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Modeling of the Centerless Infeed (Plunge) Grinding Process 

K a n g  K i m *  

School o f  Mechanical and Automotive Engineering, Kookmin University, 

861-1 Jungreung-dong, Sungbook-gu, Seoul 136-702, Korea 

A computer simulation method for investigating the form generation mechanism in the 

centerless infeed (plunge) grinding process is described. For a 3-D simulation model of form 

generation, contact points are assumed to be on least squares contact lines at the grinding wheel, 

regulating wheel, and work-rest blade. Using force and deflection analyses, the validity of this 

assumption is shown. Based on the 2-D simulation model developed in the previous work and 

the least squares contact line assumption, a 3-D model is presented. To validate this model, 

simulation results were compared with the experimental works. The experiments and computer 

simulations were carried out using three types of cylindrical workpiece shapes with varying flat 

length. The experimental results agree well with the simulation. It can be seen that the effect of 

fiat end propagated to the opposite end through workpiece reorientation. 
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1. Introduct ion  

In spite of the development of new precision 

manufacturing processes, centerless grinding pro- 

cess still remains the most accurate and popular 

process for machining cylindrical parts. Conven- 

tionally, the most widely known control para- 

meter for cylindrically ground parts has been the 

roundness. With the growing requirement for ac- 

curacy in a cylindrical feature, straightness and 

parallelism also become major tolerances affec- 

ting the quality of ground parts. For example, a 

survey carried out in this work of a diesel engine 

fuel injector factory revealed that over 80% of 

plungers did not satisfy the specified cylindricity 

tolerance and the resultant clearance. The average 

ratio of out-of-roundness, straightness, and taper 

was found to be 2 : 1 : 2. 
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The representative theoretical researches about 

rounding mechanisms in centerless grinding were 

presented by Dall (1946), Yonetsu (1959), and 

Rowe and Barash (1964). Their researches were 

based on the infeed grinding process, and were 

limited to 2-D modeling to investigate the in- 

fluences of centerless grinding variables on the 

out-of ' roundness of the ground part. In the 2-D 

case, the governing equation was developed under 

the assumption that the shape of any cross-sec- 

tional layer is exactly the same. The objective of 

this research is to develop a 3-D computer simula- 

tion method for a cylindrical form generation 

mechanism in a centerless infeed grinding process. 

The fundamental form of the 3-D model is the 

same as that of the 2-D model developed in the 

previous work (Kim et al., 1992a). However, it is 

essential to consider all contact points at the 

grinding wheel, regulating wheel, and work-rest 

blade. To overcome this difficulty, an averaging 

concept defining contact lines between the work- 

piece and the machine elements is required to 

incorporate the effects of contact points which are 

not in the same layer. In this paper, a straight line 

fitted by least squares is selected as the contact 
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line because of mathematical simplicity. The 

interference phenomena (Kim et al., 1992b) are 

also included to formulate the least squares con- 

tact lines (LSCL). To check the feasibility of 

contact line modeling, force and deflection at a 

contact point are also analyzed. The basic con- 

cepts of the apparent depth of cut, the interference 

restrictions, and the machining elasticity concept 

in Kim, Chu, and Barash's researches (1992a, 

1992b) are adopted in this work. 

2. Force  and D e f l e c t i o n  A n a l y s e s  

Figure 1 shows the simplified 2-D configura- 

tion of the centerless grinding geometry where 0 

is the angle of rotation (AOgOX) between the 

initial reference line OX on the workpiece and the 

grinding wheel contact normal shown as OOg, a 

is the angle (ZOgOB) between the line OOg and 

the normal line OB of the work-rest blade sur- 

face, /3 is the supplementary angle (z-ZOgOOr)  

between the line OOr connecting the work-piece 

center and the regulating wheel center and the line 

OOg, and 7 is the top angle of the work-rest 

blade. The reference line OX coincides with the 

line OOg at the beginning of grinding. 

Figure 2 shows a two-dimensional free body 

diagram of a workpiece during a centerless grin- 

ding process, where Fn is a normal force at the 

grinding wheel contact point, Ft  is a tangential 

force at the grinding wheel contact point, Bn is a 

normal force at the work-rest blade contact point, 

Bt is a tangential force at the work-rest blade 

X~Reference Line 

Dg Workpiece 

Wheel o' Y 

Fig. 1 

Or Regulating 

Centerless grinding geometry 

contact point, Rn is a normal force at the 

regulating wheel contact point, Rt is a tangential 

force at the regulating wheel contact point, Gw is 

a weight of the workpiece 8 is the angle between 

the grinding wheel contact normal and the line 

connecting the grinding wheel center and the 

regulating wheel center, and r is the angle be- 

tween the regulating wheel contact normal and 

the line connecting the grinding wheel center and 

the regulating wheel center. 

Force equilibrium conditions can be expressed 

as follows : 

Ft - Bt - Rt=O (1) 

F .  cos 3 + F ,  s in  3 + B ~  cos 7 (2) 

- -B t  s in  r - R .  cos r - R t  s in  r=O 

F ,  s in  ~ - F t  cos 8 + B ,  s in  7 (3) 

+ B t  cos 7+R~ s in  r - R t  cos r - G w = 0  

While the workpiece rotates, there is a slip 

between the work-rest blade and the workpiece. 

Bt is kinetic frictional force at the work rest 

blade contact point given by : 

Bt =12kBn (4) 

where /2~ is the kinetic friction coefficient. 

In centerless grinding process, the regulating 

wheel drives the workpiece and provides a 

braking action (ASM International, 1989). Thus 

Rt is less than or equal to the static friction force 

between the regulating wheel and the workpiece. 

Then the relation between Rt and g~ is given 

as : 

._{_...__ ~ ~ Workpiece 

Work-rest 
blade 

Fig. 2 Two-dimensional free body diagram of 
workpiece 
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R ,  = x R .  <- z r R .  (5) 

where ,ur is static friction coefficient and K is a 

constant  which is less than or equal  to the static 

friction coefficient at the regulating wheel contact  

point. 

Figure 2 shows the relationships among the 

angles, a, fl, ~, r, and 7, where 

a : 7 - - ~  (6) 

f l = & + r  (7) 

Thus, from Eqs. (1) through (7), we get 

B.  _ K(cos f l+ l) - s i n  fl 
D E N O  

- C b  (8) 

10 

B. _ , u h  (cos a -  1 ) +sin a 
Fn D E N O  

- C r  ( 9 )  

where 

DENO=sin (a+fl)  +,uk [cos ( a + f l )  --cos fl] 
-K[cos ( a+ f l )  +cos a] 
+,uhtc[sin(a+/~) +sin a - s i n  ~] 

under the assumption that Gw<<Fn. 

Therefore,  Ft,  B . ,  B .  R . ,  and R t  can be 

expressed as : 

F ,  = (,ukCb + tcCr) F .  ( lO) 

B .  = CbFn ( I 1 ) 

B t  = ,ukCbFn (12) 

Rn = CrFn (13) 

R ,  = ~cCrF. (14) 

Figure 3 shows the changes of  these forces 

according to the change of  •. ,uk, ,ur, a, and fl 

were taken as 0.3, 0.4, 57.8 ° , and 6 ° , respectively. 

When the workpiece is a plain carbon steel, the 

friction coefficient between the workpiece and the 

gr inding wheel, ,Us, is 0.4 (Malkin,  1989), and K 

corresponding to this value is 0.22 (Fig. 3). Thus, 

it can be assumed that the lower bound of  /c is 

0.22 and the upper bound of /¢ i s  0.4 from Eq. (5). 

Grinding zone ( No burn) 

05 

O0 

Fig. 3 

I 

OO 01 02 03 04 

The changes of forces according to the change 

of x (Workpiece material : steel, /lk=0.3, i f=  

57.8 °, f l = 6  °) 

Figure  4 shows the cross-sect ional  d iagram of  

the elastic compression at the contact  point  of  

cylindrical  bodies. When the contact  widths at the 

contact  points are much smaller than the radii of  

these bodies, half  of  contact  width, a, and the 

deflection o f  the upper half  center body at the 

contact  point, ~m, are given as : 

4 P R *  
a =  roE* 

1 1 _~ 1 1 _ l - - v  z . } _ l - v l  2 
~ - = R  R~' E* E ~ /  15) 

( 1 -- u z) 
3 m = P  T ( 2 l n ( 4 R / a )  - I } 16) 

where P is the compressive load per unit axial 

length, R is the radius of  central body, and E ,  

El ,  u and Ul are the modul i  of  elasticity and 

the Poisson's  ratios of  each body, respectively 

(Johnson,  1987). 

During the centerless gr inding process, the ex- 

ternal forces on the workpiece satisfy equi l ibr ium 

conditions.  The normal  force applied at the 

regulating wheel contact point  can be given as a 

function of  Fn, as shown in Eq. (13). Hence, half  

of  the contact  width, ar, at the regulating wheel 
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P 

P 

Fig. 4 Cross-sectional diagram of the elastic com- 
pression at contact point of cylindrical bodies 
(Johnson, 1987) 

contact point  deflection of the workpiece, awr, 

due to Rn and the deflection of the regulating 

wheel, c~,., can be expressed as 

/ 4C~F.R~* 

1 l q  I 1 

R r  * = #  Rr' E,* 
1 - ~  ~ ~_ l--Ur ~ 

-- E E ~  ] (17) 

( 1 - u 2) 
~ w r = C r ~ { Z l n ( 4 R / a r ) - l } F n  (18) 

( 1 --  u,  z) 
ar~-Cr zEr { 2 1 n ( 4 R ~ / a . ) - l } F .  (19) 

where R~ is the radius of  the regulating wheel, 

Er is the modulus  of elasticity of the regulating 

wheel, and vr is the Poisson's  ratio of the 

regulating wheel. Similarly, the normal  force ap- 

plied at the work-rest  blade contact point  can be 

found in Eq. (11), and half  of  the contact width, 

ab, at the work-rest  blade contact point  and 

deflection of  the workpiece, ~wb, due to Bn can be 

expressed as 

/ 4CbF,,Rb* 

1 1 ÷ 1 1 1 1-~2 bl--Yb 2 
R~b*=R - ~ - R '  E~*-  E ~ /  (20) 

~" 4O0 

E 
o 

.~_ 3 0 0  

E 

~ 2 0 0  

E 100 
o 

O 

0 

Fig. 5 

regulating w. & 

. . . .  i , • v ,  , ,  j , . -"  , '  w - '  • 

100 200 300 

Normal Grinding Force ( N/cm ) 

Contact width at each contact point 

( 1 - uz) awb=Cb {21n(4R/ab)--I }F. (21) 

where Eb is the modulus  of elasticity of the 

regulating wheel and ~b is the Poisson's  ratio of 

the regulating wheel. The work-rest  blade was 

assumed as a simple column, and the deflection of 

the work-rest  blade, c~b, is given as : 

Cb h Fn (22) 

where h is the height of the work-rest  blade and 

t is the thickness. 

The contact width and deflection at each con- 

tact point  are calculated as functions of F .  using 

Eqs. (17) through (22) under  the fol lowing con- 

d i t ions :  a = 5 7 . 8  °, f l = 6  °, R = 1 5 m m ,  R g = 2 7 1  

mm, R ~ = I S I  mm, and using steel ( E = 2 0 . 7  M N /  

cm z, u=0 .3 )  as the workpiece material. K was 

assumed to be 0.31, the medium value in the 

gr inding zone in shown Fig. 3. Mechanical  pro- 

perties of the regulating wheel, Er and ~r, were 

assumed as 1.55 M N / c m  z and 0.25, respectively 

(Kingery et al., 1976). The work-rest  blade ma- 

terial was assumed to be tungsten carbide, and the 

mechanical  properties, Eb and ub, and the di- 

mensions,  h and t, were assumed as 55.1 M N /  

cm z, 0.3, 60mm,  and 7 mm, respectively. The 

resultant contact width and deflection are shown 

in Figs. 5 through 7. 

Figure 5 shows that the contact width at the 

regulating wheel contact point  is wider than that 

at the work-rest  blade contact point.  Since the 

wheels and workpiece are cylindrical  bodies, it 
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can be assumed that the local deflection of the 

regulating wheel at the workpiece contact point 

will be greater than that of the work-rest blade. 

Normally, the theoretical contact stiffness is 

larger than the measured one, and theoretically 

the calculated contact area is always smaller than 

the measured one (Snoeys and Wang, 1968). 

Thus, it can be expected that the contact width 

and the deflection of elements at each contact 

point during an actual centerless grinding process 

will be larger than the values that are calculated 

in this section. 

3. Least Squares Contact Line 

Through the force and deflection analyses in 

the previous section, it can be deduced that the 

workpiece is engaged with the wheels over some 

contact area. Normally, the surface of a cylin- 

drical part shows not only the circumferential 

A z 
reference axis "1" 

of workpiece I 

i = c _ _  ~~___~_. 

\ ' - - ' t  i~ c.'~(O.z~ 

I 
I 
I 

Fig. 8 Contact line fitted by least squares (LSCL) 

waviness but also an axial waviness. Like the 

circumferential waviness, the axial waviness also 

has peaks and valleys. To generate the contact 

line, the peaks are assumed to deflect elastically 

and engage with the wheel surface, and some 

valleys are not in contact .with the wheel. There- 

fore, the contact line was assumed as a line 

passing through the middle of peaks and valleys. 

Among the lines that satisfy this assumption, a 

straight line fitted by least squares was selected as 

the contact line because of mathematical simpli- 

city. Fig. 8 shows the difference between the 

surface points of the workpiece and the points 

calculated from the contact line fitted by least 

squares, Cg(0, z). The mathematical form of the 

least squares contact line (LSCL) is as follows : 

Cg(O, z ) = A + B z  ~/)~-z~q) (23) 

A = { ~ r ( O ,  z~)} /n-B{~z~} /n  (24) 

~{ zir(O, zi)}-  [{ Y,z~ }{ ~r(O, zi) }/n] 
B= Ez?-{ Ez, )2/n 

(,-<zi~q, n=~f) 
(25) 

where r(O, zi) is the distance from any reference 

point in the cross-section of the workpiece at 

axial distance zi from the leading end to the 

periphery of the workpiece at angle t9 from the 

reference line, z is the axial distance from the 

leading end of the workpiece to the simulation 

layer, p is a lower bound for LSCL, q is an upper 

bound for LSCL, and n is the number of layers 
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between p and q. 

During an infeed grinding process, the full 

width of the workpiece contacts the wheels. So 

the lower bound and the upper bound of z for 

LSCL are 0 and w, respectively. Also, there are 

interference phenomena in a centerless grinding 

process (Kim et al., 1992b). Thus, if the angular 

displacement difference between the real regula- 

ting wheel contact point at rotation 0 and its 

ideal contact point, r(O--rc+fl, zi), is ~e0 .... the 

LSCL equation for the regulating wheel contact 

line, Cwo(O-rc+fl, z), is as fol lows:  

Cw(O-z+t~ ,  z ) = A r + B r z  (O<-z~w) (26) 

Ar=[E{ c0s (~0,z~)r(O-zc+fl+~o,z,, zi)}]/n-Br{ ~.zi }In (27) 

B=~{z~{cd~,~,)r{O-z+~+~u,,z,)}}-[{~z,}{Y,(cos(~,,,)r(O-x+J+~,~,,z~))}:n] 

n - -  W 

(28) 

where n is the number of measurement layers of 
the workpiece. 

Similarly, if the angular displacement differ- 

ence between the real work-rest  blade contact 

point and its ideal contact point, r(O--a,  z~), is 

~o,zi, LSCL equation for the work-rest  blade 

contact line, Cg(O-a ,  z), can be expressed as 
follows : 

Cwo(o-a, z ) : A b + B b z  (O<_z<w) (29) 

Ab=[2{ c0s(~0,,,)r(O-a+~e,z~, z,)}]/n-Bb{ 2z~}/n (30) 

B~= :~ ~' c~¢,~ r(O-~+~,~o ~})-[{ Y,z }{ ~ cos {,,, r O-a+~,~, z I,,,,'n 

n-- W 
(31) 

4. Three Dimens iona l  Model  

When the irregularities of the workpiece occur 

either at the work-rest  blade or at the regulating 

wheel, the workpiece will be displaced and the 

apparent depth of  cut at the grinding wheel con- 

tact point will be changed. Thus, the apparent 
depth of cut, D(O, V, z), is given as 

D(O, 7, z)=D(0, 0, z)+cos 3{X(0)-X(0)} 

sinB {Cg(O-a,z)-Cg(-a,z)}  
sin(a+,6') 

(32) 
+ sina ~ w ~ {  q (O-~r+fl, z ) -q (-,r+~3, z)} 

+{c0s(¢ r(0+~, z)-r  (-2~, z/} 

where X ( f )  is the magnitude of the infeed mo- 

tion at 0, c~ is the angle between infeed motion 

and grinding wheel contact normal, and q is the 

angular displacement difference between the real 

grinding wheel contact point and the ideal contact 
point. 

The machining factor, Kin, and threshold 

grinding force, Po, are available for the full length 

of the workpiece. To apply these values to this 

model, these values must be divided by the num- 

ber of layers, n. Likewise, if the elasticity factor, 

Ke, is assumed as a parallel connection of n 

springs, this factor can be regarded as Ke/n. 
Therefore, if ~Tm~x is the angular displacement 

difference between the point which has the 

maximum apparent depth of cut, D ( 0 ,  Z/max, zl),  

and the ideal contact point, r (8, z~) of layer i, 

the deflection of the system, x (0, z~), is given as : 

A(O, z~) x(O, z~)- 
(Ke/n) (33) 

= c o s ( ~ ) {  D ( O, Z]m~, Z~) - L ( O, Z]m~, Z,)} 

where fn(O, zi) is the normal grinding force 

acting at layer i, and L(O, z] . . . .  &) is the true 

depth of cut at the point which has the maximum 

apparent depth of cut. 

If r(O+z]k, zi) is one of the grinding wheel 

contact points of this layer, the true depth of cut, 

L(O, ~,  &), with its corresponding D(O, r]k, zi) 
is given as:  

L(O, V~, z~)- cos(Tk)D(O, ~h, z~)-x(O, z,) 
cos (/7~) (34) 

(when c0s(qk)D(0, 7k, z,.) >x(O, zi)) 

When cos(~Tk)D(0, tck, zi) is less than the 
deflection of the system, x(O, z~), material re- 

moval will be zero. Thus fn(~, zz) can be 
formulated as a function of the true depth of cut : 

fn(O, z~) - K m  z ~ ) ] + P °  (35) --n--[Jor~alt k L ( O '  7]k, 



1032 Kang Kim 

If there are positive x (0,  zi) and L (0, r/k, z;),  ~ . . . . . . . .  
which satisfy Eqs. (33), (34), and (35) simulta- 

3 4 .  t15 
neously, actual material removal can happen. 
Therefore, if a peripheral point, rota (0-[-z]~, ,el), 
is ground at rotation O, then this peripheral point, 33.4~ 

r~ew(O+zlk, Z~), just after this instantaneous 
grinding can be expressed as .~.,o~ 

r.~(0+T/~, z,)=rota(O+~, z~)-L(8, ~,, z~) (36) 

5. Experiment  and Simulat ion 

The pre-grinding shape of  the specimens in this 
experiment was a partially flat cylindrical hollow 
bar as shown in Fig. 9. This shape is easy to 
control and includes all orders of  harmonics 
below the fortieth with the largest amplitudes 
obtained for the lowest orders (Rowe et al., 
1965). It is useful to find any effect of  the grinding 
variables on a certain order of waviness. Three 
types of workpieces were used in this work. The 
first type of  specimen had a flat along its axis. The 
second and third types had flats whose lengths 
were 2/3 and 1/3 of the specimen length, respec- 
tively. The material of the specimens was a har- 
dened steel with Rockwell  C hardness of  62-63. 
The roundness error, straightness, and taper of the 
pre-grinding specimens, except the flat area, were 

2 9 . q ~  

9.7~ 

9.4.q i- 

5.55 

4.88 

A / 1 B  8 I 

0 L L#2 L#3 L#4 L#5 L#fi L#7 L#O i 

(Measurement Layers} 3 .  b e  [- 

!= =! i J 
(unit: ram) *. ?s 

Type A (--.0.3) B C (+0004) D (±0002) 

I1 75 ±0.3 s.ua i xz 

12 75 50 +05 0.05 24.990 "E 

13 25 -+05 un 

Fig. 9 Details of the specimen geometry Fig. 11 

15,8B ~ 

Fig. 10 

r u ~ u . ~  

3 7 . 4 ~  

i 

33.65 ~- 
J 

3 3 ,  zo 

z ht 

6 t l .  ? 

SZ. 3 

44. 1 

35.B 

1 9 . 4  

1 1 . z  

i 3.~1 

Experimental result (specimen type: 12, fl=4 °) 

6B.5 

52.3 

35.9 

27.7 

1 9 . 5  

1 1 . Z  

3 , 8  

~m 

Experimental result (specimen type: I3, /~=4 °) 
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within 2 pm, and the deviation of the flat depth 

was within 4 pm. The grinding machine and 

conditions are given in Table 1. 

To investigate the ground specimens 3-dimen- 

sionally, nine measuring layers (from 0 to 8) of 

each specimen were selected and their locations 

are shown in Fig. 9. The cylindricity profiles were 

measured on the Talyrond 252 machine from 

Rank Taylor  Hobson Co. The measured cylin- 

dricity profiles are presented in Figs. 10 and 11. 

To figure out the geometry of a ground work- 

piece, computer simulation techniques are applied 

to the analytical models. In this simulation model, 

a cylindrical coordinate system is used. The z- 

axis of this coordinate system is parallel to the 

geometric axis of the pre-grinding workpiece. The 

origin of the z-axis is fixed at an arbitrary 

position around the geometric center of the pre- 

grinding 2-D profile of the workpiece leading 

end. To generate a 3-D geometric shape of the 

workpiece, it is segmented into 9 equi-spaced 

layers, and the periphery of each layer is divided 

by 360 equal angles. The distance, which is mea- 

sured from the axis of a layer to the angularly 

equi-spaced periphery point of this layer, reflects 

the instantaneous radius of this surface, r(O, z). 
All layers are then rotated incrementally in 360 

steps per revolution. Each time, the new work- 

piece position is found and the regulating wheel 

contact line and the work-rest  blade contact line 

are generated using the least squares contact line 

model from the real contact points of each layer. 

Then, the apparent depth of cut values, D, at the 

feasible grinding contact points are calculated 

using the contact lines for each layer. The next 

step is similar to the 2-D simulation (Kim et al., 
1992). 

Simulation was carried out under the same 

conditions as shown in Table I. The threshold 

grinding force, Po, of 210 N was quoted from the 

reference (ASM International, 1989), and the 

machining factor, Kin, was calculated as 195.5 

MN/m (Kim et al., 1992). The elasticity factor, 

Ke, of 20 M N / m  was cited from the reference 

Fig. 12 Simulation result (specimen type: 12,/3=4 ° ) Fig. 13 Simulation result (specimen type: I3, 8=4 ° ) 
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(Reshetov and Portman, 1988). Simulation 

results are shown in Figs. 12-13. 

6. Results and Discussion 

The simulation results in Figs. 12-13 show that 

the number of lobes and the angular displacement 

of the peaks and the corresponding valleys are 

similar to the corresponding experimental results 

shown in Figs. 10-11. For  the specimen type I2, 

Figure 12 shows the gradually decreasing trend 

of the waviness amplitude toward the round 

end, while maintaining the characteristics of the 

roundness profile (number of lobes and locations 

of the major peaks and valleys). Figure 13 shows 

the simulation result of type 13 specimen. As in 

the case of type I2 specimen, the amplitude of wavi- 

ness gradually decreases, and it becomes almost 

0 at layer #6. The roundness profile of the round 

end (layer #8) shows 180 ° phase shift of all peaks 

and valleys. The corresponding experimental 

results (Fig. I1) show similar characteristics. It 

can be seen in type 12 specimen that the specimen 

wobbles around the round end (layer #8). For  

type 13 specimen, it wobbles around the mid-  

section (near layer #6). For  centerless infeed 

grinding, workpiece reorientation is shown to 

greatly influence the cylindricity of the ground 

workpiece. 

As expected, it can be seen that the contact 

points which are not in the same analyzed layer 

have an effect on the roundness mechanism of this 

layer. This means that the centerless infeed grind- 

ing process must be understood 3-dimensionally, 

even though the 2-D rounding mechanism provi- 

des adequate guidelines for machine set-up. Both 

experimental and simulation results reveal that 
the shape of ground part is affected not only by 

the circumferential waviness but also by the axial 

waviness of the initial shape. 

7. Conclusion 

The objective of this research is to develop a 
computer simulation method to investigate the 

mechanism of cylindrical form generation in the 

centerless infeed grinding process. The 3-D infeed 

model was developed based on the 2-D infeed 

model and the concept of least squares contact 

line (LSCL).  LSCLs were formulated to include 

the effects of contact points which are not on a 

straight line, and the interference phenomena. To 

validate the feasibility of LSCL modeling, force 

and deflection at a contact point were analyzed. 

All the simulation results show that the number 

of lobes and the angular displacement of peaks 

and corresponding valleys are similar to the cor- 
responding experimental results. Also, it was 

found that the workpiece reorientation plays an 

important role in the cylindricity of the ground 
part. 
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