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The design and evaluation of automatic balancing
equipment for the grinding machine

Hong-Suk Jang*, Dae-Bong Choi***, Joo-Ho Hwang**#*, and Jun-Hee Hong**
(x Zdd e, kxS, **xxFI7)| A AT Y)

ABSTRACT

The balance of high speed spindle system with
high precision rotation like grinding machine is
very important. Traditionally, we use trial and error
method to balance the spindle. It takes much time.
So we are developing the automatic balancing
equipment being used in the grinding machine. The
balancing head we develop is wireless. It will be
used high-speed grinding machine. We use
influence coefficient method to control the
automatic balancer. Experiments are based on
automatic and manual balancing. We perform test
of the vibration filter. It helps to remove noise. The
filter and experiments with automatic balancing
controller show that automatic balancing control
can be successfully achieved with the quick
response and good stability characteristics.

Key Words : Unbalance mass (5@ & %), influence
coefficient(%d 3 A 4),Manual
balancing( 5 '8 ®1 4 )Automatic
balancing(AH5 2 #H4)
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Fig1l The schematic diagram of Automatic

balancing equipment

Fig.2 The picture of experiment

el Ag AANE WE, ZFF9 g3 FANUC
25/15000 229 AC EHo| o5 FFo) "rh
Figl& 7/12d APAXNE 5 47 FAd #
’—* 3 1Ptk AR fo FHem Nz E F
T Jde F47 2 FA717 Qxlcﬂé = o
, = urekal wbA uhgke] WY E

AA7E 1A% APz, AR
run-out L& ZAr] A TEHNA F WY
ANE At £23 44 FX 752
2L A4y AAE FASFA | AL A4 82
2 AFRE Rolr] wFo Ayl A P
F22 AZYg =23 FHE 7oz vF
3 125mmol 0= 4oz ad¥#Hx FE F

AEE A el YA FHE TEIC 7]

do 0 %
ki o

2

4> o fo

310

B AYozx AF EF =4 g o o
Zo) Trial mass® 231 A& A} ol FF
EFy Fo| EA3tn e AHAA AT €™
A AT A FE24A AFE A & F
A7t WA @7] YA ot o] A
2ol F£9 2x HIE FA}Y] AdM AR
EZ £9 7 REA HAXE A Fo WstE
A3t

E g2 43 "He add Agcid, U
¥ 129 Analog ¥ Digitalxlg]l F2o dA A
oA, A8 Foll AFHe Fe] EolL
A Sded, old AT WA FXAA e
ojAto] el Holwd], ol Usf AL HH
o A8L F3to oW EAAAE sty
3 "Eelo A¥=E &4 Y3

ot

o
S

4>

=

Nl

e

;)L

3. A% A" AA 44

31 719% AA

Rotary Transformer2A AH & ALitd 95
Abg3te] WEARE AZAIA A dol 2y
. 4 39 Weight massZlAE Yo W
FARE A7l A3 dxd JZE BEx AA B
EHE TEI Figb6ellAl B9 balancer weight

Rotor r—-———-l’( Stator

Receiver Sender

Fig.4 The structure of Receiver



3.2 4834 FA9 +354Y

2% WaA AN Aoz WAL HRE
Aol old FFOF adapter® 153
S YFd HAZE Fd M BAE A& 3
.

321 AF 93 34

o] Wiy UL Fx 2 FAHUAE Y4HES 9
F9, FiglolA By $£24717 ol s
A=, FA17]Receiver) = F 712l ol
A9 WAE dAAN FolEr . o] £o] 3
AspAA AWMH A~ Fo] Qe X9 drdH
AAEA Hz, T2 HYal o & 7R A
g3 gAe 77‘%711 "o 3 HYel Edew
AXE FAHAE, dristn gf "HHES 7dd
t}.
3.2.2 Manual 984 W4
xp = vyexp(fdy) = auy (1)
x=vexp(p) = au= a(uy+ u,) (2)
At QAN e E TR
a= X% (3)
U
X Ut

=Ty T Tx—x

(4)
uc__uoz_ﬁ _ U —mcrew‘)

a Xo— X

5)

uczute(f¢+d)+ute(f¢“a) (6)

o] W& Automatic(AE) WHAY W] WA
ol AAHY Hop ETY o] 2A HH
A4 Ho BAg Hzlo o3 AAE 3t @A
o2 gy dyAe] Iy FoM @rAL FF
Aeg ol 43 Wyt A& ojHatis Z+&
7HAln BAZE JAAFIEY ole FFE FY
Aol FH AR BAHA FAE F
EAZIE, W ZEZEAA BEXY #FE& T
A gk o] ¥l o8] WA HAXF 23

=
Jerdo, o AR ol5% ¥, 4 A A

31

o st AF Fo] Yeow
=3
3.3 Analog 2 Digital A% A=y

Aes "7 4

P’st LPF |==3 Amp. == { Tracking Filter | = 2°nd LPF
. Changing of
Gain Select filter frequencLI
Power Pulse
+ Digital output generator
Contorl Balancing
Signal | controller Main | A/D
Unit D
Sender - | Receiver 2 weight
+
i balancer
Rotation detector

Fig.5 The algorithm of system process

3.3.1 Analog A% A &%

AFANEE HAEsle dAMde 71E5x 4
Alg g AFAE HER
24 Low pass filter®, ’di—"é %
Z5, Ao Wzt E}E}
Tk Wi HHd4E AEsA A
(Band Pass Filter) 989 F4
b st e g A
(Clock SignahE&X4 32

Mg
Op Amp
}.

rr B

l

o]

&4

ln (23
£ ol
>
fot
lo

15
>
gy >

HAFd FF AF ANFT H53IE Tracking
filter ¥4 FEA4EL AAF7 A% ""H Op
ampE Al83<9 22 Low pass filter2 TFAH
.
3.3.2 Digital A% AR

Filter M2¥ 8 FIFNEE HAd ARY
2 Qbit 2359 Analog to digital® g7 A=
A/DHEE 3T HE 23 Keydd, ¥4
4 2d 29, 49N g8 NEEY, 237 AH
EAE 93 958 TEQ In/Outputd B #H o] &
Tracking filterol & 33+ 53443 RPM.
74¢ES 7] 8] Timer/Counter7t 8.3},

) =]
T
o
=



AFFEA, 3PS, A FE FAANFE
Zdol® 9" AFAZ, 374 Referencesl
2 Ud A Weight massE A5 94X
o] %3} Computer Processing%7} vt

> tx

-3
=z

5. 48498 ¢ =&

51 €44

A Fa5 £ /1F22 39 Z RPME=R
A8 P&Frt Input AEE 23 FAAA Y
el A3 7ro] MF10(Tracking Filter)& %3}
71 984 Clock Pulse® A3Z FA "o 2zt
RPM.E 2 3% 3dFHAsFE 71 Sinedt,
NoiseE #Aste AN Furo Sineds ¢
g3lge d, FA Fad HIEHE SineBE
g olth, dE &£3& o2 velhud offet
2t 9714 foe 24 RPM.Ol wel dHEoh 49

o € 4000rpmell th¥ 3WF ol o) 4P

3 B4
<fgHAE>

W) = sin(@afyt) + 3sin @nfd) + noise(3V)
<EHAd3E>

WO=sin@afyt+ o)

29 2ol YANEI} 1000Hze] B FHeolA
S QAT ARE GeAAD, AW FReud @
& 234 dgaAE Q4@ A YA L3k
. o124 AFze] s Aokt F2E AAA
Holgled, F&o] FAVA Zgo) HAL
= AFH 2o aFge o] A

Input signal
- -= £=1000Hz
L

Filtered signal

50 100 150 200 250 300 350 400 450 500

Voltage(v)
)

Input signal
f=30Hz

100 150 200 250 300 350 400 450 500
time (ms)

-4
0o 50

Fig.6. The comparison of filtered signals

312

5.2 Rpm.o] B 3 AAx HrH(iL)

P A ]

P T N A Y

2000rpm (10.47 ) (foreign)

&

oo S kR Ry oy

3000rpm(11.70m) (foreign)

270

4000rpm(13.97m)(foreign)

F S S

n oo

2000rpm(12.96zm)(korea)

3000rpm(13.47um)(korea)

4000rpm(13.89um)(korea)

Fig.7 The comparison of roundness for rpm



53 AFAAA FAF -vFAFA &5, F WY
40
e
K 30‘
5
™
$ 20
5
[t
10 T v v Y
0 20 40 60 80 100
time(min)
201
T 15
2]
[ o
g 19 =8
8
L 51
@ [T
(] 0 r . . r |
0 20 40 60 80 100
time(min)
40
o
5 30 [ ]
3
5 20,
£
(7}
[t
10 - v v v
20 40 60 80 100
time(min)
20
3
=
o
(7]
£
@
[§]
R
Q. —— B(Auto balancing off)
R
0 o , , . .
o] 20 40 60 80 100
time(min)
Fig.8 The comparison of displacement of
temperature

313

54 2x¥std @ F wua)
50
1000rpm —m— Foreign
40} Korea
30r
20p
£ 10}
3 W
= 0 . . N
GE, 0 20 40 60 80 100
8 time (min)
8 50
3 —i— Foreign
17
O 4of 2000rpm Korea
30p
20F
10
o
0 20 40 60 80 100
time (min)
50
3000rpm —— Foreign
40% Korea
30r
-—
20} f.,-/""
= «
= 10p
"E 0 i s i i
g o 20 40 60 80 100
] time (min)
50
(1] .
S 4000rpm ®- Foreign
2 a0} — Korea
(=]
30
20p
10
o
o] 20 40 60 80 100
time (min)

Fig9 The comparison of axial displacement
for RPM.

55 Ad4d¥ 2 a@
Fig.62 f=1000HzQl =o}Z¢} f=30HzQ xo]l=7}
Eojz+2 W), Input signal 3 JElg @ W37 9
XA E HAFE agezZN, A WA 2
Ae gAg, F WA 2 e HEY 2 A
371 AEo] AFMct o} AHh dh= HAH7F sk

o},

g 944 A7t F 2Y BT 180 4 v

Zol AZ YrojAe gomz WEL



R ) o] ZHEZg e wW, A5 a0 A5
gel7t Aldg #AEdA & F Ude 2347t
vgtth AFHA3EE AA & F e "EHA|
4o st} Fig7ol e A E3 FAF 8l
€ #4. RPM.o] 37139 AR =7 Folete
oz F Y AFel 2, JHAAEE 1~2m
Az Aolz AR FAAHE gt ol A
2 E g Idd A gAY dHHe] P
AM, Be Aol e A& & £ gl Figl
e AT WA FAE AFo] 7T AL ¥
Hol € wi7tx AE L AA I, A& HAE A
AL 9, 1000pml A9 2% W3olxm, AFd:
259 ¥gr} gduist 2080 AsAA, &%)
2~3C 71 "old AeolAM +Hdt= AA7 Ut
o} olg HMYE 2¥A 19SS BRY 308 AR ¥
FE B0l off Hol Y& AR 2~3mzA
FEstn Jot. o] AFzA UAAYo] FolAW F

old4 e 2w W} HolAx, +HE #HE A

ko] Aegol Hlw, My B Fe AFATL YE
gt Fig9e /i F3 JdIAF g @
Rolry. Hprxez AFAFH  FASAT,
2000rpmell A & ol AHrt vk &
RPM.¥ 2 J#ZE B9 1000rpmoilX & 7HE ¥
2 W9 A FHAL, 2000, 3000, 4000rpmo R
Z+E o 2 #HdA 88 . ol ot
% RPM.o] %od5E oA dAste €9
27] W EHPel o WA soivte Ao
o

23

6. 2%
vEe dAYS AE WU FAe AA 2
Gl BAY =Rolm Ao o HYoh

o]

L gHY A9 B AWFN FRrEn 2
& Fo%e wolzu) el Eojod, Wejs}
o FRe 903 % Ao

2. AE WAY FAE FFAMA 7F AL g
£3 @ 97x FEL A= A0 2719 &%
U dele aX W, Aol ALFE $P8E &
o] Zolx| T, olo] WA © FL AA7 vy
e},

314

3 FAREY HEAAN x4 }E HIJFESY
viste AdAds & Aole YN, AT WIA
S ASAE Ao A Bk WE T Aole
AUATE RPM.o] Fobd & JAAEE AN
=2

4 % W9 HEAA A EF 4F AF Abo]
dAe WMeE Aol FarsAl dehge

5. AWH oz sl gel $AsE ALEAE WA
Aol EABANA, 9% AFFH TP W,
#FAE AB7t ygoh

7. F3 &3

(1) o] 5%, A4 Y, 1999, A% WA A AT,
#371Ad T

(2) J. VAN De VEGTE, 1978, Balancing of
rotating systems during operation, University
of Toronto

(3) ISO 1940/1 - 1986(E)
(4) 258, 1989, 34714 JAF9 vHF 547
= Mg 2 FIJF AqXVE g, 5 EE

A+4,pp 106 ~138

G) WEs, 199%5, AL 3 A=HF 3, oY F

BAL, pp243~256

(6) o]d A, °1F 4, IAA BAY AR 4T ¥
7INg, d=2strled AT



