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Abstract: Based on the regularity of geometric kinematics for a single abrasive micro-grinding
and the minimum function, the global abrasive micro-grinding trajectory expression was deduced.
The envelope function set of a micro-grinding workpiece surface was established, the simulation
prediction model of grinding processing microstructures was obtained, and the correctness of the
model was verified by conducting the micro-grinding processing experiment of DDS5 nickel-based
single crystal superalloy. The experimental results showed that the simulated predicted micro-
morphology has similar characteristics to those of the actual micro-morphology. The error between
the simulated predicted line contour height and the actual machined micro-grinding line contour
height is 0.2 ~ 0.3 pwm. The comparison results of surface roughness under different grinding
parameters also showed that the prediction model is consistent with the experimental results.
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Fig. 1 Actual size arrangement of abrasive
particles and simplified model of
abrasive grains
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Fig. 3 Geomorphology comparison of the
micro-abrasive tool
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Fig. 4 Trajectory of abrasive particles
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Fig. 5 Simulation flow chart of the micro-grinding
surface topography
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Fig. 6 DDS5 surface morphology comparison results at the feed speed v,, =20 ym/s, spindle speed

n=3.5x10" r/min, cutting depth a, =8 ym
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Fig. 7 DD5 surface morphology comparison results at the feed speed v,, =20 ym/s, spindle speed

n=1.5x10* r/min,cutting depth a, =18 ym
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n=3.5x10* r/min,cutting depth a, =18 ym

(a)—MEERTH; (b) —FNERT; () —ZRECERXT L.

2.2 REMAKEXLLSHT

JNIEL 9 HrmT DL H 2 T KR 2T T
P e B W S | R SR R R
S 10 F115 pm B BRI R, 4351k 0. 264
F10.390 wm, 5550 & R, 43 A h 0.334 F
0.537 um, {1 9a Fron. 7E & 9b Hr | =45 43
$I°A 15 000 #1145 000 r/min B} ERIFFI R, 4351
0.571 F10. 420 pm, SEEI & R, 43590k 0. 994
F10.759 pwm. & 9c Hr, 45 3 FE 43 51 R 20

80 wm/s Bf, B A I R, 4y %) A 0.288 Al
0.492 um, SZ 4 9 & R, 4> % A 0.388 Al
0.780 wm. =4I T ZECT R, W-F2 0 52 22
270.260 pm. XF LA Hr s SRR 0, £ 5 5 5L
5 JT D A5 110 2 TR RS 2 A0 b b 3 — B, (BT A7 A
—RETRZE. X F B T O A A 2 A
Ja P DA RN T3k R v ) s LB Ay | 1) i R 45
JIELPRN SR B B R i 5 T A5 ] 1 45
RBNF LS5 R

1.0

0.8

= -

0.4

0.2

0.60 — 1.2
(a) oLBfE (b)
g 0.55 = B E 1.0
20.50 e
F 0.8

) 0.45 >
%o.m 0.6
5035 0.4
1 0.30 0.2

0.25

5 10 15 20 0 1.5

YI%a,/pm

T8 Hin x 10™/(r-min™)

45 60 75 0 20 40 60 80 100 120
P,/ (pm-s™)

B9 REMAEKEEIILL

Fig. 9 Comparison of surface roughness
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