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Study on Material Removal Rate of Nickel-Based
Superalloy During Honing
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Abstract: Honing experiments are carried out for a typical superalloy GH4169 to analyze the material re-
moval rate against four factors: spindle speed, stroke speed, wedge feed per stroke cycle and grain size.
The results show that: the other three factors have a significant influence on material removal rate while
the spindle speed affects little, in which grain size and feed per stroke cycle exert the greatest impact on
material removal rate. There is a positive correlation between material removal rate and the three
caught. And the experience formula is fit with multiple linear regression. The study also finds that raise
the cross hatch angle appropriately can improve material removal rate. Honing process is optimized for
hole with small allowance and a higher roughness request to achieve higher efficiency.
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Tab.2 Machining parameters and their levels

il A & KF1 K2 KF3 K4
FREEHE n/(r e min ') 600 800 1000 1200
A E u/(m -
min ')

AR ST Ax/pm 0.09 0.22 0.35 0.44
Ak g /pm 100 49 34 8

Tab. 1

1.80 3.24 4.38 5.10
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Tab.3 Experimental conditions and results

1 (5 A RL 22 B
JEN e Q./(mm® « min"' -

n Vs Axr  g. RE mm )
1 1 1 1 1 1 0.0350
2 1 2 2 2 2 0.097 0
3 1 3 3 3 3 0.150 0
4 1 4 4 4 4 0.056 0
5 2 1 2 3 4 0.053 0
6 2 2 1 4 3 0.009 7
7 2 3 4 1 2 0.260 0
8 2 4 3 2 1 0.220 0
9 3 1 3 4 2 0.018 0
10 3 2 4 3 1 0.130 0
11 3 3 1 2 4 0.043 0
12 3 4 2 1 3 0.170 0
13 4 1 4 2 3 0.071 0
14 4 2 3 1 4 0.190 0
15 4 3 2 4 1 0.022 0
16 4 4 1 3 2 0.056 0
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Fig. 2 Schematic diagram of effective length of honing

stone when [,, <[,

Pl 3 TR A R AT R R R

Fig. 3 Schematic diagram of cross-sectional of honing

stone
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Tab. 4 Results of ANOVA for material removal rate

F, .
WERIE  HHE B ¥y & F 5% Y M
n 3 7.28X107° 2.43X107° 8.25
v, 3 1.65X10 ? 5.49X10°%  19.26 M
Ax 3 2.90X 102 9.68X107%  33.96  9.28 29. 46 xx
s 3 3.83%10 * 1.28X10°%  44.81 -
PR 3 8.55X10 * 2.85X10 *

=)

ZEe b

Y
HiBE k) b
B4 7R a0ss SUATE G R s R E

Schematic diagram for formation process of
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Fig. 4

cross hatch angle during honing
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Fig. 5 Material removal rate and cross hatch angle VS

speed of spindle

FIREFIAE OB No — & 3 K o, 2 5 BOH7 B
[k 2> DR G T 18 250 SR A7 BT S 0 s 573 — J77 il AL 6
AT LA 38K v, 2 P EREUSE SUA 0 3R AR
AT 3 AT AT AL 0 B O EAT A1 B B RE 7 3 6 b
A — EAR TR TG AR R

045r  ;=800r/min; Ax=0.35 pm 730
o 4 —eg=100m {25
g 035F —x—0 *
© 030t 120
§ 025¢ 5 S
020 3
S 0.15} {10
~ o.10f
S 15
0.05
) . s 0
0.00 2 4 6

v,/ (m * min™)

6 AN IR A2 3 BE TN AR 25 B 25 R 9 8058 S AR a3
Fig. 6 Material removal rate and cross hatch angle

with increasing stroke speed
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Fig. 7 Material removal rate VS feed per stroke cycle
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Fig. 8 Material removal rate with increasing grain size
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Tab.5 Experimental conditions and results of allowance distribution

HMHT g, =100 pm KT g =34 pm YEHT g, =8 pm L
pga = - " v v Bt Ra/
MBS A/ R A/ BB Ae/ B Ao/ R An/ MEE 0 n
pm gﬁ\/ym pm ?{i\/ym pm é’é\/ym pm éﬁ/,um pm gﬁ\/‘um
1 0. 44 13.2 0. 44 8.8 0.22 4.4 0. 44 4.4 0.22 2.2 25 0.184
2 0. 44 13.2 0. 44 13.2 0.22 6.6 27 0.221
3 0. 44 13.2 0.22 13.2 0.22 6.6 33 0. 157
4 0. 44 13.2 0. 44 8.8 0.22 4.4 0.22 6.6 29 0.163

N5 T LA 24 Pl G2 i IO 8% phy K3
NP A 12,43 3T 5 FRHTHLBE B Ra /N3 K HE
JP R 3.2, 1.4, 7 &3 I 3 THDMLRS B (E J /b
Ra0. 157 o, LS 2 K 37 FURS 3T 1) B A 5 i 2 e 4
/NGB 0. 22 pm, SAHTEE RS [R] D 33 s, HH TP RE T
(0 A 3 2 1A A/ N DA 66 3 I 1 L 3% 1 1)

B R RS T 7 A B ) I SO 75 ) B i~ R HT
IS T BRAT B RO R LR JBE . 5 58 2 AR
AT I IRISCA 27 s (FUR T PF 1) 35 T HDRE J3E 2 4 Fif
T &R N Ra0. 221 pm, B2 i TRAEHT IS
AR IR R 0. 44 s RGHT 5 1 I SO ARG
TR TR AR HT 28 FH AR Jih A R AR B/ (8 ) s HLBRAE
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