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Abstract

Polishing mechanism of cemented carbide using blast polishing process
Abstract

Carbide cutting tools with good heat and wear resistant characteristics are widely
used for achieving high efficiency in the machining of parts and molds. Following the
trend of the current marketplace, new CNC grinding machines are also being developed,
which enables manufacturers to produce cutting tools that are more complex and
sophisticated. Cutting tool developers are greatly attracted by this new technology,
which could ultimately improve machining performance from viewpoints other than
tool geometry. Research on surface modification technology in particular is beginning to
gain in the field of cutting tools.

The blast polishing process focused in this study is one of the surface
modification technologies. This process emits media composed of abrasive grains and
viscoelastic body to the workpiece surface at high speed. The blast polishing process
has the advantage of being able to easily polish a curve surface, which is known to be a
difficult processing. However, there is limited information that explains about this
process theoretically. Moreover, relationships individual factors and the polished surface
condition are also unclear. Hence operators running this process often are forced to
spend a great deal of time to determine the appropriate setting in order to achieve an
ideal surface condition. Therefore, this thesis clarify the polishing mechanism of
cemented carbide using the blast polishing process by investigating the relationship of
the factors related to this polishing and the polished surface condition.

To begin, the relationship between the setting value of equipment and injection
quantity, and injection speed of the polishing media were investigated. In this study;,
both factors have been successfully controlled quantitatively. Further, it has been
clarified that the deepest area was where surface roughness was the lowest value.

Regarding the relationship between injection condition and the polished surface,
it has been clarified that surface roughness was improved by increasing the injection
speed at over 21.4 m/s, and at injection angle of 45° . Further, observations over time
suggest that during the polishing process, the convex portion of the surface does not

have priority. Rather, both the concave and convex surfaces are polished.



Abstract

Lastly, the relationship between the water content (mass and viscoelasticity) of
the polishing media and surface roughness has been clarified. At the initial stage of the
polishing process, the reduction speed of surface roughness got faster by using the
polishing media with lower water content. However, the surface roughness value
showed the highest value by using the polishing media with the lowest water content at
the end of process. It was proven that by adjusting the water content of the polishing
media, the rigidity and impact force against the workpiece surface would differ, which
illustrates its effects on work hardening.

Furthermore, it has been clarified that a smooth surface finish can be achieved
easily and quickly by emitting the polishing media at injection speed 21.4 m/s or more,

at injection angle 45° , and with 30% water content.
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Table 1-1 Properties of several polishing process.
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Table1-2 Several factors which participate in the blast polishing process.
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Table 2-1 Mechanical properties and chemical composition of carbide material.

Grain size of WC Hardness Bending Strength | Composition [wt%]
[um] [HV] [GPa] wWC Co
0.8 1640 3.8 Bal. 10.0
Co wC

Fig.2-1 Micro structure of carbide material.
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Table 2-2 Mixing ratio of the polishing media.

Multi-Cone (g) 1000
Multi-Powder #3000 (Q) 30
Polishing media 10
Water content (%) 30
50
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Fig.2-5 Photo of the compression test.
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Operation panel of inverter value

Transport speed % °®

Operation pedal of injection quantity

Fig.2-6 Detail of operating device on the blast polishing machine.
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2.3.2 M EEAT—

LEE NI 2 B E T, HABLORNIERAZE CEOAT—V%
R, AT VO BLOE A Fig.2-7 (RT. A7 —VIEI#E (X F (),
A (BH (D), LT ETFEFE)ICEIE, SOICHEAMAEETHIAT —VBLW
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Fig. 2-8 1Z/”9. kb &/ RV OBEEEL, BIF ()& ()& iR+ 5L TEAR TS
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) XN DIEZFEES D LNARETHY, /ZNMRITAE LM DlgE B2 528
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L7z, Fiz, BN T eiedt 0 Lot (DL BB R 50 2) 1T TRgRIc Kk
ETRBENHLNTH -T2 3, AFE TN T RO ERICB O THLIN TR
Bt O OFEREZ 20mm ELT-. ZOfEITERCUIE] T RO LIk \W\WT, TS
INEVPNIN T2 EEAT 47 O O ITUT S, 2> O8N T 0385 11 50 DH
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Carbide substrate  Fixed stage of carbide Injection nozzle

(a) 3D image (b) Photo of fixed stage in polishing machine

Fig.2-7 3D-image and photo of fixed stage of carbide substrate.
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Fig.2-8 Positional relationship of nozzle and carbide substrate.
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251 BEEET A IAZ
WFEE AT 47 DA ~ 2L T DEROE R E R, MER DL B A BlIE T 5
FERTITEEEE T A HAZ ((BR) 7+hr 44, FASTCAM SALL) v /o, #1521
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THHMNIERHEE T A WATEREL, HGPRNAIRE L. 2k, HRREOZEE
ZE BT HEBRTILFig2-9 TRT 77 AN—HOTANTIIREN R R LD,
MR L L C 2 BOAINNTART T H W=, SRS, R0 BRITED
T, Table2-3 IR SR THRE 21T o 7.

::":m“‘&| Blast pollshlng machlne : Nozzle /% l< v
n " y /

Carbide substrate

High speed video
camera

(a) Photograph (a) Schematic diagram

Fig.2-9 The situation of an experiment using a high speed video camera.

Table 2-3 Shooting condition of high speed video camera.

Frame rate (frames/s) 50,000
Measurement of injection speed
Frame size (pixel) 512 x 208
Frame rate (frames/s) 250,000
Deformation observation
Frame size (pixel) 128 x 80
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(PTV:Particle Tracking Velocimetry) i\ 7o, AR5{EIE, @kl 7 4 BN O
Fhi2 BERICFEEL, BhiF O EAEHE *J“%)M%JJHJT FEREETHD 3D
. fRHTSIEIT Table2-4 (ST 280 THY, FEEN AT DM R, BLOT
L =LY A RS TR ZBRIE L TR 21T o7, 7038, RY TR =T (ZEDHEEA
T AT OFSHEEE R E F 153 KOS ORE FIEOFEMIIRIE TR ~D.

Table 2-4 Analysis condition of PTV software.

Analysis image number (frames) 400
Measurement of injection speed Interval of analysis image (us) 20
Scanning area (mm) 17x6
Analysis image number (frames) 400
Deformation observation Interval of analysis image (us) 4
Scanning area (mm) 3.5x2
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Fig.2-10 Schematic of scanning area on PTV software.
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Fig.2-11 Schematic of scanning area on PTV software.
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Fig.2-12 Schematic of experimental with pressure sensitive film.
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Fig.2-13 Appearance of 3D surface shape measurement device.
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Fig.2-14 Profile measurement point by using laser micro scope.
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Fig.3-1 Observation result of the polishing surface on carbide substrate by inverter

value 60Hz and polishing time 270s.
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WHEEAT 47 O ERIE RIS D8 % Table3-1 (127 AEBRTIZ,
WEEAT 47 24418 T LV E IR E SN A T —F T T 230X
DR L 2 HIEH T DB S BRSO E R IR THEICL TERZIT-72. E2,
AT — ORI B RIT TRV THIAD 2D, FERFNEF L
IZBWTA N —=ZERE R L TEREITo. Ik, RFEFRTIEEKE 30% D
BEAT A7 % .

WHEEAT 47 OBIHH LRI E R 31T D85 54 Table3-2 (2R 7. ARFEFRTIE
ARG — B [AEESE BT —H DAL N —F [l % ORI CHFEE AT 47 O
BIHRE 2~ Teds, ARFEEBRTIIEIE T 5B I IV BA B2 1T 11
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DWFEEAT 47 % T,

Table 3-1 Condition for researching the relationship operating value and real value on

injection quantity.

Pedal value for operating injection gquantity 1,3,5
Injection condition
Inverter value of Impeller (Hz) 10~60
Multi-Cone (g) 1000
Polishing media Multi-Powder #3000 (g) 30
Water content (%) 30

Table 3-2 Condition for researching the relationship operating value and real value on

injection speed.

Inverter value of impeller (Hz) 10~60
Pedal value for operating injection quantity 1
Injection condition Injection angle (deg.) 45
Width of Nozzle (mm) 5
Injection distance (mm) 20
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Table 3-3 Injection condition for researching the all polished area.

Injection speed (m/s) 59.5
Injection quantity (g/s) 36
Injection condition Injection angle (deg.) 45
Width of Nozzle (mm) 5
Injection distance (mm) 20

Multi-Cone (g) 1000
Polishing media Multi-Powder #3000 (g) 30
Water content rate (%) 30
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Fig.3-2 Relationship of inverter value and injection quantity in each pedal value for

operating injection quantity; (a) Pedal value: 1, (b)Pedal value:3, (c)Pedal value:5.
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Fig.3-3 Relationship of inverter value and injection speed.
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Fig.3-4 Observation result of the polishing surface on a big carbide substrate by

injection speed 59.5m/s and polishing time 270s.
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Fig.3-5 Measurement result of surface profile and surface roughness on polishing
surface by injection speed 59.5m/s and polishing time 270s; (a) observation
result of all polishing surface, (b) measurement result of the direct direction, (c)
measurement result of horizontal direction, (d) surface roughness on horizontal

direction.
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Table 4-1 Injection condition for researching the relationship of polishing time and

surface roughness in several injection speeds.

Injection speed (m/s) 12.3~59.5
Polishing time (s) 0~510
Injection quantity (g/s) 36
Injection condition
Injection angle (deg.) 45
Width of Nozzle (mm) 5
Injection distance (mm) 20
Multi-Cone (g) 1000

Polishing media Multi-Powder #3000 (g) 30
Water content (%) 30
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Fig.4-1 Relationship of polishing time and surface roughness at each average

injection speed.
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Fig.4-2 SEM images of the carbide surface after polished with injection speed 31.5m/s and

59.5m/s.
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Fig.4-3 Profile shape of the polished surface in each injection speed.
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Fig.4-5 Relationship of the abrasive grain size and the surface shape before polishing.
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Fig.4-6 Schematic of when the polishing media collides with the carbide surface.
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Fig.5-1 Positional relationship between the fixed stage and the nozzle at the time of

changing the injection angle.

Table 5-1 Injection condition for researching the relationship of polishing time and

surface roughness in several injection angles.

Injection speed (m/s) 59.5
Polishing time (s) 0~270
Injection quantity (g/s) 36
Injection condition
Injection angle (deg.) 15, 45, 75, 90
Width of Nozzle (mm) 5
Injection distance (mm) 20
Multi-Cone (g) 1000
Polishing media Multi-Powder #3000 (g) 30
Water content (%) 30
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Fig.5-2 Relationship of polishing time and surface roughness at each injection angle.
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Fig.5-3 Profile shape of the polished surface in each injection angle.
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Table 6-1 Injection condition for researching the relationship of polishing time and

surface roughness in several water content rate.

Injection speed (m/s) 59.5
Polishing time (s) 0~510
Injection quantity (g/s) 36
Injection condition

Injection angle (deg.) 45
Width of Nozzle (mm) 5
Injection distance (mm) 20

Multi-Cone (g) 1000
Multi-Powder #3000 (g) 30
Polishing media 10
Water content (%) 30
50

Table 6-2 Injection condition for researching the effect of water content rate in the

polishing media in the same Kinetic energy.

Kinetic energy (J) 0.8x10°
Polishing time (s) 0~1560
Injection
10 55.8
condition
Water content (%) Injection speed (m/s) 30 48.7
50 41.0
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Fig.6-1 Comparison of the weight of polishing media in each water content.
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Fig.6-2 Relationship of inverter value and injection speed in each water content.
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Fig.6-3 Comparison of Kinetic energy in each water content.
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Fig.6-4 Relationship of polishing time and surface roughness in each water content.
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Fig.6-5 Observation result of polished surface in each water content rate.
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Fig.6-6 Relationship of polishing time and surface roughness in each water content rate

with same Kinetic energy condition.
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Fig.6-7 Observation result of polished surface in each water content with same Kinetic

energy condition.
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Fig.7-1 Relationship of polishing time and hardness in each injection speed.
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Fig.7-2 Relationship of polishing time and surface roughness until 1560s.
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Fig.7-3 Comparison of elastic property in each water content.
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Fig.7-4 Schematic of amount bite in each water content.
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Fig.7-5 Deformation observation of polishing media in each water content.
(Partl : Water content 10%)
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Fig.7-5 Deformation observation of polishing media in each water content.
(Part2 : Water content 30% and 50%)
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Fig.7-6 Comparison of impact force in each water content.
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Fig.7-7 Comparison of coloring image in each water content.

62



TR T IAMINEIE L OB A GO R TR 0B %

7.3.3 BKEIIN L OIS F 7 52

AMFFE T RN B KB EEAT ¢ 7 (T BE N LRI A D BE VA i T &%
RIS ZEFEON 2, ZOMPIIEAT 47 OEKRIKGFTHEEZ NS, LA
27T, % 6 EOERTITEZAKE 10%OHHEREL D b m<go> Tl En TS,
DT AL L T G KRS L 0B I T 2 B R L o97<720, ARG
% ORI T HELRMIS OB L JIF LI EHER L. 22T, &
BIKBGEAITB T DU EE R &N T e SO AR A ~7=. #5R% Fig.7-8 I~ 7.
BAEY, I LHEOBESIEN T IO E KREIFIZIB D TOUTERTLY m<roTz. £z,
S22 TOPFERRIZIBWTEKRE 10% O EME R R KERD, IRWT
30%, 50%DIE TR e o7z, Fiz, EKE 10%ONN T iE S OHER L6 S E B 4G
RE D EE IR ] 15608 £ CLELIHER 2RIz, ZHOREREY, 7.2.1 LRIERIZT
AN BE A B A A OBFEE I TAZ# A U754, I L3 T8 E T 528
D GNEIe STz, 2L T, MBS THICE T E KREMS OGNS, T
EALITIZRTE TR AR EAT A T IR E N R FEL TCWbHEB R 6ND. 12751,
BRSO REEERTHEE KR 10%DES TSR, L2 T, EAR
10% CIIAFBERAD R A 2 1), TR 23 UIC<L, B8 O TSI
IR0 To B 2 B, M THEROMEE 7.3.1 TRUZBRKRIZFR ), £ LT 7.3.2 T/RL
TN TN X A5 ) OERNS, MOE KBS LVIRRL N EIA BT WO EREE
WAEUTZEB 2 BND. £z, M LHESOHERNS, KR 10%DHEAT 7 % H
WZBIZAE T AR EEEL, BFEERGRE 1560s £ CRESICREZ METIFE DL ITA
CCWedoT=tE 2 bn5.

63



BT TITAMIBEIEC LA A O EEAE BT 55 52

Kinetic energy: 0.8 X 10-3]
Water content (Injection speed)
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Fig.7-8 Relationship of polishing time and hardness in each water content with same

Kinetic energy.
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Fig.7-9 Schematic of relationship between grinding length and amount bites in each

water content with same kinetic energy.
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Fig.7-10 SEM images of polished surface in each water content with same

Kinetic energy.
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