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Development and Evaluation of Ultra High-Speed Tapping Machine

Sun Ho Kim*, Dong Hoon Kim‘, Sun Min Kim", Don Jin Leem, Sun Kyu Lee",
Jung Hwan Ahn""", Sang Gyu Lee

ABSTRACT

Tapping is a machining process that makes a female screw on parts to be assembly together. Recently, as the
number of small and compact products increases the radius of tap as small as 1 mm is not unusual and more
accurate tapping is needed. In complying with those needs, some high-speed tapping machines with synchronizing
function have been developed. This paper describes the development of an ultra high-speed tapping machine up to
10,000rpm. The key factors in the tapping speed are the acceleration/deceleration and the synchronizing errors
between spindle motor and feed motor. To minimize the acceleration/deceleration time, a low inertia spindle with
a synchronous built-in servo motor was developed. To minimize the synchronizing errors, the tapping cycle
algorithm was optimized on an open architecture CNC. The developed tapping machine has the
acceleration/deceleration time of 0.13sec/10,000rpm for rigid tapping and the synchronizing error below 4.4%. The
cycle time for tapping a female screw of M3 and depth 2 times diameter was 0.55sec.

Key words : Ultra high-speed tapping machine(Z 227838 »] 4l), Acceleration/deceleration(7}/74;), Synchroni-
zing(57) 3D, Synchronizing error(E7] 2.3}), Open architecture CNC(71*}8 CNC)
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Fig. 1 Spindle structures for tapping machine
(a) Belt drive type, (b) Direct drive type, (c)

Built-In type
o A5e WA Yok zasold EA PP
ERETY TAL ¢ Y= ANEES Ivla 7

&g Fol7] fsiA = Fig. 109 2ol 5714
HEQl EF%E A aste FHo BHHE EF9
th §71A AAsey] fede eE HEE
HE ol&3) B AlojF L HH3 At
AxE A Hund QB1LEES 7FE3 7e

o

& 24 nA Sk,

=

4

=
=

2. EiHe| 3F 54

oift
A
o

B
o b

o
fﬁg—to‘g
OH'_QE.
R 2
o=

b
o3
pt 2 >

o)

N

i oX

flo
1o
N
J{Nl
s
K
Jf
[o]
HU

Ky}

i)
R

A AL &

w0l “51*43}‘?3}‘1

A71A] @3 A

gt} o g. 2¢) VERRIT 1%“1]"1 T
Zqilxq(Forward)ﬁ}T‘? T b,
o2 Yo 59 T
779 FAAVF Aok 221 AEFoE 9
3} M (Backward)S 93 FAE sHAHY g3AL
A3 A LT ZE Ao E St |k 19
of RojXZo] B Alo]F & WEHAFY] HdAE

= 1_
AEESG FEATS 2

sokdts AL
ek,

rlr ftj
)

S
g,

R b
. i

L 2 —E
i
T
o X
A
el
® ox
—{O‘I
2

i

=

N
T



8-

ol AHALFEH A A 19F ANE

2.1 &) 7zt §M

BBFRoNA BBl E HY Ale] R4
AXREG. R ggides FF 9 1.5~2.00
9l Zlol2 " Fuk YAl AFuE 7 A
dE s, F5Y JHAEEE v 283 JFEANDTE ¢

2 3 7heAEE A (1) 2ol X8 7HEsith

1
Sz‘é'vt (1)

4 WA ot 93sdn gom BT .
£ SAEE ol wAsA gk old e #AS
Fig. 300 ehiigich, Jgele A Ash 94 BE
AEAY s2 G 2helA Holko] 1
B3 o%7] AL ARFEEE n&F o}
e Ae & 4 Aok

22 F%.0l852 57 &Y

BEelN ATGASEE AvE ARF)
Sk Srledelch BAAQ BEol ofRolx]
7 AAAE Fol & v FASE F HE3
JAbY @) SIARE ARE B Solob .
g o wEn ve 3490} G5 aena

@ 0 HAg weie A Jale] 91w
% wA Ustol @k olg fleldE we A

71E £33 olFFo] A&3| FIE o] Folok gt

AA7F FEHRH, FF, 710 5§ LdE FF
o #YHolty, Friexte w4 Fig.
4@°l JERASITE Fig. 4yt BFH4 oA
E71 A7 AT w P DA i ALS
vebd Aojr} o] AsjdatiA AaE s
o7bz FAAME Wl AR g AW
A3AAolE BEeart BE Ao YA g
3t7] W&o #=d E2 A7t AEEo] He g&
Aol A}, oj2f ¥ HAEE L By &t H
gold PAF e ik Hol Fok® usk BB
o]lF7] e T7|eAE Higsor e

Ag ¢+ 9o

it

3. B g Llol MEEt F5 4y

223

spindie velocily

| =

ehwell
I =3
Po| ™. P, Py P

) backward
& Teed velocity

cycle time of tapping

Fig. 2 Tapping cycle for time variant

»
»

spindle velocity

time

Fig. 3 Relation between time and spindle speed

HAGAE Sol AHEHE AEFEHE g
AP NG FHE nE AYFY 2HS 9@ 7}
AEAT BE 2 5700 FRE 4
Eolu, o]% A% BH % dolgay, AN4E
HE o] $HHoR nAT obge) WAEH
2 9% B9 F9 Aol st WA A
o]Fe1 % Qolof Hme n&PATIEO] A%
# AEFFYEAN FAO aTdE N4 5
3 7hn,

AL WP DG FHe e e 7
2 54¢ Ko,

A, FENPY BUIRHE Agdel 73
g Alel2e] n&8E wAdsT HAR
FTANL F7REE ¥EI1Y

o
N
=
b
k)
)
=
j}in‘
ki



Lo -

ATH -

ol =AY FTEEA A9 Al1Z

———

>
—>

ty spindle velocity

<

Synchronizing error

feed veloci

(a)

®)

Fig. 4 Synchronizing error
(a) Concept for synchronizing error,
(b) Breakage of screw cutter by
synchronizing error

60% 7tA] =& EQAE A& 4 glon, oF 50%
9. 7}—'—*]711(ramp-up time) @&, FE5E A
&, & vad o AA dde] A B
& E3& Yehag O ek, 14 933HL 9
3 MRS 9, BrIea 4 € FEAE
8204 2= Frlea & JASL n5IA

FE A3l A8 5 I E SVIREHE Al
%5}‘4 £3), 598%9 159 = 2E Fol
s SdAe] Add 54 n&IHA e gl
3 2 o o9 3 (thermally induced preload change)
g Hi3ste AHS Y ANLE 59 7
£, 0.13sece] Alztoll AAVEfl A 10,000pm7HA]
ta&e 4% 5 AUtk

4, AP HAE 58 dadgo] 3%
AT A REE AU 53], FF5 9ojF
o oA AXy oty T F 2=z B
717E LS oy, B dAFdME +271 3¢
gl 22 AHE 9E F Je 22 oL
HAE AL E EUYg 9IS S5t
£3)4& 7HsshA st

s, T d@Ae] o7 AAE, ALSS
g8 g 59 AL 7MFFE R -’1"—%93

Kl

l

=2

2 to

LB

224

——

487

(]S]RjN]E}
MJ

N, ' il
1 nnamn Lq

2140

tMotor Pewer Consumption[W]

x 10
T T T
| SR SR [ 30000 pm
o i .
= : ;
g 2o
&
2
= 1pe---
] |
o v
T H
0 . L H H ) : |
0 50 100 150 200 250 300 380
Time [sec]

Fig. 6 Power consumption and temperature vari
at-ion for spindle

#Hojg T2 ZIARFd A
T Aok wEkA,
(step-sleeve) 7178 Z &3}l
AX HAgre] FHILAE
TZEDANAN FRIAES é"é
Ao 2N ERYE HAgstd 1P L@
273383t 30,000pm A A, FHIG o

i Bk

AR 59l 4



- O] ER - o)A - AFH - o)A - FFAHEFEEA AW Az

Aol AFS 1.0pmPPOl3IE SAHHUT. =
g, AT TFYT A ASIANTFE A L3
o 75dBo|3te] ALSS A3

Fig. 5€ /L€ H39AE 24559 NI
Z Jehdie, Alge E vlold S Agstd Ha
30,000rpm(dnn 1807, dn 1357H¢] m£3AS &
At A71A, dand WolH e FEAS A
49 Folv, dne WojF Y AT A5 5&
ofn g}, olwf, e U-ojjo] FEYAE MY
o, H2xFF $E€2DE WE3Y AHAERE A
&3] oy dgd e AR FE9 17
AHREFE 45700pmZE  30,000pm7HR] 2] &A
oA AP E FR ST Tl 3 (Free-run)
AP % FEALAEE 02NmZE ol &
Bl 54¢] £8E XA olth Fig. 62 TF9 3
ALY F 53E Aol ol Aoy 32z
F FFLEE 5, C, 2949 &84 FLe
kgdem’ 0.2 MG ow, Holy 2= A&
o dHUE MR8t AUt Y 2HF
e s A48 F FF0 AT A9asE
BUE Pt

4. EiE AloI2 HY Z2OW W

g oAl CNCe F5F o|FF9] F7]49
E A% Aol E 715 L et dRE9 HEed
o HeHE HH4E ONCY A, ARy 9=
sholl AW YE Alo)F 715E ATy HE
1A AAAY dERE ZIAZS Aojsrde B
2 FAE 714 HHE ONCYE Ze ol e B
Ae FE3] A8 B A= AW ONC
(SIEMENS 840D)Z &3t} A&¢ /I3 CNC
o} FZE Fig. 79 JYepAA st=dele PC =
g9l #Hed AFEE e FAARE d=
+Z 957} HEHAY. FA ZRaHY] FAAL
MMC(Man Machine Communication) 103% ©]-& 3l
o, ol= NC AEZ3 PCEL 443t: vES
o] 9&¢& siA €

71245 A2y HF 89 Alel2e] T
%2 otgol YAt F& oJEFME &
T 2= Aloj(Velocity mode control)& T o™
BB AN E & EX A o](Position mode
control)E FAFTE ol AlolEF TR A
SPOSE BEE sl 8 Yeld AolH,

225

1BM Compatible

| L

Fig. 7 Structure of open architecture CNC

[ cNC PLC |

G331, G332= 7t "B e FHEH I
Yebd Zojth & dAFellA A& Aoy
5& F5F0] obd shitel MEFOo=2 Aoj7t 7hs
3 AL /AT ol e Y Fd g FE3
o|lF%9 TII2AE WA A 5% olHE
A7t 7he .

=
=
=
T
=

S=SST

SPOS=DC(POSS)

BRISK

G331 AX[ZZ]=DP IP[ZZ]=PP S=SST

G4 F=DTB

G332 AX[ZZ]-RFP+HH! IP[ZZ]=PP S=SSTI
SOFT

GO G64 AX[ZZ]=RTP S=HH3 M=SDAC
MM2:MSG("")

5. A8 % 9o dxn

Add g ore e grisy) g 49
o] =35t} AeE nLefFo go] AHEEHE
20560 AF)ol AHEHAL FL 1 IR
U= H(0SG HS-AL-SFT)o] AM&-E Rith

Mo AAo] 3mmg! M3o AHEEHILH o]
= A A9 Fu] ZHo|Z J}Fo] o]FolHTh M3 X
Z YALe) 9 X7F 0.5mm, B¥Fe] ZAo|B3mm) 2
gu A Fol2mm)E BUEHE UARFe] 2270
DE A= ZAA AYo| F=PHUL.

Fig. 82 1% €FolA F53 o|¢F ZH
&% thololni#E YEhd Zoln. AsE HEY
AZFAE FA g3 NC Ado] Ao s Y3 &
Hate d=y A5 E AHHYEI AT



BAZE - AFE - AN - o] EZ - AT - AFH - o) FEAELTHIA A19E ANz
agex ool i Alo]EE HZA3ety] 9 0.145mm 7} AQAA FFLHE F713 A7
& 5T AAYSH, 9,450rpmell A 7Ho] < & T Ut ol BAsE A FU1AE H
HHEe & 5 Utk AHeE FHY MASEE %*]X-Véf’ﬂ/‘i o 0.022mmE WERHaL it o=
0.13sec/10,000rpm°]‘11 9,450rpm77}?<14 7} Al 7bo] X7} 0.5mme A-E AU H 4.4%0) siFH
0.128sec7t 28 HASS & & Aok od, 252 oa & g 2, A $rle vt Bt
4,500mm/sec2 FFHE ¢ —’F Jot. HALFS € AAE tdgol T 8] W, AA
vpt 7] g FXIAIZEE 0.07secE A7k 7HE 3 o] o] GIL == Er|ox:= AA T
o MEE o3kt FAAY BE o 0dsecrt  AAEAXAA BAsHEY ol 3% oI5t Aok,
28259c}. Fig. 102 10,000rpm B8 ©hH-& bl Ao
o IS THACAE 7HEE AR 27 gl
- 7b 80% oI W 15 AR S olel 7]
ot | T AW ALE BB o8 wson
oo bt A3 s 139 AR B 9
- 4000 q_
2000 .. : -
o E A SdelA Brts) 2Y, A%l 3mmel
mof M3 e AT AR B Yolz UAle wE
o 7 fsA METE A FH AANA L 2.4
5000 Z AE7F 285 oy e VAE o] &8 A
. 1000 ¥ 05527} Aﬁﬂt} l—t— 3*“* FRAME ¥
0.00 025 0.50 075 1.00 1.25 1.50
Time(sec)
Fig. 8 Diagram between spindle speed and feeding
motor for M3 and depth 2 times diameter
tapping
s spindlebeg) | 1"
96 Feed Z Axis{rmm)
Sync Error(ram) 0.10
soF —
oos _E
g ° oo Zo  Fig. 10 Cross section for machined female screw
g P for 10,000rpm tapping
“ -0.10
-80
Br s 1015 6. é%
0.00 0.125 0.;0 0.;5 14:)0 1.‘25 1.;0
et 2 Q7oA E e s wst §73 7
Fig. 9 Diagram of synchronizing error for M3 and ks %__ﬂ E3& F’H%“ﬂ/‘\l_% Mt o] g
depth 2 times diameter tapping 7tz ok MRS EE HAagE] fdede
714 dEQ] ZHE A& AW F5E A2
2 e 7122k H 43 s Yaldes AwE A
Fig 9t 2% 4394 #3305 meyg  J2H ST AL e Y 2
5 . EECE o83l =Y Aol & HAzuA 3§
FT2A R 71ear gololagE vkl Fo
~ o oolgd AT7E B3 o 2 HBE I
o 2852 o 110EHA] 33 _OJM AT
% & glov olu 57lo%g Zol7l A 22w

226



T - ol - AFALTEEA Ai9F A

Agd A FE5L 0.135ec/10,000pm ] 717
&£EAS 7HAY, I 30,000pm A THS

el B oAl S o]-83) M3x0.5, Hol 2D 7]
& == 3%, A1 9,450pm7tHA]

=71 Eg o] o]FolATH Ho|rt HolALE F

ZNHPEEE £ & Uk

3718 HA LuzlE AeE 5 571248

44%NE HA8E 4+ YA

Jhetel Bl g AE o] &3 JHFHIL A, IS 1

o #Fste FEY AR TE F dRe

W, A Edd s M3%0.5, Ze] 2D 7|FL

2 0.55sec] Bl Alo]Eg @A

HoEH

A, o)A, W, ¢HEE ot &, 1
g3 A dA7|< AL 2000-1-MP-02-B, I}

XN
2
4o
[\o4
<
=

, AAE, A", AAE, bFE, b
neg n&ed Ea 2RI S
512, 18, A11ZE, pp. 67-73, 2001.
FAE, g gl JlojA ®e I
AAEA B4 d=ATEeE A, Ai3d
A8E, pp.139-145, 1996.

. Zhang, D. Y. and Chen, D. C. "Relief-face
friction in vibration tapping," Int. J. Sci. Vol. 40,
No. 12, pp. 1209-1222, 1998

. Futami, S. and Nakamura, H., "High-speed
precision numerically controlled tapping using
dual predictive control,” AMC2000-Nagoya, pp.
396-400, 2000.

. Agapiou, J. S., "Evaluation of the effect of high
speed machining on tapping,” J. of Eng. for Ind,,
Vol. 116, pp. 457-462, 1994,

. Liu, T. I. and Ko, E. J., "Diagnosis of tapping
operations using an A.L approach," Proceedings of
the 1991 IEEE Intl conf. Robotics and
Automation, pp. 1556-1561, 1991.

CAdEg o, Y g Y BRE A A
2, pp. 200-245, 1996.

)

(21 o rin

£oBe ool iE O o ay &Y
oX,

227



