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Surface Roughness Analsis of Surface Grinding by Design of Experiments

Long-Zhu Chi*, Sang-Jin Lee’, Hoo-Myung Park’, Jae-Seob Kwak'', Man-Kyung Ha""

L Abstract JL

A measure for good products manufactured by grinding process is the surface roughness that is affected by a lot of operating
parameters such as types of abrasive, grain size, bond material, wheel speed, table speed, depth of cut, hardness of workpiece
and stiffness of grinding machine. In this study, an application of the design of experiments was tried for evaluating the
effect of operating parameters on the surface roughness. The workpiece was a high speed tool steel(SKHS51) and the surface
grinding was conducted. In order to obtain the best surface roughness within constraints of the working range, the optimal
grinding conditions were selected. The usefulness of this method was evaluated by the statistical strategy.

Key Words : Surface Grinding(H 4D, Design of Experiments(4 & A 8)%), Operating Parameters(374 214}, Surface Roughness(
A 2171, Optimal Conditions(Z] & ZA)
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Frequency Surface roughness Table 1 Experimental equipments

inverter tester
Instrument Model
N . . Horizontal spindle
Motor > Wheel Grinding machine .
4 surface grinder
4
Surface roughness
Input Workpiece gh SJ-210P(Mitu toyo)
tester
. Outpu
Machine
Wheel speed table Frequemcy inverter SV03713-2N (LG)
Table speed [ —>
Depth of cut o Surface
Grain size Grinding roughness Table 2 Fixed conditions in experiment
process
Conditions Values
Fig. 1 Experimental setup and input-output
& P P P P oo Abrasive: WA, Grade: K
parameters Grinding wheel . .
Structure: m, Binder: Vitrified
Fig. 1 & 2 Aolx A3 Ag Aok 29 9 &4 Workni SKH51(HRCS5)
orkpiece
Ag AFHOE ekl Foltk 59) 347} Mol 7t P (100x90>20mm)
SO E AvE(inverter) S FA8IGTE & A AHE Dressing Sinele voint diamond d
ARAA ) AT AL 2L 242} Table 1, 29} Pt E condition 1§l POt Ciamone dresser
§_}:'_;<C'o 5}8LA ZAIS 1 3 o L.
B2 B2 24T Table 3o e Grinding type Plunge & up-grinding& wet

3.2 QR R FEe| MY
B Ao AL Table 49 Zo] 223 M2 go]o] o]4 Table 3 Chemical composition(%) of workpiece

£E, A4gol 2 259 YT AAE AGT, & AR

i v |
$F2 35702 Ytk C|Si|Mn| P| S | Cr| W | Mo

0.88{0.2410.29 {0.0210.002( 4.01 | 5.6 | 4.62 | 1.63

33 A3dY ¥ 24

AUAR YA AR AHGhe ol dEE & Table 4 Factors and levels used in experiment
A7 gue Aol g2 dAE ¥ 4 Yokt o
th & Ao &4 AR & A5 4 25 JURA), H) Levels
o) ol E@), BAUOIC) Aole) BEAEE T?] Sign  Factors | Unit | T

3o % 278]9] AYH4E 7AE Ly (3P) 22 2y

i 1 21
ane 3489} Table 5 & Ly, (313) 22 22N A Spindle speed| rpm 1500 | 1800 | 2100

Boj) Zt Ao}t oA =8 2GR AR 74 3eEe B Table speed | m/min| 6 8 | 10
EUAYY] &3 g7 wjgd Rojok

Yo ot 7R AES Fotel 25 BAAY| C | Depthofcut] ym | 1011520
£ EQZ B4AEAE ZIE Table 6 o] Uehfisict. Table D | Grain size # | 46 | 120 | 200

658 dojd z+ x5 RHEAN| vjA= FYAHEE
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Table 5 Orthogonal array table for Ly (3')

Factor Surface
No roughness
A B axb| axp? C axc| axc? bxc| D | e bxc?l e | e (uar)
1 10]0 0 0 0 0 0 0 0|0 0 0]0 0.38
21010 0 0 1 1 1 1 1] 1 1 1)1 0.39
31010 0 0 2 2 2 2 212 2 212 0.35
4 101 1 1 0 0 0 1 1|1 2 2|2 0.43
S 101 1 1 1 1 1 2 2|2 0 0o 0.23
6 |01 1 1 2 2 2 0 0|0 1 |1 047
71012 2 2 0 0 0 2 212 1 1|1 0.23
8 1012 2 2 1 1 1 0 010 2 212 0.47
9 1012 2 2 2 2 2 1 111 0 [ 047
10710 1 2 0 1 2 0 1]2 0 142 0.16
11y1]0 1 2 1 2 0 1 210 1 210 0.30
12(11]0 1 2 2 0 1 2 0|1 2 01 0.38
131171 2 0 0 1 2 1 210 2 011 0.30
14111 2 0 1 2 0 2 01 0 112 0.38
15|11 2 0 2 0 1 0 1]2 1 210 0.36
161112 0 1 0 1 2 2 0]t 1 210 0.42
17112 0 1 1 2 0 0 112 2 011 0.44
181112 0 1 2 0 1 1 210 0 1] 2 0.44
91210 2 1 0 2 1 0 2|1 0 211 0.17
201210 2 1 1 0 2 1 0]2 1 012 0.33
211210 2 1 2 1 0 2 110 2 110 0.37
22121 0 2 0 2 1 1 012 2 110 042
231201 0 2 1 0 2 2 110 0 2|1 0.27
24121 0 2 2 1 0 0 211 1 012 0.29
25122 1 0 0 2 1 2 1]0 1 02 0.27
26122 1 0 1 0 2 0 211 2 110 0.25
271212 1 0 2 1 0 1 012 0 2 i1 043

7}6]-8(Percentage distribution)2 Fig.2¢} Zro] Uehjx
Aot EHAAYY 7|93 AR REYZ(D)-B4H ol
(Cr-22BALEA)-Hol 29 ol$SE@)Y 242 Ut
U3 9tk A, B, C, D 2 a%9) mBag 3 2348 7
&9 Table 83 Zth FufERE ARESH AFAY Yo
Me Lol 433 2A Yo Fert gorg Al

T AlZEE 90%E &3] AMgdith & AFoME

90%9) AlgFtes AgEe Fopd offet 2t

t(a)g;—g)\/%ﬂ.oz
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Table 6 ANOVA table for Surface roughness

Factorf S | @ | V Fo |Fw.os |Foon
A [0.0217{ 2 (0.0109| 8.38" | 5.14 | 10.9
B [0.0194] 2 |0.0097| 7.46' | 5.14 | 10.9
C [0.0347| 2 |[0.0174|13.38"{ 5.14 | 10.9
D {0.0698| 2 {0.0349]|26.85™ | 5.14 | 10.9

AxB|0.0187] 4 [0.0047! 3.62 453 | 9.15

AxC [0.0060] 4 [0.0015{ 1.15 4.53 | 9.15

BxC |0.0378| 4 |0.0095| 7.31° | 4.53 | 9.15
E {0.0077{ 6 |0.0013
T 10.2158| 26

Table 7 Predicted average Surface roughness

Factors Average values
©(Ay) 0.38
A 2(A) 035
n(Ay) 0.31
#(By) 031
B 2 (B)) 035
2 (B,) 0.38
7 (Cy) 031
C 7 (C) 0.34
n(GCy) 0.40
2 (Dy) 0.41
D 2 (D)) 035
(D) 0.28

**: 99% confidence level, *: 95% confidence level

Table 8 Confidence range of each factor

Factors Average values
r(Ay) 0.36~0.40
A u(A,) 0.33~0.37
u(A,) 0.29~0.33
u(By) 0.29~0.33
B ©(B,) 0.33~0.37
#(By) 0.36~0.40
u(Cy) 0.29~0.33
C u(Cy) 0.32~0.36
u(Cy) 0.38~0.42
u(Dy) 0.39~0.43
D #(D)) 0.33~0.37
©(D,) 0.26~0.30
[ 7
g 0l
&
ol
0

Fig. 2 Percentage distribution of factors

Table 7 3 A(3) 225 Z A AFFS Fotod
Table 8] YelW 1 o€ J1HPo.2 BAJ5HYH Fig.2¢} Zch
Table 8 9 Fig 3025 & 4 R3] & 479 4Agz24
Aol BEALYE JaHT 4+ e AU R 89 2
3H2- D2CoABo0l™ 0|8 upEHY ™ Table 93 gt} £E4Y
e AY 2 #200, Aol 10um, F53H&EE
2100rpm, Hjo]&9] ol5& = 6m/min7t EUAAVIE J



A% 4 9k HHY ATRAOE UegeE % 4 9)
th 2EPE BRAN| AY T FF AL A%
EUR 277 Agezsto} AN 4ol HofHE ¢
47t Wk kebd oh) AAUR NG AASE 33
& 2t go] Wasly) HRolth A0, $59) 3
4= Hol 2 ol$4EE R o) AR WA
zﬂﬂa}L FHE Yolo| WE F3) BAAY) 9T
7R &, 2747} olefl vlA|E SFRE} 2] gEe] 3
2 ERAWY AN GFE B2A Yehda,

045

0.40 |

A
I

0.25

Surface roughness

%

T T T Y T T T T T T T
AQ At A2 BO B B2 €0 ¢C1 c2 D0 D1 D2

Fig. 3 Graphical illustration of Surface roughness

Table 9 Optimal sets in this study

Factor Values
Spindle speed 2100rpm
Table speed 6m/min
Depth of cut 10um

Grain size #200

4 8B
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