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The friction force is controlled by developing technology creating small

textures on the surface at a few to a few hundred micrometer intervals. If friction force 1s reduced
by applying this technology to large area sliding surfaces, the machining effect is drastically
improved. In this study, knurling is focused on creating texture. Machining technology is developed
to create wear-resistant texture on large area sliding surfaces with high precision and efficiency
using ultrasonic vibration during knurling. The effect of ultrasonic vibration on creating texture
using knurling is examined. In the experiment of making a groove on the surface with an indenter
using a 2-dimensional table, pressing force and friction force are reduced using ultrasonic
vibration. In the experiment of creating latticed texture on the surface, deeper and clearer marks
are formed using ultrasonic vibration. The texture is created precisely and efficiently using
ultrasonic vibration.



X C—19,. F—19—1. Z—19 (58)

1. WHEBHARS MO 5

WA A~E pm~2 T pm FREO T 7 2 F v (BN 2Rl 5 2 & TEERIEN T
D, THEMIZEREOTE M, TR & o 7o R PESERR D L O B (20 L TR L &
EERTE T, £ OMBARITRBIICH BT 5. ZOFRBITIE, REHEO L O B, mE
FEMEDS i OG22 A L 2 D @ RE R ICIN L REZR BT N SR S 5 28, BEAFHAN T3 M
(2R D DRI O TEIFIZFAE LW ORBURTH 5. — 77, BEREE N Z < oM
TIESH S, WERRIS ORI L EOM S OBRER EORNH L Z L RmmbnT
W5,

2. WEDOHD

ARAFGETIEBEFIN TIEOH T H I TREZ A E <, THEEFEME A B OO MY & Bl pk AT RE 72 855
n—Ll vy MITIZAE R Uiz, BEFOMN TIE TR E MRV, 28 um IR ORGS0 T
NREETH LR EORBERNDHD. ZOXH7Rt2EBELT, BEe—Ly MITE@BEKE
BETHZ LT, M TERORMBE R AT L, Kiaifgo L 5 Bjifi~7 7 A F v & Ak fl6E
72N TEAT TMUK(Micro Ultrasonic Knurling)] #BH%34 252 &2 HME L7z, X 112 MUK @
W& 2T,

3. WDk

PERDIFIENTIBNT, BRI O & L CEE 13T « 70 CRER, TMAERE) BEN
DT, TNHDOWIREAERTDHZ LICE- T, ELETFEOAEERF Lz, £3, BEK
RENVZ AN S EA 2 AN THEEZ T T2 ERIC K-> T, BERIRSINHA & B
ET AL L ONEOTIRIZ AT T B O W TRE Lz, RIS, BEREBZ N 20867 7 A
F¥DH5HTEEMMTEERICE T, BEWRIEENT 7 2AF Y iEICRIFTHEBICHONT
Bt L7z,

4. WFFEE SR
4. 1 HoMTLT
4. 1. 1 FEBFE

TV a N RGBSR IRE) - OIRE 2 2R L <Lk
WARTET D72 OB T DA — 0 k5 L7, IREV7i2n
ZH NS DRI A IS Z 22 HIEE ' o CHllE Lz
JERBONE RS, BYEL TR — 0¥ — 7 OIREEIT
31.5kHz TH-7~.

BELIEA— v E2HAWTEBERIESZ M 2R 551
\Z &> THEIREICEZ T 2K Z Lo, SRR E A X Feed direction
20RY. BB E 2@k T —7 v BICAR L P TEE L, o
BB MR O & T, BRI Eh S D
Z & K J: D Vc{ﬁ%jﬂ]l Lf: H—‘:%&id\“’_‘ V@f’ﬁﬁﬁ%ﬁlﬁﬁ' Flgl Micro Ultrasonic Knurling
O, AR F S R IEE A I 2 7. MR
3 WITEN IR BT DA, T & R A2 E LT
RET HEDW I 2 EZ TERE L. R
4. 1. 2 EBER B ok ok ok ol

X 3(a)B L OMICENZNIEDOERS & 30um B L 50 ; I
um (CEEE Lis & & ORI ) & B 2R, ARSI LNy 7
1, HRNEBANAFT. ETORMNRE LIEsIcE f TN
L7=8IHRE (70 28 0 A2017) ARSI E) S5 7-. 71 ‘
OB IES A 2T L, 2z bk T
B 30s FRITHEFTIRIEE 2 N2 72, W HOKNG, BEF
WHREY 2 N 2 bk D 5 & Ff T3 L OVEER 1 A3 LT
L. ZOZ LD, MERRENIIR ) & B AR
LIMENDHDEEZOND.

K 3R LIRS DAMC bR E 2R E L, R et
NBIOEEN 2RO D L ENENK 4)FB LVDO)D L D
(272, BERIESZMZANLNT T L, B X
VEBENPMEREIND Z ENALNTHD.

Wz, BEREESZHWEGA LAV WEEO IS
DHDERIZOWTHFTT B 72012, BERIESZ N2 7
N OMTL LUTGA O EMA T T L 5E okt -
T EFRE LIRS ORER A X 5()ic, EEIIOZ X Fig.2 Experimental setup

Pressing force

4



Pressing force
— Friction
; — 20
— 10 =
: m EN e =1
=35 o
@ =
S s 9
s ¢ s
22 -0
4 50 % = 0 20 40 60
Time [s] Time [s]
(2)30pm (b) 50um
Fig.3 Pressing force and friction force
20 i I 16 T |
—&—Without vibration / —&— Without vibration
16 = —m—with vibration 7 1 p 3
z z ~8— With vibration /
g 12 g
= £ g
£ P £
173 2]
£ el £, /
Nzl A
0-—r/ o-—Jﬁ:
0 20 40 60 80 0 20 40 60 80
Target depth (mm) Target depth (um)
(a) Pressing force (b) Friction force

Fig.4 Pressing force and friction force to target depth of groove
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Fig.5 Ratio of pressing force and friction force for the case with vibration to those without vibration
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Fig.6 Measuring depth of groove
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Fig.10 Texture formed on C1100P
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