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Development of structural mechanism of automatic rotating link vise robot

Seung Yong Kim®, Dong Hyeon Oh’, Jun Hyeon Kim®, Chan Ik Park’, Min Yeok Lee"

and Dae Won Yoo

* Department of Computer Aided Mechanical Design, Changwon Campus of Korea Polytechnic VII Colleges
(Received January 1, 2013 ; Revised January 2, 2013 ; Accepted January 3, 2013)

Key Words: Arched Frame(¢}*] 3 Z#<]), Rack & Pinion Gear(Z & U< 7]9]), Working Range(*F<]
¥ 9]), Automation Equipment(A}-53} A H]), Link Vise(H = H}o]2)

E&: SRk obye SR AvtE AR FES A WAL ASHL gtk AestE At
S flsl vFet ZA7E s o] QlARE, W] YAl Aol g5l AdE A Wob &
A FAE dAdskA] Retar rk w ALELE YA vto]Avt ofAE Zegle] s # & I
Yl 71ojek MEEHE F8 360° 31 50| 7Fedt, Ha wolarle] g8ES o} &a&

2] S
Al U“*J 7hgo] 7hsdl W A MeE 95 5 Aok ol AR eAE
Al Bd st e ARMS dEsn, 8Ee 1A EY 2E
Fedl @Al Az 23 Al Az AHuds AAE Ao

Abstract: Developments for smart factory construction are continuing not only in Korea but also abroad.
Various machines have been developed for automated production lines, but most machines do not solve the
essential problem because each process is not connected. In this developed product, the link vise is fixed to
the arcuate frame, and 360 rotational motion is possible through the rack & pinion gear and servo motor. It
is expected to present a new paradigm in the current manufacturing robot market as it eliminates the time
required to replace the workpiece by workers, shortens the production time unnecessarily, and enables
automation of all processes from fixing the workpiece to the next process.
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230l &oli= 1921 74 A (Karel Capek)o] & B =toll A frefjste], why g thAlshs Abs
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HjopA 9l Wb 9 Aol FUlE ol Folgit) gk RISl A 20210 gk Z XA A

zAF At RaAWe] wEd Sl AFAAIS] 22.3%@49870AH7F BRI B E M) Fab ol
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Fig. 1 Facility investment by investment purpose in the robot industry
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Fig. 2 Modeling and prototyping of developed product
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(a) Forecast of precision machine tools in the world market
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(b) Forecast of precision processing system in korea

Fig. 3 Prospects for the growth of precision processing in the global and domestic markets
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Fig. 5 The difference between a highly automated company and its peers
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Fig. 6 Save time with automation

- 431 -



AA R T g 71
LA g w2yl A

N
S
ol

AFE i FEE Fkska ek AW 3 BEA,
53% 498 Axs B ALA AAVES ThE A

RE B9 AE Abede, AR
Al AE A7 ) A A BE AA Az 23 AP AR A

=2 g

n:EZ i)
m of
jines

_L

2}

nies i)
o Md 2 w2

ool ok

Table 1 Related Patent Search Results

MCT = 4,274 cases

4,483 total searches

Search formula Milling Vise = 48 cases .
(6 valid patents)

D= vlo] A~ = 161 cases

=
Ao FUL AT Ao AU wE 2Re] AAY Y AN Aol 2
=)

Beld 2 Jge .
2) A7 HHl BE dn BE Solv] 25 ofF el Solztok snz d4R e 9gol
Ak

222 TAA At

1) obAE zZH<l, 93 H}Ol* MEREE S8 T2Ee] HA "WAE 7
AAlE HAe ddgow WA FAH A7t 7Hsditt

2) 34w AME R Odf& Abol S ERQlel T o ® AR
557] el 2P} ko] BT

ot
ot
>

AE HWAY

Ay
o

olN

s, @ wel Alol2E ATl @

Fig. 7 Domestic and foreign patents
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Fig. 9 Arched frame drawing
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Fig. 10 Link vise robot mechanism
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Fig. 11 Rack and pinion gear mechanism
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Fig. 12 Anti-shake fixture design
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Fig. 13 Arched frame mechanism

AAY B AYES 587 el = 13709 AREE9 2719 DC RE7F .3}
C BB AEZE TE5A7]17] Y8l Fig 149 o] AAE o}

Fig. 14 Control box mechanism
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= ZEY EaE ARG A1) o)&dy AF £EE ARSI, 0.094mse] AdE JER|SI
A7IA vE AF 5, p2 o}AY Ty Y wAE NS REO Aoty REY 3 HASE 2HAY
olA Y T & AIZFS ddste] 15%0 13 FET F e 60pmoE A I
vim/s) = r(m)x 2 (rad e i) IO ) e )
60(rev » sec) min
2m(rad « min) rev \.
v(m/s)=0.015m x X 60| —— |= 0.094m/s
60 (rev » sec) min
BE da3 58 AQ)E o8&t ALtsdla, dast 532 14lwatt ]t
= UV ) 3K 0 (I 8 ) oottt et e e e e e ettt et et e e e e e e e e e e et e et et et eeee e e e e s naneneen 2)

H=15Nx0.094m/s = 1.41watt

S35 299 IAF
. 0~180 ° A
B A}%FS Table 33 Zt}

=
©

Al

B} 2 REHE JAYCE Fig 155 0~360 ° A HLEE o™, Fig. 16
53 AEEE AFES Table 2, 0~180° 3] do] 7153 AHHE

Fig. 16 0~180 ° degree servo motor
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Table 2 0~360 ° degree rotation motor specification (DM-S1306MD)®
Parameter Units MR37-24V-199RPM
Operating Voltage Vv 4.8~7.4
Minimum Speed sec/deg 0.16/60
Maximum Speed Sec/deg 0.14/60
Minimum Torque kg cm 13.5
Maximum Torque kg, cm 14.8

Table 3 0~180 ° degree rotation motor specification (MG996R)®

Parameter Units MR37-24V-199RPM
Operating Voltage 14 4.8~7.2
Minimum Speed sec/deg 0.17/60
Maximum Speed sec/deg 0.14/60
Minimum Torque kg, cm 94
Maximum Torque k:gf e cm 11
2) ob® Zelde BANT)Y] A% £ L Y AN
ol d TS EEE XA Hdol wAEy] wiel Fete]l 8 adPOF B3 RE B
g Atskdeh. 23)s ol &8 Aktsdon, A@E ol&s EAE AXEl 129.877kg, « em®e ANE
=24t 2He AA5E 40mpm g3t
GD‘Z—%- TV 0 (D% %) oot ee e (3)
1
GD*= o + 1.5kg; + ([0.8m]* +[0.76m]*) = 0.91kg; « m
_ GD* N
T= 375 e @)
0.91kg; » m 40rpm |
= 375 O lsec 0.97kg, » m
= 0.97kg; « m=97kg; » cm
o714, 1T : E(kg; « m)
GD? . Zgo] 8 a3 kg « LSUBfm?)
N ¥ A (rev/min)
t 2 718 Al Zk(sec)
W A (kgy)
D 9 (m)
d : WAHGm)
AEsH] Sl A(5)E ol &8l AAtEen, 9 Se A1) RO Zod E2
- 438 -



ro
F - of
:(31_11
2,
2
ol
¥2
MoK
i)
fo
rot
°H1
ﬂo
s
e
IS
8
ES
)
fo
.y
9‘15
rlr
i
v
_ﬂ
ot
2
r
ojf
1o
=
9
L
ﬂ>_~‘
N
s
v}

T
B )
2
F= 97’1%’;“” = 2.42kgf(24.2N)

v(m/s) = 0.4m x 2m(rad « min) 40( rev )-:. 1.67m/s
60(rev » sec) min

H=24.2(N)x1.67(m/s) = 40.41 watt

Fig. 17 The difference between a highly autg)mated company and its peers

Table 4 0~180 ° degree rotation motor specification (DD90-F180250A+NMRV040-1/50)®

Parameter Units MR37-24V-199RPM
Operating Voltage V 180
Speed rpm 36
Output Torque kg, cm 338.1
Weight kg 3.4
242 710 7= A7
1) w3 7F%(Bending strength)'? A4t
Pe B AT, £,5 3% AR £,5 S5 AT bE J0 F P dlele] 94, gt A9 AT,
R 7lolel ZhlAE stFolth g1 ARE ekt ARA L Hen 2t
P - i ©)
1 fw N fv . b « P e
Table 55 ot A8 el wE aks Al gk ®oh AlAEe] A dksol WiEsky] wiEel dks Al
S ke 0743 A,
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Table 5 Weight coefficient of Buckingham?

Action of weight Weight coefficient figure(f,,)
A condition in which the weight is relatively static 0.80
If the weight fluctuates 0.74
If accompanied by an impact 0.67

Ao mr) 710l AFL IDZUEE E3 PLA AAZ A=
E AAgded, Amel udstyd £= AsE T3

0 =0.015(m) ¥ 2n(rad « min) XGO( rev )':. 0.094m/ s
60(rev s sec) min

0.75

e o
fo 1+0.094+0.20 = 0.94
Table 6 Velocity coefficient of Bath!”
(9 mss)
Peripheral velocity (v) Velocity coefficient (f,) Remark
v=0.5 ~ 1.0[m/s] (Low-speed use) _3:05 Rough surface
30.5+v
. 6.1 . . .
v=10 ~ 20[m/s] (Medium-speed use) 61t 0 Machine rimming
v=20 ~ 50[m/s] (High-speed use) _ 356 Precision rimmin
gh-sp 3.56+ Vv 8
0.75
v < 20[m/s] (For nonferrous metals) m-ﬁ- 0.25
Table 7& PLAS} ABSS AEE5AS Uelhga gl ¥k 38 #3d 5382 PLAY ¥+ 4 &

61.8 MPaZ A3 3t}

Table 7 Material properties of PLA and ABS""

Markerbot Material Properties PLA ABS
High High
Standard ) Standard .
Resolution Resolution
Impact Strength(Un-notched)IZOD(J/M) 96.1 219 304 331
Compressive Strength(peak)(MPa) 17.9 93.8 7.6 49
Tensile Strength(peak)(MPa) 46.8 65.7 34 38.1
Flexural Strength(peak)(MPa) 61.8 94.7 36.8 59.6

Table 82 7]o]¢] Slol wE AY Al AR S ok #rh AF Aes 949 4 200 & 72



2 gk Sl @7t 1570122 XY A4+ 0.3300] Dk

Table 8 Tooth form factor'”

Number of teeth(Z) Small gear of planetary gear(y)
12 0.327
13 0.327
14 0.330
15 0.330
16 0.333
17 0.342

A A A % Tl Aol U e ge FY Bwe ghol = AT
1.5kg,

0.74X0.94 X 15mm X 6.28mm X 0.33

F9 Aus 4©0) d9a Jlolel Agae sEe A,

F,=0.74 + 0.94 + 0.69N/mm® « 15mm « 6.28mm + 0.33 = 14.92N

131:

= 0.069kgf/mm2 = 0.69MPa

2) Wt 7% (Contact stress)!'? A4k

P AY AR, £, S AT, kv AE5H Y AT, bE 7101y &, D2 BE, 7,2 & 7199
T, Zyv A 71019 Sloltt. olu] 79| ghe Fdsttiar Al

2% 7, % 7,

R B S TS A ——————— %

AN 44 tE Ar AEE 7 AdY 7197 2awy AT o dAstE S8 w4 J45H
<8 Ak FHote.E 38 45 $8, v S5 AT, av &8 7S YUY o474 B9 #%
< 09 TdstA AA AT

2 2

k= % c ol Sjn(2a)(1;:}1+ IE:Z) ................................................................................................................... (8)

7101¢] Aol PLA AHo|B=E &% AF= Table 69 HAFTE Ame S AR Al A

3 At

v =0.015(m) X 2m(rad + min) ><60( rev ) 0.094m/ s
60(rev » sec) min

fo= %m.% = 0.94

38 &= S8 o,5 Table 62 ;‘%3 Zaste] 17.9MPas AR 4A AR 3 AL S T8
o] 2@l st v 22 HEW Y A fho] =Ed.

1+0.362 1—0.362 )
3,5000MPa = 3,500MPa

k= %x (17.9MPa)* x sin(2x20° )( = 0.046 MPa

o714 T kO] ghe olgste] Aol sk taat 22 rojo) wek Ak gre] =Ednh

X x
Py = 0.94 X 0.046 N/mm?® X 20mm X 30mm X % 389.16 V

25 AREE Ao} I8 ofFolw =Y A7
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E HAYUSFS FEsty] fEd F 13700 MREHE ARSI 0~180° 3] o] Thedk AR EE 57|
b
= = 5 ST ° 21630 =
360° 3] 7hsd NHEE 877 AMSHET 180° A WE T as AEEdS W oY NIE
FA HW 0~180° AR EE]E AA = W, 360° AHEEHE AA A @i AL sHdete e F9
=] =] i=I=] kv 5 < e} 3T e} 3
Stk ol% ol gajel 7 kel Wad £AUE Fr meaAg AZasit
#include <Servo.h>
const int a=6:
const int servoPinla] ={2.3.6.7,10.11};
Servo myservolal;
int const potPin[6] = {A0,A1,A2.A3 A4,AS5});
int potVallal;
int angle[al;
wvoid setup( {
Serial.begin{9600);
for(int i=0; i<a; i++){
myservol[il.attach(servoPin[iD:
3
}
void loop0 {
forGint i=0; i<a; i++){
potVallil= analogRead(potPin[il);
anglefil=map(potVal[il.0,1023.0.180):
i
for(in O; i<a; i++)
iffangleli]>=160){
myservolil.write(180);
delay15);
}
else ifanglelil<=20)
myservolil.write(0):
delay(15):
¥
else {
myservolil.write(90):
delay(15);
3
5
3
(a) Program first page for servo motor control
#include <Servo.h» iHangle(2] ~160)
CORSEES T myservo[2].write{180);
const int servoPinfal ={2,3,56,7,10,11; wiyservolaTwrite(@);
Serva myservolal; delay(15);
int const potPin[6] = {AD.A1,A2 A3.A4,AS) }
int patVal[6]; else iffangle[2]<=20){
int angle[6]: myservo[2].write(Q);
myservo[3].write(180);
void setup() { delay(15);
Serial.begin(9600);
for(int i=0; i<a: i++){ o else{ myservo[2].write(90);
myservol[il.attach{servoPin[i]); myservo[3].write(30):
myserveol[il.write(90); delay(15);
}
) }
k forlint i=3; i<5; i++){
d |
" fortot -0 16 b Fanglell=< 1601
potValli]= analogRead(potPin[i]); //Z B MDIE ME aH(Zfe) KME myservo[i+1].write(0);
anglefil=map{potVal[i],0,1023,0,180); // €= ALj Tt HHE(1024->180) delay(15);
il !
ForGRERS else if(angle[i]<=20){
iflangleli myservo[i+1].write(180);
myservolil.write(0); delay(15);
delay(15); !
} else {
else iflangle[i]<=20){ myservo[i+1].write(90);
myservolil.write(30); delay(15);
delay(15); 1
}
) }
(b) Program second page for servo motor control
Fig. 18 Prospects for the growth of precision processing in the global and domestic markets
= 3T = [e) =) =) & roy Me) =]
A AFell A AR MEREEES 22 3 Alofstr] ffste] xzo]l=gd 7MAAFS ARESAT
S 3}.© = O o) o = > = =
ol 2H Y 7HHARE X, YO 7 JHe] & 7Y, Ad *5E Fdl T 49 dF AEE AL
2= =] = = S 2= &
S ol shitel FuAgen £ oo BEHE Ao] ¥ 2Aw + A Az
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FAE AT PR 2o A9 @ e dP¥or di4 152 77 AnA AL FAE 9
gol Wasith 9 NEF Fu ARREI 0% ST 9 AT AAA NG A= FASE
ZEaPe A ALY 20E olETa] A% 0o et aze aAHeIUY. FEE 9
% il mEZF BAG N thE wgow Hdser @k olE 8 F4 sl F e mHE
Agete IR Y Adsgor, Bl BHE A A% T2 ggen 4T 5w
ZRa9s FASAY.
2.6 CAE L2339 o] &3 74 A3} u&
2.6.1 FA T2

CAE Y21sg Algafo] gae] LxaAe Aad A% Nuwee] Ao B39 148kg, » om Y
o FHo] §Ho] 0.4868MPac|™, ZHu WIZFS 0.00014mm= YEFSTE IGEME] Comparison of 3D
printing materials Vo]l WEW PLAS] Fg Q1A == 35MPac|™, ELSEVIER®| International Journal of
Fatigue”o WH2Wl PLAS] 3= ZEi S8 99459 10%e Budh G0 G8shs Aol
PLAS 2 FEE 35MParth Sto} ®aE P Jom dddth Fig 22 Yol MeshE 483
20]™, Meshe] Z7]%= Table 9o A gt

037862
032453
027044
021635
016227
010818
0054088
1.934-10 Min

Z|CH 0.4868MPa

Fig. 20 Max. von mises stress

000013212
000011561
9.9002e-5
22577e-5
6.6062e-5
4.9546e-5
33031e-5
1.6515¢-5
1.6045e-12 Min

Z|CH 0.00014mm

Fig. 21 Max. deformation
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Table 9 Link mesh size

Mesh size 1mm
Nodes 143,406
Elements 38,148
Mesh Method Hexa Dominant

Fig. 22 Links with meshes applied

262 3 & YA 7]o Fz34.
g 7joje] FRIMNS A3 Ay} 2HAE 5] AT FACE 158 A u Ho$E o]
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Fig. 23 Max. von mises stress of the rack and pinion gear  Fig. 24 Max. deformation of rack and pinion gear

Table 10 Gear mesh size

Mesh size 0.5mm

Nodes 419,268

Elements 114,583
Mesh Method Hexa Dominant

Fig. 25 Gears with meshes applied
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Fig. 26 Max. von mises stress of the arched frame Fig. 27 Broken prototype

Fig. 28 3D Modeling Fig. 29 Prototype with design changes
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Fig. 30 Max. von mises stress of the arched frame Fig. 31 Max. deformation of arched frame
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Table 11 Gear mesh size

Mesh size dmm

Nodes 96,051

Elements 25,929
Mesh Method Hexa Dominant

Fig. 32 Arched frame with meshes applied
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(a) 3D Modeling view

Fig. 33 Program modification and production
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(b) Prototype



¢ N.‘immuunummmum
A link vise origin movement Fixing the workpiece Moving the arched frame after machining
Fig. 34 Program modification and production

Arched frame levelin, Workpiece transfer A link vice origin return
Fig. 35 Program modification and production

B link vise origin movement Opposite side machining in progress
Fig. 36 Program modification and production
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