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PRACTICAL INVESTIGATION ON WORK ROLLS
FOR COLD ROLLING

Yasuhisa Kuwabara, Yasuhiko Miwa and Keiji Ariga

Synopsis:

Forged steel rolls for 4 high cold reversing mill (work roll dia.
investigated on the standpoint of roll users.

16 3'"") were practically

The authors checked the hardening depth

curves of work rolls (about 200 rolls) for several years by Shore hardness tester.
These curves were estimated by their individual rolling condition, that is, production ton-
nage, difficulties of rolling operation, quantities of surface cracks during operation, etc.
As a conclusion, the hardness depth curves of bad rolls have a different type from that

-of good rolls.
roll surface.
" surfaces.

. These bad rolls extremely soften at the point of 5~6 mm from the original
On the other hand, the hardnéss of good rolls decrease 11near1y from their
Then, the authors investigated the surface structures of rolls by means of ele-

ctron m1croscop.c method, and could classify them in the followmg three groups.
A - group: martensite matrix + 0* 5~2u cementite particles. ,
B group: martensite matrix with net structure -+ cementite. partxcles.
C group: No cement1te particle structure (martensite and austemte)

The authors compared these structures with their practical rolling results.
groups, especially C group, were not suitable for good rolling operation.

B and C o
Furthermore,

both structures before rolling-and after rolling on the same position of the roll were checked.
Each group of roll structures has not been changed to another group durmg rolling opera-

* tion

L # =

I EAEC RS E DS LR Y » —
HIZBID R DIRMIRD T ETH B,

2 — LD
TN 2WEED

WRELTHED CRIFLEATSHS. DEhe—nom

WERMEPHLBNCE, = VEAEKBKIZEDTHS
L&, MOEERMEDEHITBHRL T 3 TLEHBED
BRHTHS 5. FELLLTRELV R~ L3RRS

1A DLUTZEDS I FE L Bbil s BAEIrE%

KWL THEERERZF LIV ONERTH 305, 122
ti%ﬁ%%m&ﬁﬁﬁﬁ@Thtbm~ﬁﬁw@bt
DT BIBERPREBRTE. Fha—L2HHLTETLD
T BT W EREFHEL THOEAL, Chk
ok U THREE S & VBB —EMEUF & 2 VS BERI X 3
BOTH 5, COMDR—ciHlT 25 — FDETH

OREEFEONERERTH 5. ¢ OBELZIT LT
FHEOr —VERERIZ £ & DIZDOBEARETH 3. =
Me:%%ﬂiﬁﬁﬁﬁ@ﬁjﬁﬁm%ﬂﬁ’éjFﬁ%T 2579
% HHHIZT 0°04~0°10% C @ﬁbﬁ,’(ﬁz FY 5T

& @ CRITE s AT 80~95% V&I g LG

3. m—dRY 420mm, £5 1070mm BED
DT, #DHEO 1 Mg C=10%, Cr=1"8~19%,

"Si'=0'2~0'3%, Mn=0°2~0"3%, - P= 0°03%, S=

0°03%, Cu 0°10%, T& 5.
I. 3/ & E #

BEE L EDHIROTIR, FEEMEOVLE LU
O DBV IERRBEASEEED & 5 1SS D
DEZBOIBARENT, T A7 IRYE QLM
BB SO RER L. EIETETNTOr —
WOV, BERNCIE B E TS TS BV S FRATE
m— L% T e~V ] DR DI = — V% [ =
V] EEFITRHL, b OXREHENREOWES
LS L/Abﬁ-%ﬁp}bt fl?ﬂ%ﬁgrmf_w—)wq%’ﬂzoo,/t—

Tt Fr ol bEEPEMEIC S 5 7 ~ESHT

L OTHIER4TD. v~ VOFEEZ 10cm Mgz 10
AP0 1/4 MEEIEr 40 AaTEHIEL,

2~ LR

* R 29 EERGEAKCER
R GRS R T TS )

;24_;



BTEIE w ~ L oEEErE : 25

WICFDT 1mm T T H R g L THEE O 2L £
DS B LT

Cﬂ%@E—W®m@EﬁéEé®%%U,%@%ﬁ-
T — Ui ‘

R T EEMENC I DT U BNTAI.
s & 3 3 BARERBHCTIERE 2T, =~
N2 ZEDZEFEULNBBEEE, TR TN IPEL
r — VREOALIBE I E 22 TL 572 BB
ISy 2% Nital TEEIL, 7 x s N—u,
FNIZa—h, subvy F—d40, OV A%
BRAUI.. AV IcEFEEGE H:k‘%?—i‘t#ﬁﬁ‘“ JEM
4HITH 5.

\ 101

(1)
Fig.

BREAEHER

HEH e~V E B e ~ v OEEZL

1 3L oF Fig. 2 WiERERL 12 M n — v
14w — VORI T O RIS A & — X T _EF OB
4 % DD KX MR OTISNY, B = —vid
4 DD —B ST 2R T, EOESDXHMEL
& DTN E. EFEL S INECEEE L 2O DL, R
BRSHBEERN 2 D, 2002 —VERSHEET 5 LD
EIL LR,

8

8
:

Hawrdness (shore)

My,
nn\n\\l\iin
| H!HHIHn
H

73 5 75 - 10
The depth grom the rolt surface (mm)
The hardening depth curve of

non-cracked work rolls.

J lelm |

7 23
The z’ept/r from the ro// surface (mm)

Fig. 1.

&

Hardness (shore)
S

e

Fig. 2. The hardening depth curve
of cracked rolls.

(2) mEsn —vOUICRE
S m —VETTIC DN S it m — VB TiT

DN S 2 Dtcm — v Th B0, LOEDR—bS
AL b JOEREREE 2R T ER T2, 2 DRI
VB VDS, ROMIBTENEVIEE D a —did
5. ENTHEBERw - V23 5CHELT [EBr—]
& [ga—uv] O28EE L. B e — VORES
R 1 mm b DEME t b5 100t 23R B D, BE
i3 100 LIZIELISV A OTH h, T b OBEEZLOR
BE% U 6~NTATz. #RiZ Fig. 3 WRLIGEDTHD
T, [$e—n] #ike —vERED)H 5~6mm (>
12500 0> B BALDEE VUL 5D TB- '
’ | ) Good rolts

more than /00 tonnages\
per ane grinding 7/

&8

(<=3
S
Y

Bad rolls
less than /00 toﬂnaye:)
per one grinding

Hardness (shore)

X
T

&

23 5 75
The depth from the roll surface (mm)
‘Fig. 3. The hardening depth curves of
" pon-cracked rolls. and their, production
results.

7

Depth of cracks

&

i
N

N
=
Depth of cracks (mm)

X .
fre/;:ﬂcy\l"\, ;
N

7T 3 4 5§ 6 7
The depth prom the roll surface (mm)

<
<

L
N

Frequency (legree (%)
~
=

-~
S

<
<

Depth of surface cracks and. its
frequency.

2(3)  m—UEEDIREERT
ﬁm¢®n~w$ﬂ®£&§®¢¢§aa7;9%®
u—ETH BDS, ZORELMPBEFORE 3 &) -
a — VEFEED b D IPNCRL 12D Fig. 4 Th.
. MEOFRELD, 1221 35% L HDE, 7~
WEEHIE TieFete UTDBEDM 35% bia — UJREEED b
tmm CIPIOFRCISTRELIZ LW S EHRTH 5. B
EFEICIAN E E B OFEhstE U7 DIEDEE S § A3
I BARE TN s DI KRB e —N, TTEA
DO B FAETOL 5724 Db FEEEICEVET, o
Zh e~ RMOTHY 2 FET S DHBEF.

(4) v— VOB & EAEFR .
BITAE TIZAR L TCRERD 6 BIFS v — v OREH & O
2 DTHALVHERT X 503, Hign — v LEH

Fig. 4.



26 B rom mas s B

}/am’nm (Shore)

]
-

The depth from the roll surface (mm)

The hardness depth curves of all

Fig. 5.
‘ rolls and their production result.

e —re—fFELT, BBROI ST [EBre—~av] & [&

"—ov]| WWHEL, ZROOEETP T EDTHS E

—BHEsER» A 5N 5. 378bb Fig. 5 IKRL
&I, w—VERED LB mmOE I » 5 2k
LT B r— B, R — VBRI CIOREASSRET 5
EBLHS TEERFDBENENAS. FAETDX

A RREREH I ERZBRNAELTE, DN DT

ENS L EITIT T e~ VORBRPELTAI LT
‘ mwamz; 5.

IV. & @ & R

Lﬁ@@ﬁ%i@%%%?%m&ﬁ?%ﬁ%rn—w
@ﬂ%&ﬁﬁfb%«tm,%%ﬁ%?ﬁ%bfh%u

:~W%LBN5C&@w%D5E%w&OT,+ﬁma\

SRR 2RO Ot L LZ OB R - %

CERORETU 6N HIERD 2D T 2, 3ﬂ%bt

FEUTONBLEETS.

(1) »~ VR HEEO—BI

B OBFEEHIREIC GE DI = — v & IdBEERZWV DS, B4
Wb B FUEIT I XD TESHY 30mm, | i 20cm?

BB Z A 72 DT, RED & PIFRICIAID T OREHOZ

f£% U 6~NTAI. REEmP» S 3mm £ TR oy

A FOHICERR L 2 PINOBRKS UL RERDE X L &

A4 PYRIELIEETH 503, 4~6mm OERRI DT
BTN T BRI S BTz
GILRLTH B-

X
BUCHSER LMD B DT, N4 74 IR B — LIIE

Kﬁ&&t§<36®coﬂT@§%ﬁTbTba
(w E%n~w®%ﬁﬂﬁ%ﬂ

C oA Fig.:
H 5. JRREL D#) 10mm OB S OFFT.
BHDHT 30~40% DE|FH N4 F 4 FREEUT

TN D O m — L ORETEIC S 1T 3 BAIEEZD:

Fig. 6.

The structure at the point of 4~6
‘mm depth. X13,000(2/5)before printing

H?ﬁfﬁvéivéz%ﬁ izwm ——JWJ‘PS%(J 18 oo —

-»@%ﬁﬁﬁ%b%«t#%fi RKEODXD=20% .

N—=FLF2LEMBTEI. TDE

A T4 NCERRD® AL >4 b DSEEES
'%%w.tx)54b®ﬁ§§uqﬁmaﬂﬁg

: B: E2A#Efc net structure f)i?}éﬂ '-k;f v
44 KOS KT OEFICHLET B b O

'Ciﬁﬁ@ﬂ/§4b®ﬁéﬂkmé®(%%z =
FF4 MDHB)

s Ofifl» Zh#Fh Fig. 7, Egs Fig. 9,

WoRUTz: 0 EHERREE & OBMRIIKRED & 5 uiER»
ALTZ ‘ )
Structure ,{Number of rollsi ‘Rolling results
A 11 " All good
B ! 1 Good
B+ C ‘ 4 All bad
A+C .7 2 One was bad

L%¢(B+C)®5PM(A+C)tD3®i B
FHEGICHET 38, n— A EEELTY IO
THEB DD Db < & b 105 FELEORE DT
%ﬁ%a&%mBmﬁacﬁ%@muAﬁ&ac HEED
TREED A A 12 20 3 C L TH B bbMOREOBE
£ r — VREORIDLE & RIS TH OB DR 1em?
OEHEERIC D O THEUNLEETH 5. LRARR
Db DI B - & HEAATHSHE 20 t UFUHE
HETX 2hsolz. C DGO E» 6EABE, Bl
*C A~ EiCyv— 7®ﬁ@®%®mﬁgm
FT2X5THB.

(3) DEREFEEE » — ViEEE

2 b v FOBMERIFEIREONT 254 55 6

~n~w§@®ﬁﬁ,c&w%@%ﬁmgmtﬁﬁaca

BTELLND. $%.§K&OTH~»#%%?6

— 26 —.



. BIIEEM » - L OEEATR 27

NN :
Fig. 7. The structure of A gronp.
.. X 13,000(2/5)before printing

The structure of B-Group.
X 13,000(2/5)before printing

Fig. 8.

BRLHBRTH A, ¢ CTHEILTSDITTIED
NI IREHEE e~V THDT, s —rOF VEITE
LRPPBPRICT S, EREIFROER, &ica—u
b B EHOBHE ORI, B8, Hn — 2
WNTWLUBLULELS. Tabb (B
"~V OBE, FEIE, 2 DHEFTITH D>
D69, EmEINIS D33y
—ETHB. CHRELHRE — | Tk
EEIEDIEIT T /5D D RO THRIbic bk
CSE g EEESRBEREMT 5. Ui
BT, BEr—LOEMNL AL L
ZBDIE2 RALUEHEBNDT, BHE
o — T DN T EIERTHRIC 31T A %
ML TAIZ. UL e —ViHEED
LB Lr~NT, Do~
NVORE (VY H) HEARZFZ v
SUTHE, BT ~VOBHT 30
BEEOT (v~ MBEINT B L L.
7Y EESEHNT L W) KB L IEH S
WTEL A THEL TRB 2 L. L

. Before rolling

{65 : ¢ ?‘vi <
The structnre of C group.
X 13,000(2/5)before printing

Fig. 9.

O#ERTH, A, B, C, wshol@ot 0b, ik
2126 LTOBRETFR 21z, T7abhbb ABENB
FEFRS CHERICEDTIVA 4 D%, 2T DHDHEKS

BBNIEHON. TO—E% Fig. 10 RLI.

V. @ E7

AREDOKER ,

L. SRR L 1o SRS TR ER Y » — 7 o
—~VOBESCORE R £ & D, BHERES X OERE
REEE OBRERLI. B~ EREL D S5~6mm O
BIDTY b b BCEKIEEFT = ~ VBDSNOKIC
BOTEBNERZ 25 U

2. EBEREOY v — 2 v — VO BTEEE
KEDOTHELZDBAHZHL L, Thb OB
& BEHERRAE & ORIR B R 12 ’

b 3,

After rolling

. Fig. 10. Structures.before and after rolling.

: ) % 13,000(2/5)before printing.



28 - B S|

EAHE F1F

AHEEN T — A OEYE P U‘ﬁf‘ﬁl‘.éi A CiFEs
ThH5b. EBY v~ a— VOB DV T DML
BRUKBZUEHTHAOT, I higwg-o
o WD KAREIC Y DICBILB X OEIREE — O
BRI HE RFET B, (R 31—6 BEE

‘ o

1) A.S. T.M. Committee E-4: A.S. T. M.
Proceeding Vol,50 (1950) p. 444~492

2) A.S.T.M. Committee E-4: A.S.T.M. -
Proceeding Vol. 52 (1952) p. 543~572

3) W. L. Grube and S.R. Rouze: A.S.T.M..
Proceeding Vol. 52 (1952) p. 573~591

mEERE 7 — & :ﬁﬁ&nﬁ@%%l FOU X —
I35 3T I TR O -

%X B BXRETL B %

E***

ON THE EFFECT OF WORKING VELOCITY ON THE STORED
ENERGY OF COLD WORKED ARMCO IRON

Genjiro Mima, Dr, Eng. and Toshimi ¥Yamane

Synopsis:

The specific heats of Armco iron which was cold compressed with a hlgh speed working -

velomty (about 4°3m/s) and: a low-speed one, were measured by Sykes’
energies were calculated and compared with each other.
(1) The stored energy was released in two steps.

method, and stored.
The results were as follows:

(2) The ratio of stored energy to the working energy were 4- 9%- in the case of the:
high-speed workmg velocity and.9*49, in the case of the low- speed workmg velomty

(3) The stored energies increased proportxona]y to log (ho/h).

Here ho is the henght of

uncompressed samples, h is the height of samples after compression.

(4) The authors can not clear the difference of the stored energies between the case. of
high-speed compression and low-speed one within ‘the accuracy of this expenment Lastly,
they discussed the results using Mott and Stroh’s theory.
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