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Tribological Condition and Evaluation for Creation Process of Ultra-fine Grained Steels

Akira AzusHIMA, WeiDong XUE and Yoshiaki YOSHIDA

Synopsis : Recently, hot rolling with a severely high redution was developed to make the ultra fine grained steels. The high reduction in the hot rolling

caused some troubles such as increase of the rolling load, occurrence of friction pick up and so on. To solve these problems, new lubricants

with high coefficient of friction at biting and low coefficient of friction during hot rolling must be developed. The lubricants cannot be esti-

mated using the two-disks testing machine or the pin-on-disk testing machine. So, a testing machine to simulate hot rolling in the laboratory
has been developed by the author et al. The performance of the simulator is evaluated at a hot rolling temperature of 800°C using SPHC strip
with a width of 22 mm and a thickness of 9 mm, SKD61 roll with a diameter of 100 mm and a width of 60 mm and new lubricants. Results
from experiment to measure the coefficient of friction decided the lubricity of the lubriconts in hot rolling with a severely high reduction can

be evaluated.

Key words:: hot rolling; coefficient of friction; lubricant; testing machine; ultra fine grained steel.
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Fig. 1. Relationship between coefficient of friction and
rolling distance for process of creating ultra-fine
grained steels.
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(b) Model during hot rolling

Tr: Room temperature
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(a) Model of hot rolling at biting

Fig. 2. Model for hot rolling with high reduction and low
separating force.

Coefficient of friction

—
Room Temp. Rolling Temp.

Fig. 3. Relationship between coefficient of friction and
temperature for process of creating ultra-fine
grained steels.
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Fig. 4. Schematic representation of testing machine to
simulate hot rolling.

Table 1. Specification of testing machine to simulate hot

rolling.

Velocity of main roll U= 207 m/min

Ratio of velocity e 6.3~24

Velocity of sub roll v | = 8~32m/min

Rolling load P|= 200 kN

Rolling torque G| = 800 Nm
Temperature of furnace 77 | = 1100 C

Forward tension Tr | = 3.5 kN

3. BMEEEB MR

BED - ABDRTHCER L 2B VA 23 U CRR
& 7 BRI LE T R ARG AR B AR L, Fig 412§ & D12
E2a2 PO, 724V FQ, MEFQFR & OHIDHlE
JIHISEED@ L DRI TV 5B, ZOREREO F 2 1H
id Table 1IZ/R$, FAZ Y FDLEa—-LEXOY TR A
VEDEu—LE T o —LiE37kW D DCE — & &0 Big)
Xhb, EXZYFOFOo—-LHEELEST 242 PO L -
To—LHEEORIE, BERAEBIC L > THEZ N,
63~24DMBIZZLTE S, TAZ Y PO Ev— gk
207 m/min  THEBEHIZELTE S, FA 4V FOMEY
)y A& =12k ) AR XN B EEREO R KMEIZ200kN T,
JEZE b L2 DFFRMEIZ800NMTH 5., MESFE& LT,
MEAE X960 mm DHRNEA A — O MBEUFEEHL, £
HiZEdmaEs vy 75 L - TR DA 4KREL,
FOEKIZ200V, 48kWTH B, MEEREL, TV 8L
FHiF ES100P 12 & - THIf X v, 1100°C E THRET S Z
EWRTED, FNICEFHEATATHETILIT Y HALE
AL, MEX N OEREOBILAERIE TS Z AT
%2, WOMHBEEHIZZ 7V ) Y RICkDARESh, 20K
KAEIZ3SKNTH B, Mo A—2l2k i X h /- FiE
MLz, u— P ez XDl S h 7z EE & i K O
DB XN EEGEROMSRIE, BRRE, Eu - L EE
BLXUORBEOXRDEEOREFAL Loy Ea—
A —ZFiEkRE NS,



4. T

KE FERIEIE A AT RE & 4 2 A RIA RBFIZBEIE R A
<, ZOBBIRPIZERREDMET § 2 & 5 SEERED
FENEZEAL & BT 5 72 ® DL H % % Fig. 5(a), (b), ()i
AT, Fig. 5@) IZART XD, FAZYFEFTILZVE
Ou—-LOMIZREFEZ Xy bL, DDOVWTHTAAVF
Ou— Ly AT LU, Wi OE)RE 2 filfH L <
FTAROILEAFEEE $ 5, ZhElErs, BRIz
FRIEE D F v v 2 8AED [HF, 37D AR A
TRNEFINT 2 22Kl AE - TR EE 5
EIZF 2, DDWT, MRIMRA A — DIIEYEIZ & D AAER
FAFEERE $TER XY, —EMREEE L%, By
RNENMERERS, ¥ T ARV FAFERT S ZLIZ&
D, Fig. 5(b) DIRREE TR A BB ¥ 5, ZORET
O — LD FORERR TR TR EBE IZFRE L 22850 4
BEILTCETW3,

Fig. 5(b) DIRRE £ THRBEF AME L 7212, FX 4V FOD
e roxmicFEEmEZ S L—-L, E2Z2 Y FD E
U= LZfEDETRTIRDFELETESETHET S
b, TOL X, REBHFZ—TORE Yy TBEHL D,
O = JLZIEEEUTIRDIREIZESTWE, £/2F
O — LR REEPRRE TR L T B, 24V FOu—L
ZIET L7, Fig 5(c) IZART &1, —EDE FRET—
EFHEEC T RO RS NS, TRDEE, EX LV D
JEHEREP, Lo—Lo by GHllEEh, BEERK
X,

G

“~ bR

XoRkpohsds, 22T, REFEZALYFO L —-1DF
EThd,

Fig. LZIRT & O 20 2 oA A EELIRE D BEHE LR B D AR REEE
L%BET 5722912, Fig. 5c) DIRETEZ 2V FO |
T — L ASERER T IZ I L T & DFERE & ELE b L2 &
ImsDH Y TFY) v 7 a 4 LTCHEL, TOFBR, F24
Y PO v — U3 ER IS8 U 72 3 O B0l a0 EE AR 3L
ZALEBET 5 Z L BNATREE B D, 7 OEBRE ORI
b2 o KETHENSTE B0E S »OFMES TS %5,

5. BRI

5.1 HREGLHBRBEROBHEM

AR — L LB L LT, Table2 T3 &y icu—u
P A SKD61 T, BEZ100mm, 1H60mm»D 2 — i L f
BT M E A SPHC T, IE22mm, & X 9mm, £ X
2750 mm DREER A A L7z, RERT B0, o—Lo%
A3 No. 400D T X Y ERTHIEBL , ~F4 v THE%L
Fzo U—ILOKEMH X2 0.15 umRaFREIZEF L /2, [EAE

29

BRI AAEL S 2 2 2D 7D b T 4 R a Y —ZfE L ZOFHE
Sub-Stand

Sub-Stand

Main-Stand

Workpiece

000000000
Furnace

(a) State of heating

Main-Stand
800°C

Workpiece ( v

T
©

(by State before loading in main-stand

0000000p0|

000000000
Furnace

Sub-Stand Main-Stand

GT/

Workpiece .
[

1
I

Q00000000
Furnace

(c) State after loading in main-stand

Fig. 5. Testing method for simulation.

Table 2. Rolls and workpiece.

Rolls Workpiece
Materials SKD61 SPHC
Dimensions #100mm X 60 mm | 22mm X 9 mm

Table 3. Testing conditions.

Velocity of main roll U 30~100 m/min
Ratio of velocity 7y 20
Velocity of sub roll v 1.5~5 m/min
Temperature of furnace T; 800 °C
Forward tension Tr 0.9 kN
Rolling reduction of thickness At 0.13~0.57 mm
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Table 4. Composition of colloidal lubricants.

Lubricant A B
Wool grease 5% 2%
Metallic soap 10% 10%
Additive agent 17.5% 15%
Water 67.5% 73%
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Fig. 6. Reproducibility of measured coefficient of friction.
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Fig. 7. Relationships between coeflicient of friction and
rolling distance at several rolling reduction using
colza oil.
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Fig. 8. Relationship between coefficient of friction and
rolling reduction.

Time t s
00 04 08 12 168 20 24
0.5
2 t;=9mm T;=800°C
ws=22mm r,=20
5 0.414t,=013mm i
S —— U=30m/min
= 03 - 50 m/min
[$) e 70 m/min
E ——— 100 m/min
o 02
g -
S 01 ===
0.0
0 10 20 30 40 50 60
Rolling distance L mm
L 1 1 L
0 1 2 3

Number of rotations N

Fig. 9. Relationships between coefficient of friction and
rolling distance at several velocities of main roll
using colza oil.
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Fig. 10. Relationship between coefficient of friction and

velocity of main roll.
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Fig. 11. Relationships between coefficient of friction and

temperature for collodial lubricants®.
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Fig. 12. Relationships between coefficient of friction and

rolling distance for collodial lubricants.
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