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2.1

2.1)

(Sliding, F . )

F,= F.+ pA,

A, = b(D H'A

K- u v bt
F,.= Vv

, (V)
[6]
2.1.1 Shimamune Ono

(71

(Grain edge)

(A2)

(u)

+p b (D- Y% A

Fig. 1

(Cutting, F.)

2.1)
2.2)
(2.3)
A
Fe
(2.4)
(v)



Giramn of grinding wheel
b
)

\'\, : 3 /

Cuttmg chip

Cutting arca &

i |
l/f;ﬁx
firr

(u[;,/_ Wear Mlal area a2

Fig. 1 Cutting model of grain edge

(fe, ) (fe fo')
(fe fa')

= ksan + gk, a, (25)

= Aksa, + k, a, (2.6)
_ 1 \% t
Am = n, V d.
Ks : (kg/mm?)
K, : (kg/mm?)
7
A 2



o (1/ mm?)
F.= n.bl_ f, (2.7)
F,= n,bl.f, (28)
2.12 (Specific grinding energy)
M.C. Shaw
(Chip) el
(Plunge grinding)
g, - Y 29
s = A Vv ( . )
E Fe(V 2 V) 2.10
S \ . b. t ( - )
(2.10) + (Up-grinding), (Down-
grinding) v V (2.10)
E o= eV 2.11
s = Ve b. t ( . )
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(Glazing), (Loading) F,

T
p=l
I

2F

(0]

& OAB(

dp
dF = dp- cosy cos¢

ds)

Fig.2

(2.12)



\ ?_--’"'n
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b LY ;
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Girindling -'I'\_'.l,.[hr Girinding N
direction LR R | G T y . direclicn ’ et
:\\ b _J‘I,}:i . s A _J‘._pt ) ..
ika
Fig.2 Grinding force of cutting abrasive
dF; = dp- cos (% - y)= dp- siny (2.13)
, dF, dF; dp
2y
(Ks)
dp= K¢ (ds cosy cos¢)= K, ds cosy cos¢ (2.14)
dp Fig. 2
0
-1 2 e -1 2
ds= 0" d¢- cos - 7)= o siny d¢ (2.15)
2 2 2
(2.15) (2.24)
dp = %‘02- Ke siny cosy cos¢ d¢ (2.16)



(2.16) (212) (2.13)

dF , = %‘02- Ko siny cos’y cos’¢g- dg (2.17)
dF, = %‘02- K. sin’y cosy cos¢- dg (2.18)
, Fi F

772'

F, =f %‘02- Ks siny cos’y cos’¢- dg

g
=%p2- Ke siny cos’y f ”—LCOSZZ 14y

T2

NN

=le2- Ke siny cos’y —Mgz +¢]

NN

=le2- Ke siny cos’y
Ks siny (o cosy)’

= ZK.(g)? siny (2.19)

2
F =f %‘02- Ks sin®y cosy cos¢g- dg

e
2

% K¢ sin’y cosy f cos¢- d¢

2

N |
>

Nl NN

sin’y cosy[sing]

I
N |
)
~
(7]

= o> Kg sin’y cosy



Ks (o cosy)’ sin?y

Ke (9)% siny tany

Ks

Cos y

c9()

= 42x10°( g)” “*(kg/ mm?)

(2.20)

(2.21)
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221

(Integrity)

Fig. 3

Roughness ey
Average - Ru | ~ 2 il

Celﬂuﬂng__j-— gl i 8
I l- M|_g|||bt‘i&ll
Valleys " Spacing J

|—-—'F'.wg|'l1m Samplmg Length or Culoff

Fig. 3 Schematic diagram of surface roughness
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[10]

1 vV - a
R, = 2.22
= oz (voa7) (222)
, Vv , d a
08 o
222
. Optiz .
H
Hy= k t% vV % ve sh p@ (2.23)
(2.23) Tablel
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Table 1 Eexperimental coefficients formular of ground surface

roughnesss
Resear cher a b c d e
salje 0.15 10 0.18 047 047
W atanabe 0.25 05 05 0.38 0.38
W erner 0.26 051 051 - -
M asslow 04 - 06 045 -
t, v, s
, vV, b
223
C, r,
vV, v ,
\% C
Yy = ~ T (2.24)
(D)
(d)
_ Vv 1 1
4 = C V¢t(D + d) (2.25)
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Work Piece (d=2r) gt Grawling Wheel {D-2R)
% TR Yy
F - II| ’ ™
| |
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h ,f‘ *'F ; [T}
4 I\-. i
: . // ; e
B 2 kY 7
e . /!
- - W -
fﬂ- i —

Fig. 4 Ralative motion between grinding wheel and workpiece

cylindrical grinding

aVt (o )
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I
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2.3

, (Least- squares

regression)
(X1, Y1), (X2,Y¥2), ,
(Xn Yn)
Yi= a t a;X; + g (2.28)
, @ , ap , € ,

€ = Yi- 8 - aX

, N
S
Si= 2’ = 2(vi- a- ax)’ (2:29)
a, a; (2.29)
S, _
e, 220(Yi- a,- ax))
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0S,
i 2200 (Y- @~ ax)x]

0 S,

0= Dy, - 2a,- 2ax,
0= DX - 28X - 2a; X,
>la, = na, 8o, Ay 2 1
na, + inal = ZYi
DX+ 2x.Pa; = XY,

(Normal equation)

N2XYi- 20X 2

= nZXiZ- (in)2
(2.32)
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(2.31)

(2.32)
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3.1

WA (V)
, #100, #220, #300, K
¢ 250 mm, 15mm
(STD11)
(L) 100mm, (W) 60mm, (H) 20mm
. Table 2

Table 2 Conditions of the workpiece

W orkpiece STD11

Size 100 mm x 30 mmx 5 mm

Cr(12 ), C(15 ), Mn(06 ),

Chemical composition Ni(05 ), Si(04 ), P(0.03 ),
S(0.03 )
Hardness(Hs) 255(kgi/ )

- 16 -



3.2

(Surface
grinding machine ; NAGASE SGH- 6, Japan) , A 1,0,
WA  KmV( , 225% 15x 50.8 mm)
20 30
Photo.1

(Piezo- electric

type tool dynamometer, Kistler, 9257B)

(Multichannel charge ampli-
fier, Kistler, 5019B) A/D

Fig. 5
(Ra Rumax ) (Mitutoyo, SURF-
TEST 301) , Photo. 2

1800 rpm )

5, 10, 20, 30 , 14, 25, 34, 46m/min
1
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Photo. 1 Experimental set-up for experiment

Coolant
@J p——
| Workpieee [] W

Fixture
_\

Tool Dynamometer

Machine Table

Fig. 5 Schematic diagram of experimental set-up
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Photo. 2 Measurement of surface roughness
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Table 3 4

Table 3 Experimental equipments

Instrument M odel

Grinding machine Horizontal spindle surface grinder
Grinding wheel WA 100KmV, WA220KmV, WA300KmV
W orkpiece STD11(100x 60x 20 mm)

T ool dynamometer Kistler 9257B

Roughness tester MITUTOYO SURFTEST -301
Charge amplifier Kistler 5019B

A/D converter ADLINK 8112PG

Personal Computer Pentiun (Samsung M 6000)

Table 4 Experimental conditions

[tem Condition

Wheel speed 1,800rpm

T able speed 14, 25, 34, 46(m/min)

Depth of cut 5, 10, 20, 30( )

Coolant Shell lubricant(soluble type 25:1)
Dressing condition Single pointed diamond dresser
Grinding type Plunge & Up-grinding & Wet

- 20 -



(STD11)
#100, #220, #300 WA
4 6m/ min 5 30
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4.1

. Fig. 6

dynamic grinding force)

(Settling

force)

(@)
AID

. (b)

I:)flu

time)

Digital Filtering Smooding

(Fluctuation of instant

v Ts

, Py (Settling grinding
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Grinding force (N)

Grinding force

15 5

12 |
g ' IV i
(N I :
=t I
3 4
o4
-3 T T T T T T T T T 1
o a0 60 80 120 150
Mumber of data
Fig. 6(a) Obtained force signal

Iy nnmj_c_g_r_i{l.d'm;_l force

- .’ b hd

5 ' Pl

, 2

T, 7/
- s .
_ Le=y—
P Static grinding force
J v
Time

. 6(b) Definition of static and dynamic grinding force
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4.1.1
Fig. 7 WA
(Fo, Fo) @, (), (c)
#100, #220, #300
5, 10, 20, 30 , 14, 25, 34, 46m/min
. Fig. 7

10, 20, 30

, #300 #100

14, 25, 34, 46m/min

Fig. 7 #100
, #220  #300
, #220 25m/min , #300
14m/min
#100
#220 15 , #300 2
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400 -
a—v=1.4 mv=1.4
A v=135 A v=23 ¥
= 300 4 & v=14 o v=3.d
= "
E w— v=4.0h W v=d. @ . .
g -
o 200 -
=0
= L -
i P L
E u e [ ]
. & A
2 1004 —~
¢ x
i .
‘.
a T T T T : T T T " T
5 10 15 20 25 30

Depth of cut(ym)

Fig. 7(a) Grinding force versus depth of cut for feedrate change
(WA #100 wheel)

F |
300
w— vl m-v=1.4d
250 | A— =25 Ao v=2 5 "
;‘: e—v=34 o--v=34
a 200 - = v=4 6 ® v=4.4
o —
2 x
=0 150 .
3 . g - .
2 1004
r'h
] 1 A
50 | S a |
[ ] %=
P
0 T r T v 1 v I v I - T Y
5 10 15 20 25 30

Depth of oty )

Fig. 7(b) Grinding force versus depth of cut for feedrate change
(WA #220 wheel)
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m--v=1.4
250 how=25
2z e v-34d it
& 200+ wov=4.6
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=11 »
1= I i
= 1004
£ : "
.-: - ] [ ] l
=~ 504 A
]
[ .
o T T T T T 1 T , T
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Depth of cut(m)

Fig. 7(c) Grinding force versus depth of cut for feedrate change
(WA #300 wheel)
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Fig. 8 STDI11

25m/min, 10 4 .6m/ min,
#100
#220, #300
N0 = Fl'n Fl
| —v=2.51=10 - v=2135 =10
250 A A—v=4 6, 1=20 A v=d.6, =20
£ 2004
O
= A
E 150 .
= i
L= | u
E 100 4
o} ] L] &
i
J = Z
Q I E I J I J I f I
100 150 200 250 300

Mesh of wheel

Fig. 8 Relation between grinding force and mesh of wheel

- 27 -



Fig. 9 (Z= bvt)
, vt= constant
WA (#100) 1,800rpm
10 120 10

60

F
[}
300 — ] =i |.{I =2
A----w=25 =10 .
[ ]
- 2804 #----v=1.4, =20
&
.
S L] ™ [ ]
=
R= 200 - - . - . i
=y ry
— [ | i e A "
= | |
T 150 & . e &
.E - o [ | . ] & ™
= [ ]
[ ]
100 ] - -
- . | R 5 i ' 4
[ ] L] A s N & .
' * o & n u
[ ]
EI:I B ! -I ! T T .I T T T
0 20 40 [:14] BO 100 120

Mumber of siroke

Fig. 9 Grinding force for number of stroke at vt=constant
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Fi
. Fig. 10
20
, #100
2, #220 25 , #300
20
. , #100 2.19,
#220 2.73, #300 253
4 =
m— v=1.4 mfmm e v=2.3 mfmin
d 5 & V=34 mfmin A— v=4.6 mfmin

Lz,
s 34 4
E . .
L
o .
& »
;D < - ¢ i
-E & - ' ST
]

1 I L ] i I L T i ] J I

=1 10 15 20 29 30

Depth of cut{;m)

Fig. 10(a) Grinding force ratio versus depth of cut for feedrate
change ( WA #100 wheel )
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m— v=14 mmin &— V=25 mfmin
- 1 i «— v=34 m/min &— v=4.6 m/min
L N I i
<
= .
2 "
oy
Booda . .
&=
= = = 5
= ™ I p— - —
B 2. ¢
_:
[
1 T T 2 T Y T = T 4 T
5 10 13 20 23 30

Depth of cut(m)

Fig. 10(b) Grinding force ratio versus depth of cut for feedrate
change ( WA #220 wheel )

5 o
m— v=1.4 m/min a— V=213 mimin
= #— v= 34 mimin &— v=d 6 mimm
== 4 [ ]
= u
ik
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- 'y
2 ]
A
= .
L .
g S _l
= e ‘ _.
B 24
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1 ¥ " ) L I ol I . ¥ i )
5 10 15 20 25 a0

Depth of cut{ mi)

Fig. 10(c) Grinding force ratio versus depth of cut for feedrate
change ( WA #300 wheel )
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(Ra) (F.) 23

)
o

1]
Q
S

+

aan + ei

nZF nRa' ZFnZRa
nz Fnz' (ZF n)2

m ZF n zRa F_n R_a a; =

#100 2893 | 537 | 18.0813 | 0.3356 | 2.9272*10°° | 0.28267

#220 1965 | 4.27 | 12.2813 | 0.2669 | 4.8727*10° | 0.20706

#300 1517 | 3.12 |948125| 0.195 | 24465*10° | 0.17181

, Fig. 11

R, = 0.28267 + 2.9272x 10" °F, (#100 Wheel)
R, = 0.20706 + 4.8727x 10" °F, (#220 Wheel)
R, = 0.17181+ 2.4465x 10" °F, (#300 Wheel)

, Fig. 11
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Mormal grinding force (N)

Fig. 11 Relation between surface roughness and normal grinding force
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WA STD11

Fig. 12
34m/min , 5, 10, 20, 30
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Fig. 12(a) The distribution of frequency versus grinding force
(WA #100 wheel)
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Fig. 12(b) The distribution of frequency versus grinding force
(WA #220 wheel)
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Fig. 12(c) The distribution of frequency versus grinding force
(WA #300 wheel)



4.2

Fig. 13 WA STD11

Fig. 13(a)

(#100, #220, #300)

Ra Rmax

4 6m/ min

] R max

#220  #300
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Fig. 13(a) Surface roughness of grinding direction for depth of cut
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Fig. 13(b) Surface roughness of grinding direction for feedrate
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Fig. 14(a) Surface roughness(R,) versus depth of cut for feedrate

and mesh of wheel
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4.3

STD11
1 5 Fig. 15 #1100
14m/min  4.6m/min ,
. 5 213
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Fig. 15 Effect of spark-out on the grinding force
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Fig. 16
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Fig. 16 Grinding force versus number of spark-out
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Fig. 17 Effect of spark-out on the surface roughness
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Fig. 18(a) Surface roughness(R,) versus number of spark-out
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Selection of Optimum M achining Condition Using
STD11 Material in Surface Grinding

Lee, young- suk

Dept. of Mechanical Engineering,

Graduate School of Pukyong National University.

Abstract

Generally the grinding, which is applied in the net shape
manufacturing, is an important process that influences directly the
accuracy and integrity of products. This paper deals with parameters
considered in grinding such as grinding force, surface roughness,
feedrate and depth of cut.

In order to measure variation of grinding force and surface
roughness, an experiment was made. In this experiment, equipments
like hydraulic surface grinding machine, dynamometer, charge
amplifier, A/D convertor, PC, surface roughness measuring instrument
and so on were used.

In this experiment variation of grinding force shows that analysis
of static and dynamic peculiarity, the grinding force ratio and the
number of stroke are took into consideration. Besides, the effect of
spark - out examined and surface roughness is observed for machining
quality of workpiece. With the experimental investigation, | suggest
STD11's machining condition for effective grinding.

Key words : Grinding force( ), Depth of cut( )
Feedrate( ), Surface roughness( )
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Nomenclature

A : Cross cutting area of workpiece (mm?)

a, : Wear flat area of grain (mm?)

g
a, : Cutting area of grain (mm?)

Wheel width (mm)

: Distance between grain and other grain (mm)
Wheel diameter (mm)

: Workpiece diameter ( mm)

m o O O o

s . Specific grinding energy (kg/mm?)

f, : Norma component force in grain (kg )

f, : Tangential component force in grain (kg )

F, : Norma component of grinding force (kg )

F. : Tangential component of grinding force (kg )

K, : Specific cutting force in grinding (kg/mm?)

k, : Compressible yield stress in workpiece (kg/mm?)

ks : Specific cutting force in grinding (kg/mm?)

- Friction coefficient between grain and workpiece materials

A : Force component ratio in cutting

. : Contact length between wheel and workpiece ( mm)
n, : Density of grain edge ( ¥ mm?)

P:. : Fluctuation of instant dynamic grinding force

P, : Settling grinding force (kg )

R. : Center line average height roughness ( )

- b1 -



r

: Wheel radius ( mm)

R« - Peak to valley height ( )

Ts

t

\'

\Y,
4
4

. Settling time

Wheel depth of cut or downfeed (

: Workpiece velocity (m/min )

: Wheel velocity (m/min )

. Surface roughness of grinding (R,,

: Metal removal rate ( mm?®/ sec)
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