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Relation between Applied Forces and Surface Characteristics
on Surface Rolling in Cast Iron
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Abstract

Surface rolling is one of the plastic deformation processes, which improves surface roughness
and increases hardness. The surface rolling tool used in this experiment was specially designed
by author for surface rolling on cast iron. The cutting feeds were 0.10mm/rev. and 0.30mm/rev.
The applied forces of rolling were in the range of 10kgf to 30kgf with 5kgf differences. The results
obtained are as follows. (1) In general the good surface roughness can be obtained with the
applied force 25kgf according to surface roughness of the previous turning. (2) The hardness is
mainly increased at the first rolling process and is more increased with the increasing applied
forces. (3) The reduction of the diameter heavily depends on the original surface roughness. That

i, the larger surface roughness is, the larger is the reduction of diameter.

N

}._TL al.ud o] r,‘_(z,s)

o ©
LA B 60~700 3 Ao S Lo Bihlers}
B2y g4l AE R $AEE RS
FaEe 3l suygd dgdse dHes Hol disle] AT g ol 2 Iwasche®: F37] 7
aA 7R e 5 sl F4 otliwe FHI L AP AFE dged
a4, dEl, 394, AL o] w4z dHAlole AAEY FHME, TAlY W=,
Zopll = AA LY FWRgd), wolA®s dlojrled =&la] ni2qle} HArF® Fo $435
Ze AL e NP5 s MAEE w$ 1 9l
B 4X7bE el Aok, B3] ¥l e 289 71Z2e) FWAFEFel 2 Jd7RS JFAMER
v A2 slgtelste] AFE THS ®BAREE dlod IHREWICY slqtE W 00, 7z 2y
dold 24977 WA $35q FHzsof 7 SN G ALA] o]0 WEUD LT x} 2w 50
o) Z7h % NETREE FAALS AE $H4E AREHY, 233 ogaanes, 243 4
“HAY, A an TN AR S, AR clpdatl wE T2
s ogel AT AEget A A I AT5el dov sFEAA AF A7= A
SR ECLERE LR st



[N
3 4 .t

706 *

10& (F)o HFA
(KS D4301 GC

(==l Fd),
goli)e] A%
o

21 Al o

1) AlHe A

2 Aol AL A AEv AFFFH(F)
o] w4l wl=¢ AB(354(KSD 4301 GC
30)) 5 AHE-slglen st 4R sAA AdL
Table 17 7 tt,

2) Ade 27 o F5H

Alge] AR AL ATFFEFHEF) AF A
qb W= AZAjel] F4] FRAHE A2 ($30mm)
2A AzAsd AdAAE Yslo] ¢2Tmmz 3
At

3}
iy

!

A 5% shebelw

R

143mmz 3}glon,
HasA E4E 4
st

A LA oE 253
Ao Aj#E AR olF 0
mm/rev.e] Igzxe 2 2FWog FHSI,
ttE S A7kddel AAsgH 20kgf VS
2 3lo] oAddEE FA AP 10kgf~30kef
3515 AAlstz] A 5744 10
Mo AH-g Alztsiac,

Aol 271 Fig 13 Zen A9
Table 29} 7t}

(3) Al 534

o] i HEE
.imm/rev.e} 0.3

o

!
Az

2 2 L.
K~

7 Aol Madel JE4E a0l 239 JF

o2 A3
EdzEage 24 AR A
o,

23 e 7 ek FAL AFLE 90
W HAAA Ade ALE 24D F ATAL
2 ¥4 ASE Fsgdes AL A Febe
H-HAS X4¢o2, H-HA 48 V-VA
& yugez sl $RE 2qekel X5 ¥E
4742 B4 AFAE Faden om X3 A
Az Y% A4e A9 Sduc

22 FHZEY J|+¢
Fdzgd JTe kRN 282 gA AT

Al"7bge] gleld AUEE FH3l7] Hdled o Agslm, B A AEH AT arie
$28mm=. FA Lpd & AAzle] 0.5mmz 8o
$27mmz wi¥e 7R g, MARKING LINE
A3 wlo]lEw 27 ulo]E”E FT AT v
{ mm
s A"Ae 9002 FAAA A 54 7 ]
4% A a AR
Alge] Aej= FYPFE nwide, 63 2§ j
Qo0 AAsn AT 4 9 Adz 27e% Vot e R B
L
Table 1 Chemical compositions and mechanical prop- Fig. 1 Dimension of specimen
erties of specimen
Chemical tion (%) Mechanical Table 2 Specimens
emical composition(% properties Applied force (kgf)
Tensilo Cutting feed 10 15 20 25 30
C Mn Si P S | strength H?ﬁigfss (mm/rev.)
(kgf/mm?) 0.1 A-1] A-2| A-3| A4 | A-5
2.9711.70 1 0.90 |0.048|0.103 32.1 223 0.3 B-1{B-2 1| B-3| B4 | B-5




FAS Fz o4 slgtEe) o3 707

TEEL BA_L_ BALL BEARING (KBC 6304)

/" sarr cuoe /[ spamg STRANGAGE  WASHER L ! |
FHAFT ) _J_E._A_‘ T ] T
- W‘: —Z T ) TEN]SILON j LOAD CELL
= = == G_100L
7 P ﬁ?,ame
(™ m = "/
Sl Bl — O {_F'I—;,
ey N ; BN o
l[—_ (88-207-EP) o
Fig. 2 Surface rolling tool & sensing element 098 ? DRECTREADNG 0
TERMINAL FoRc
{DB-120 3WIRED ACT+ACT)
. DYNAMIC STRAIN
$9.525mm 2 A "= F P A(F), W% 2 Canmme
(STB2), k435 4660kgf, HRC 60.5~64.0, ¥ tL;‘__
HZEE 0.01~0.024m Ra"¢ Agsldon £z x-v :
< Aelskel JlgtE e zAstn ABHE e R = =—
Astol Ewlof® e dojag o] &8 F2E HAH Fie. 3 Schematic d )
na o 2 aADS. 219 210 ig. chematic diagram of measuring system for
=¥ IR JTOE ALl surface rolling tool
E2gd 7I++ Fig 29f 2o},

2.3 Ecq_g_:cal 7|._T'_ 21‘;}_

(1) Bd2¢3 7179 »A (3) Tz g3

Ao AL 2L sgkE S 4 de) EH2ed sFe AHdEe AlEe} FAE
T B ol AAsl MY shdB B o gt BTREL Aule] BAYN 4Nsn I
AE ool A= i%a‘*l MHEE FA% dEzeHsT 5euE 2N FTAE 044
T o AR pEe R 2EsaA ded 3l A JAste FAEY 2AF 28T P
o T 457 2gAseh,

FEe Aol wA dFe BEHE Y% AgEe) ML ATFELH el dE AL
AR 245k o LEE ZASHE z2ded] A ALEE Fgon] 2yl FE5E £ Sos
o Wyl ZeE 2y A FPel 3 & WPol X-VrASANA shatHe] et
A F oElolE wpolzol mAsted <IAAHI]  wEFFe] Loska Hold g HAE Fo z ool
(Tensilon, Cap 10 Ton, UTM-10, Baldwin, Japan) ol5u] FHEZLEITE T AT JEYE
o ®lol% ol A3 n 5 24 (oad cell)  AFol4AIA 2LYe A
o] %" 2z2d=% dAE 4= (0.5mm/rev.) 223 AL Fig 49 2

}74AA Bz e AT 4 i ol 4l el

b hFe oo 2R EE st
: X-Y7IEA% *P%ﬁM HAZE AA4o4

T

2 Z3=&¥ =7 -
2E% $5+ A7 25~60mmel F3-Eol o5} [

I Qg4 .9 xL— = A& [ ! | : 1ST ROLLING
of 42 LS 250rpmOg Fusied A [ 2ND ROLLING
of Abgd Adutel AL&7h5 31A4 150, 220, 300 1“,:#_5“: 3RD ROLLING

2 T
o4 250rpm.el zb4 A 220rp.m(18.66m/ N T e
min.) & 33t L | s rowing

2334 o]4E 0.1mm/rev.®o g UAA 3} Fig. 4 Number of rolling processes



. "}
1

Ho
o,
4

708

258 o5AA] ArlFol| Wi siote] Fulx
Eol vl wWst: Fig slr 6ol FERU Qi T},

Fig. 5& A7}2¢ Fmzx sl 1.5umRa(R A4
o4 0.lmm/rev. Z& 4] 01% 0.1mm/rev.) 2 ol
% 34 wE st Zuzzod AT

4G Aolx,

2ol A & 4 Yt ulsh Zo| EHZEL 37
8%l we} chgdt ol FAH,

(1) 18] ERegde A

20kgf L w] 0.52¢mRaz =91, 30kgfdo

0.53ymRa=, 25kgfdw] 0.58umRaz, 10kgful
0.79pymRa=, 15kgfdd] 1.11gmRag FAl=lg)
‘4.
2) 23 32 A
25kgf°‘ o 0. 35umRai S 3, 30kgfd
0.45pymRaz=, 20kgfdd] 0.55umRaz., 15kgfdu)

0.59#mRa®, 10kgfdw] 0.59¢mRaz 3459
o},

(3) 33 2z A

25kgfd o 0. 36umRai HAdx, 20kgfd o

0.45¢mRaz, 15kgfdad 0.55umRa2, 30kgfyw]
0.58umRa2, 10kgfdw] 0.76ymRaz 3kAls|gic),

151 CUTTING
ROLLING

FEED 0,1MM/rey.
FEED 0,1mm/rev,

10 kgf —-—
15 kgf ——

5kgf ——

ROUGHNESS (um Ra !
3 S R
3 =
[ 2 - I - )
-
=3
C:1

L
w
T

0,25}

[
NUMBER OF ROLLING TIMES.

Fig. 5 Roughness variation against number of rolling
processes

SR

(4) 43 Tz ggo A4S

25kgfdul (.36p4mRaz, 30kgfde 0.39zmRa
2, 20kgfodu] 0.46pmRaz, 15kgfdw] 0.48x
mRaz, 10kgfdw] 0.63umRaz dAbslolct,

(5) 53] Z2gele AL

20kgfdw} 0.33pmRaz = ¢ 32, 30kgfydw
0.38xmRa=, 15kgfduw] 0.44gmRaz, 25kgfdd
0.46pgmRa=, 10kgfdd 0.52umRaz kA=)
°] 0.1mm/rev.9ul r}q}# 25kgfyd
= 22 2 E 0.35umRax A}
xR AA F4HAFE ¢

Fig. 6-°~ A77e Fdzxr} 8.73umRa (A 44|
°]4 0.3pmRa, 2 &34 o|£ 0.1lmm/rev.) )
29 540l GE Ay Azl Wi

7 3l fol we} ke 7

(1) 13 Tz gele 7S

30kgfAd o] 1.184mRaz =9l 3, 25kgf
1.37#mRa 2, 20kgfdu] 1.78umRa=, 15kgf )
2.34pgmRa=, 10kgfdes] 3.13xmRaz A=
cf,

2) 23] ¥R g AL

25kgfd ol 1.24#mRa2 =9l xm, 30kgf Y uf
CUTTING FEED 0,3 MM/rev.
) ROLLING FEED 0,1 mM/pey.
8,501 \
L o 10 kgf —-—
B o 15 kgf ~——
30f \ o 20 kgf --—-
' s 25 igf ——
® 30 kgf ~—-—
2,50,—
=
(-4
£ 2ot
vy
I
Z 150t
z
>
(=}
o
1.0}
0,501
0 — L .

[) 1 2 6
NUMBER OF ROLLING TIMES
Fig. 6 Roughness variation against number of rolling
processes



1.37umRa®, 15kgfdw] 1.52pmRa®, 20kgf<dw

1.56gmRa2, 10kgfdwl] 1.76pmRaz kA5 ol
D}.
3) 33 ¥z gy 7
30kgf°‘u41 096ﬂmRa3_ Holm, 25kgfd

0.99ymRa%, 20kgfyd=] 1.38umRaZ, 15kgfuj
1.44pmRa=, 10kgflw] 1.45umRag skArE[g)
12

(4) 43] 3=z g5l A2

25kgf2wl 0.88zmRaz =g 1, 15kgf Y
0.89umRa®, 10kgfdw] 1.03xmRaz, 30kgfd =)

1.28ymRa2, 20kgfda] 1.60xmRaz 3kAsgl
4.
5 53 zwHz oY AL
25kgf°‘ ul 0.94¢mRaz = ¢ 3, 30kgf

1.054mRa2, 20kgfd=] 1.06¢mRaz, 10kgfd)

gelol 4 Fhotale] o g 709

28 228 4ol dze THzE b
9ol Al olde] 0.3mm/rev.ql Aol =&
Hz 7t "] el4re] 0.1mm/rev.ql 2|
Zxyd EFAdsA e AL AL ol4uke] 3
(0.3/0.)E AH7 wjEol Jehie daez
Eo] Hr},

F4tA] o]l4e] 0.1mm/rev.o] 7Y 0.3mm/rev.ql
%3 1§l 2EHAA Fzrt 543 Fof
(

NS
o
il
-4,

2L ol
42
®
S
o\

e [OR o

for o
ol
ok,
a8

e <
il
i
>
o
ofy -
O

o—-

3

3
~

o

<

S

fru

1.19¢mRa®, 15kgfdu] 1.26pmRaz dALES) &9 v} x| 7| wffo]
12
AarA] ol4o] (.3mm/rev.@w 7pst#E 25kgfd 3.2 AT w35
wo] THzEE 43 229 F 0.88umRaz A7} Axwss 13 228l 74 Z 2oz Zi}
A5 izss} s stol 2 F& A9 AAIA "ok ol 13 =&
2 Ageld Azd FHE ol$3E A% Fig A4 7hgel A o] Folxy] W Fold,
59} 6olA o 4 Q& wpol ol WAF wWE s} Azl wak: Asbgaelsh: Aaglel sty
ejo] TrlzEo] wlAE P& Aoz ¥4 o] FAYel wet 2A ehdeh
dto] B off, ial® oz bt 25kgfolA] <FH & Fig. 73} Fig. 8% &% 3|40l uwE A= dle]
EdzEE d¢ 4 AT ¢ 4 U o,
CUTTING FEED O, 1mm/rev. )
ROLLING FEED 0,9mm/rev.
100] CUTTING FEED 03 mm/rev.
ROLLING FEED 0,9 mm/rev.
e — ——
e
100
= a
a a
95+ 90f
- ]
o 10kgf —-— I o 10kgf —-—
& 15kgf & 1Skgf ——
o 20)«;; ——— -] 20kgf _——
a 25kg a 2/kgf ———
90r o kgf —-— 80f- e kgt —-—
0 L L L L s n 0 L I L L N ) s
0 1 2 E] 4 5 0 1 2 3 [

NUMBER OF ROLLING TIMES

Fig. 7 Hardness variation against number of rolling
processes

NUMBER OF ROLLING TIMES.

Fig. 8 Hardness variation against number of rolling
processes



710 $34 49
(Fig. 8o A1 7Ft® 25kgf Al del 9lo] 43 =&
238 Axst ARG AL ARSA 349 AY

o2 RFde)

33 FFAA

(==
Fig. 9& 2g¢2ch5AAl Aol et of
Aoz }5d FUzsE dg A
o5kgfed 7A9o 2gd o] wE P4

32 Ho|lm lrh,
A7 A oo MEE skl gk E
24 FA=} ek, wepa 2z

] 1 .

2 > al T

e g Aes EWxEgel 2A HEsez 3
A ol %

& HAsor Aol AA Ach,

HE el @
dupH oz BAste] & @ ik 25kgfol A
59 SRZEE 4T 4+ AT ¢+ U
2) A= F7te 13 gl A HssA
Aol 245 Folsidc
(3) AAREFE ATl A ArhE
o g9zssl 29 #4%e 23 ALge] 39
257} Fonl ool Agih
0
o__o———o\o_\o—__o
10}
T {APPL!ED FORCE 25kgf.
3 o ] CUTTING FEED  0lmm/rev.
E ROLLING FEED  0,mm/rev,
a
s APPLIED FORCE 2Skgf.
= * {CUTTING FEED  03mm/rev.
240} ROLLING FEED 0,1 mm/rev.
c
2
& .\.\,__d.—_—o———o
-70
S S R R S S

Fig. 9 Reduction of diameter against number of roll-
ing processes

ita]
[}
Ho
ek

(1) %34, 1974, “HIAl od 79 Wb
% #1434, A4

3, pp. 305~313.

(2) PEEREm—HB, 1980, “VIAlT=2Y EwsbFT, 8

x|

, AmZ3Y F7, pp. 897898,
(3) AegA, ZAAMFHAA, 1985 AHUFad, ofF

A7, A€, pp. 275~282, 59~60,

(4) Biihler, H., 1934, “Eigenspanungen in Prige-
polierten Stahlstangen”, Archiv Eisen-
hiittenwesen 8, pp. 515~516.

(5) Iwascheff, W., 1949,
guBeisermen Fithrungen fiir Werkzeugmas-
chinen”, W.U.M. 39, pp. 233~236.

(6) Metals Hand Book, 1974, American Society
for Metals, Vol. 3, New York, pp. 105~106.

(7) ol %3, 1978, “A7Aol Wd Fwd gl
glojAle] Frizxol Wated”, qlsieiedd, A4
=T,

(8) HEA, 1981, “dAol4le] Trigga)s ¥4
z5 wgo] @Bsled”, alstidry, AaEele

“Glattwalzen der

1738, 1983, ‘Aol Erzge st
3 ERigUEsts) BA", A, Aas

7, 1986,
Aol B AT, AskAEA, HASAEE,
1983, “ER2 AN E2] A Fol

£t
(12) o194

, 1983, “¥mHz oA HA o =g

y
457 BRzEd o AE 9F", U3

-

245 1984, “THEEo)A FEFEY A

Qe WA 3G, AskAe

(19) o434,
W) TRz Eol

AR EE,



711

7
To

[e

9]

o

&

2224 spat

¢

#

)

N

A, 1981, HA7|AF2H4

’ A‘] %9 Dp. 375"377,

%74, pp. 1635~1636,

(18)



