!.lrih passes, 
L A  -..- -1 rl _ _ . : A - . -  A 1.-  L!!L?&1. n ."L .. - 11: ..,< 8 

~ ~ & L G I K X ,  NIL! W I ~ ! ~ W ~ , .  !l, J ! j t : J  ;~:g,%j !ts: i t , . u j %  ,.>c st !  - L - - .  ajghte~ed 
- . .A 41.. :. 1- . -1  . - .~ -1 . ,I -. . . . . h- . T .  . '..: -+ 1 .-. .-. :I: ... . . 8- 

UUL LllC I I L l I ~ C L L  C U C 3  :.:1 l . l : < -  % l ] l b )  I C d < l l J l ~  all f---.--+.-+.:.- ----- - f i j w  mnc {he ~ii- ip 
7T-;A 1- vvsut1 i  
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Fig. 2 Var iaiion of pet*crntiige latemi spread of h e  strip during rolling. 
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4.2 Mechanical Properties 

. . 
The measw-ed mchanical propertres ;n case of 70 m x  strip 

7- width are shown in Table I .  I he offset yield strength 00.2 of the 
as spread r.z!Ied material is higher tlr,zc t h t  of the flat rolled strip. 
This may be due to redundant deformation introduced by bulging 
and flattening. 



Fig. 5 Finite element predictions ot strip cross-section tor a strip 
of 70 mm width. 

Stip half width, mrn 

Fig. 6 The ratio bebyeen the ind~icecl lateral and the longitudinaf 
strains. 

In this study, new nzodiiic;~tions such as; roll profile and 
number and dimensions of the groojes have been introduced to 
the suggested spread rolling in thc literature. Portable rolling 
device has been designed and manufactured. The proposed 
modifications are examined through the rolling of co~nrnercial 
pure aluminum strips. The proposed modifications show a 
remarkable spread ability, where it is found that a strip of I mm 
thickness and 70 rnm width has been widened up to 3.1% under a 
reduction of 35%. The mechanical properties of the spread rolled 
material is slightly work hardened and with less planar anisotropy. 

A special purpose nonlinear finite element program has been 
developed based on the incremental updated Lagrangian 
formulation. The calculated strain tensor is utilized to investigate 
the localized necking. The proposed r o l h g  method is found to 
he sfkcti\ t. irl getting wide and sound strips. 
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