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SUMMARY

I. Title

Development of Automatic Manufacturing System and Binding Material for Diode
Glass Tube

II. Objectives and Significances

- It is realized that automatic manufacturing system is enormoursly critical
for industries.

- The increase of competitive power of small-to-medium-sized enterprises is
essential for another take-off in our country.

- Improvement of the binding process is an absolute requirement in order to
recover the competition that is being weakened.

- The automatic technology developed in this research is able to apply and
utilize at job sites,

- The development of a new binding material for glass tube provides
the raise of produtivity, better working surroundings. Furthermore, one
may expect the conservation of environment,

- The industrial-educational cooperation can establish the intimate

relationship during performing the research. .



III. Contents and Scope

This study has been carried out for partial automation of diode glass tube

manufacturing process and improvement of its binding process.

1. Development of Binding Substitute

- Substitute material for the rosin that is being used for binding the
glass tubes has been studied. It is necessary to examine the rosin and

the binding process in use since the manufacturing process has several

disadvantages.

- From the literature survey and the analysis of the material and the

process, basic properties which the subsitute must have has been

summarized.

- Followed by doing some preliminary experiments such as thermal analyses

and dissolution behavior, etc., the most suitable substitute has been

selected.

- Comparison test and analyses have been carried out,

2. Development of Automatic Feeding System

- The outer-diameter measuring system in use is to be analyzed.
- The improvement for the system is considered with utilizing the

measuring equipment effectively.

- The glass tubes is needed to be uniformly arranged on conveyer for the

automatic feeding as well as the easy distinction of defective

products.
- The system is designed to be flexible for the purpose of any change



when necessary in future,

- The results from this research are to be practically used through the
construction of a prototype of the system.

- The prototype constructed is improved by fully considering the job

site,

IV. Results and Application

1. Development of Binding Substitute

Watersoluble polymers, poly(vinyl alcohol), PVA, as the most suitable
substitute may provide some improvements in processing. Various concentrations
of PVA solution were made with different degrees of polymerization(DP). In
order to bind tubes effectively, a solution should be as low as possible in
viscosity and as high as possible in concentration. In this study, PVA with
the lowest DP = 500 was employed because the PVA was readily formed a clear
solution that has excellent stability in optical and physical properties during
storage at room temperature, The experiments using the solution were
wettability and surface tension, evaporation behavior, adhesion and shear
strength, and dissolution behavior., The following conclusions were drawn from

the exprimental results;

- It is able to use wettability to estimate the impregnation of the
solution, The wettability is not good for the concetrated solution,
but is so much improved by raising the temperature of the solution.
This means that the processing time can be shortened simply by

increasing temperature,



- During drying, water evaporates real fast for all samples in an early
stage and faster for lower concentrations. The maximum rates of the
evaporation take place after 15 min at 70C, 10 min at 110C, and 7 min
at 130TC.

- Adhesion strength of PVA solution after drying the water at 110C for
various periods of drying time was examined., After drying for 30 min,
the adhesion of PVA on glass is already better than that of rosin.

- Cleaning of the residual binding material may be effectively done in

warm water. The material is removed up to 95% for about 50 min at room

temperature and 30 min at 60TC.

2. Development of Automatic Feeding System

A glass tube feeder, which automatically feeds glass tubes uniformly on a
conveyor belt in an outer-diameter measurement system after the first-cutting
process, and its control system has been developed successfully.

The glass tubes are so fragile and brittle that it should be careful to handle
them. In order to understand the feeding characteristics of the glass tubes,
several proposed prototypes of glass tube feeder were tested to some
parameters., As a result, we finally found an optimal feeding system, which
separated the glass tubes from container stably, and maintained uniform feed of
the glass tubes. In this optimal system, a bladed feeding cylinder was
employed to separate glass tubes from the container, and a cam shaft was
installed to avoid the jam of the glass tubes at the container exit. In
addition, decelerating system was added for the momentum decrease of glass
tubes in the downstream of the feeding cylinder. The difference between
feeding capabilities of the feeding cylinder and the conveyor belt results in

accumulation of the glass tubes on the conveyor belt. The feeding cylinder

_12....



should be stopped, whenever the downstream outer-diameter measurement system
stops the conveyor beyond its measuring capacity. In order to resolve these
problems, a feedback control system should be employed. In this work, a
programmable logic controller was used in the control of the driving motor
which rotated the feeding cylinder, and capacitive proximiti switches were
adopted 1in sensing the transparent and noninductive glass tubes. It is
considered that this automatic glass tube feeder and its control system saves

labor, and enhances quality of product in the manufacturing process.
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<> =l (l-mse) (1+ma¢) (2)
1 + cos0 1 - cosd
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(b) Simple singly bonded A}&S] 37|
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(Fig. 2-6 (a) Vectorial representation in two dimensions of a freely
jointed chain of fifty steps

(b) Spatial representation of a simple singly bonded carbon chain

(c) Intramolecular charge-charge repulsion)
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B §9uU 22}t A& uidol oyt % BEE AF3 FH, oV v
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Al&8] hydrodynamic volume} H@o| HrTI[4], Axel IEXIY 713 223 H
2=29] el Ex}2¥(molecular weight, M)}l A= Mark-Houwink-Sakurada(MHS)
equation® 2 &I A (1)E FAlE =4

[n] = K M° (1)

oA714 Ko} ats 42N ofn ZUslol LEA} A& FHE& UEhdch
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A Bk 3 AE(Me) ) BE(c), BABMNAY BAL A (2)8 (3)o] YEht &
c}.

C (1 + B Yo (2)

[n] + k C (3)

(OE 2-Dolle 8 F71 F2 A3 F7h0 uld X F715 Ho&r).
ofd YA Fx F2 ExX}3oA Hx F7lgo] HEI e o ol A&7
¢ ¥ (entanglement) 2.8 QI3 A 2] F 7171 715 7] wlifojcl.

2. =84 38X £/



in ¢ In M

(a) {b}

a7 2-7 Axe] BAY (a) dFEXFANA X (b) dBFsEA A
(Fig. 2-7 Relationship between apparent viscosity and
(a) concentration at constant molecular weight

(b) molecular weight at contant concentration)

(E 2-1> Polyacrylamide?] £%
(Table 2-1 Uses of polyacryamide)

of g g8 © AFof
SEI¥E 21x% 2e HIx|
472t Y 74
Sy KA IMEY 22 2 ¢
g M JES LIS
LX) Uyt
"IN SR HIX|
QuiANe X +38 MR A
HEX AR A




484 T2 2tof]l+= polynucleotides, polypeptides, polysaccharides$} Zt2 A F
A Hu28E =" BN iExHbiopolymer) 7}t =7} PR, ol E WA U=
nonionic acrylic, oxide, imine, vinylA 3} 31&E-XHsynthetic polymer): 9glC}
7 dlo] polyelectrolyte:= ASIE W H%7|(functional groups)7} Al&S Uzl &
o} gt WelZA 484& Urh 1 3 oledg WA 41 £84¢ Uthi:
EAE oldlol 47istLal siul, of TEA] 484 VEATl EAlshe 34
(polar) &2 4Z ¥l 7]d%cl

.

7}. Sodium Carboxymethyl Cellulose(CMC)

A8 cellulosers P33k A8 2 o] ZE¥ =ALZAYCE Fof Q1o
E37t olFrl. I2BER MCe UFHLE s4ZYUY 5 €99 {37 7tsd A
5E H{EAA U AREA HRL FolY AlolR T Yol AMEEHI glon,
Z2A, ¢BA, TAHA, A FLEXE o]8F Qdrh

L}. Polyacrylamide(PAM)

2] (4)= PAME acrylamide TN E H¥| free-radical Mol 23] YA 3t=

WSS UEhAL glen X JAEAE] 106~107 g/mole7tx] Hz2¥ 4 Qlch

Initiator
CH,=CH — -(CHg-CH)n- (4)
Lo Lo
l\lﬂ'lg IJHZ

PAMZ F-e|Ho]&x7} 165C &} 188TE[5] At Lo® w2 T,& 71X 484 2
X154 shtoln &3 2= gix7 A ¥|&E o werh 2] PAME Y

_w.__



ol 2 7lo] o|&¥UE HAF Lt o] intramolecular conformation HZlof 7]¢l
gl PAMS Ex}3o] #HAA HHH o2 BHE F7/MAABRERE FSHA(viscosifier)®
AFgE 27| St O B F7he= A (5)o mhStl.

[n] = 1.0%x107% M, "™ (water, 25C) (5)

o] B 712 PAME FE (X 2-1Doj] Boxl= 58 AIRHCL

C}. Poly(acrylic acid)(PAA)

PAAE= Al (6)olM M RA acrylic acidE free-radical €3¥3tAHL} precipi
-tation {3l HRYE 4+ AU 2H[6~8],

Initiator
CH,=CH — - (CHz-CH ) n- (6)

COOH COOH

Al (7)ol A2} o] poly(alkyl acrylates)& ¥ (hydrolysis)3dle F{3l7|% jich

Ha0
CH,=CH — -(CHz2-CH)n- (7)

COOR COOH

o] 2%t PAAE= T,7} 75, 106, 126C 28 C}lustA BIxlo] ol om[5,9], IIAA E]
ofj A EEstil FEH Y FGAE JIAAL ot +8Y YEldA s Fxt ¢
A FF2 nprIRE AR F7tl wet S7ikTh PAAS] X2 & eEA
2] SHEAE AMEET, 3 2o 24 ¥4, A, HAAZRE o] &= g5, 9].

......40_



2}. Poly(ethylene oxide) (PEO)

(s
olo

PEO= ethylene oxide %}&¥AM|E ring-opening £3}5td HZE([10,11] 1 ¥
& 4 (8)o] YER|AAL]

\
CHy'—CH, —— =(-CHp-CHy-0-),- (8)

durzio g Hzajgro] 1x10° g/mol o8] 2 ExEE JIAH, T.o] & 65T, Tg7}
-45~-53T FxZo|t}(10,11]. TaojAtollA HFE7} 3] & Hol, T4 742}
7 AF2Hcl,  PEO= Ao A Eof H$A3] wom B Fe=F ZTAOA lower
critical solution temperature(LCST)S L}E}WiT}. PE0S] £ %7} <E 2-2¢] UEN}

AT,

n}, Poly(vinyl alcohol)(PVA)

-

PVAE= A (9)ollA &t o] A A vinyl acetate THHA|E free-radical FHA| A A
MAHH poly(vinyl acetate)S YE3} (alcoholysis) &L 43 hydrolysis) A]HA]
A Z¥cH12,13].

[

Initiator
CH,=CH — - (CH-CH ) n-
OCOCHs OCOCH3
CH30H
—> ~-{CH,-CH),~ or -(CHz-CH)-(CH,-CH)- (9)
catalyst | |
OH OH OCOCH3

PVAE 8% 3ATA F 71 B2 9ol BAEIL e A 59 dhvojct. &



(E 2-2> Poly(ethylene oxide)?] &%

(Table 2-2 Uses of poly(ethylene oxide))

g8 &
/| — A A
2| & M| & 2 7t A
SESPS| X 2MA o| ot &
M8 &K MX[Y
SRl SUKNE AL Y
HIE{ 2| & =4 x| o
SEE X7
IEI/AIO0]R!  Dlo|3B
ANMa U3 & THd
484X MX|] 8¢ MY
fldR Alo|H RE
el JE o|et&
r—RORS! N E X =
A EFX]| A =
S8/A0tM  MEA, H|& Yo
&, 8¢ QHIR
A<t YR
S3A M| 2 ol 2 U=
HUE Bl =
HQUE MHH HoIEQ




A AAL Baitibyoll o3 A 24 poly(vinyl acetate)®] FHRA, 43
Z7, JX, I ol &L PVAY Ao nj2= 3= 2ARY XS
<1y 2-8>0] JeERJYTE.  gla <E 2-Dojl= iR BAHAES 53 U
tl.

PVAY 44t% 7] (hydroxyl group)”} random3}A Al&oll Ao ZAAB I =)
WA 2R £ oy, HAFoR £ AVTL FHeEBR xagf
packingoll W3l& FA| ot ZF I} dojd 4 oy o iyt W2 K37} gt
[14~18]. ZAFHEE 584, UAEYH, oxygen-barrier A, €712y o 2
FUE nAH, T, XA ZFY FAG3 Zolo &3t PVAY] T2 ¢H3]
7t E B oF 220~267Ce HelE UERH, THT T FZE 130T o] FollA
3l (decomposition) 7} dojL}7] AlAsIRE ofFr), M3 £HH PVAY T,= &
2 EA1FE 1A Zo] ¢ 85To|n 87~89% ¥ HUL uwf T,e ¢ 58CTE ¢a)=
auCh 32| FUEDP)A e T8 &8 A (10)3 #Zrh19].

-3
T, = 58 - (20210 —) © (10)

PVAx= water, DMSO, acetamide, glycols, DMF&} -2 713l 2 S mja X444
(hydrophilic)ql &ujo] & R, 53] Bo] ¥ ZA¢E vl 22 542 7}
th. $H3] £HH F9E= 80T ol I2olu HF= EoAw &35, I £
o] HH F2oME I AelE fA¥Nct. FEHoT £UY H$ F 70~80%Y
< 10~40T & 2= HeoMnt &35 tjFE A20lM &3} <O 2-9d
= =9 ittt &It SR FIxo)] AEUE B ETH20].

PVAL]S] 4137 Ay 4248 A4 Exlaed &2 Alae 283
F7IX A T84 & AMtAUch. 1dHAM T 4™ PVAY F ¢ AESHE= acetate|
of &3] £4£ZAE UIAA Y2 LEANE £84E XA Ul ¢ & FU4Y
dAz|o] o3l AE =T} UM 882 Eol ¥t 1ol IAA HASE= F



YA, 8ofe UM ME, oxtzte, 809
£8sd &7} MEA, Mazde, BAs
37t
A 2 Xzt =7t
2t A 28l =7}
S YA, 8ofo oA S0 g, eIxZE,
A248M EHOQ M2M I} XMy THOQ MY F7}

<R 2-8> PVAY] Ex}gz} 3o ulE E4d2] W3}
(Fig. 2-8 Effects of molecular weight and degree of hydrolysis on

physical properties)



(¥ 2-3> Poly(vinyl alcohol)?] 2|3 43
(Table 2-3 Physical properties of poly(vinyl alcohol ) )

A A Ay B 2
Qe T AJOf|A] ArofAl
AA BY
H| S 1.27-1.31 24 %18} 3 Jtof u}a}
27}
QAURZH & (MPa)
98-99% 24 B} 67-110 ZHs JF X0

ol3f 37t8tLt &217t
ULU ZA. X
S7toll oiet &7t

87-89% 24 B} 24-79 2%18 &L Ar{g|oj
o[l &II8tLt &2]7t
UL {1 LA,
AL = (%) 0-300
YWY AL(X10°5)  7-12
H| % 1.67
AMCT & 0.2
eS| Ho|2x(oC)
98-99% 2 &} 85
87-89% £ 8} 58
& (°C)
98-99% <4 B} 230
87-89% 28} 180
A288%s 0-0. 54 WX [ 28 of
w2t &=t




Solubility, %

# 10 20 30 40 50 & 70 80 99
Temperature. °C

{7 2-9> PVAS] 3=
A. 78~81 mol% 4%} DP = 2000~2100 B. 87~89 mol% 43} DP = 500~600
C. 98~99 mol% <=3} DP = 500~600 D. 98~99 mol% 4%}, DP = 1700~1800

i

(Fig. 2-9 Water solubility of PVA

A. 78~81 mol% hydrolysis, DP = 2000~2100
B. 87~89 mol% hydrolysis, DP = 500~600
C. 98~99 mol% hydrolysis, DP = 500~600
D. 98~99 mol% hydrolysis, DP = 1700~1800)

e

a
e

%
8 & &
r

Solubtlity,
o w &3 U

i

i t
20 40 60 B0 100 120 140 160
Drying temperature, °C

o

g 2-10> g3lxof njxl= el ¢3% (40T) : DP = 1700, 98~99 mol% <=3}
(Fig. 2-10 Influence.of heat treatment on solubility at 40T

DP = 1700, 98~99 mol% hydrolysis)
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7} <Y 2-1050) UERL Qlth, A7 AXE she ASE O o] A
s ekom, oyt WML He BA ARES =M Waw] hssA H
2 dxe LEHT O $& SEEE 7 ZAo] AWLHL}.  Acetate?] 7 U
osH AR E AstHn, AXelol o3 TIAE A gloldch oY dMas
Be] Aol WRY AULEY A9 wsiy, AZ A ¥ 2EAE AA

o & F-v+= 27A Yrl.

(1) 8Qd=E

PVA 488 FAx &= (O¥ 2-1DoAN <O¥ 2-14>0 Yepd R M FE A
2, BE, TIHE, = Fo Y&ttt aOd 2-1Dde $3lx(degree of
polymerizariam, DP)7} TIZ 45R8 &Y Ao =& HIHI 8L vlA =
A& HAFE Zlojtl. BE FHol tizly 4848 =7 184S F33] F
7S BEE 4 3don, AL FRoN ExlFo] FIi3e wiel HxIt FIHhE=
RE & 4 ot 2|3 OY 2-12>0= 16wtx 28] 5o wlE 2] WIE
LIER =, £x130] AZE T & $7Y £do] 259 F7lo] utel vl FPL
E A=} B4R (Od 2-1HS £HEL] W mE 10wty {2 F= HI
g HoErh ¥ T sRidAME 32T SIS Ao ¥t £44%
o] £AF A3 UYE A5AA A BTEE YRR Al FIRICE B2
THEE 71X 27 Ao] A e miel 2 F717F dojuA Ax|of A AHelE
Hesl7]E VTH20~26]. 2 F7HES QIAULE, BE RVLE o & »
B2Ee} Bt WES4F i $EV 8248 1 F7H80] Ul (O¥
2-14>= 98~99% +2H FAoN FET} AZto] Fyp] w2} FII8iA|w, FE
37t dojt B9-e(87~8%%) Jgs] It oY £8YY Hxo A
A %2 aliphatic alcohol, urea, salts & H7IUYOZA dojA £ Qlr}.

(2) ZIAIH 44



10,000

8.000

%

Viscosily, mPa«s ( =cP)
>

2,000

1.000
2 4 6 B 10 12 14 16 18 20 22 24 26 28

Concentration in water, %

3§ 2-11> X0 e PVAY &JFE(20T) © 87~89 molx 4%
DP = 2200(A), 1500(B), 550(C), 220(D)

(Fig. 2-11 Solution viscosity of PVA as a function of concentration
87 ~89 mol% hydrolysis
DP = 2200(A), 1500(B), 550(C), 220(D))



r_.

Viscosiy, mPa«s ()

8
/

10

10 20 30 40 50 &0 70 80

(2§ 2-12> Exof o} PVAY] BAHE(16 wtx) ; 87~89 molx 2
DP = 2200(A), 1500(B), 550(C), 220(D)

(Fig. 2-12 Solution viscosity of PVA as a function of temperature :

87 ~89 mol% hydrolysis.
DP = 2200(A), 1500(B), 550(C), 220(D))



10.000

1,000

Viscosily, mPa.«s (=cP)

100

80 82 84 86 88 90 92 94 96 98 100
Hydrotysis, mol %

<Y 2-13> ¥ 5o ufE PVAL] &JAH (10 wt%) ; DP = 1500

(Fig. 2-13 Solution viscosity of PVA as a function of degree of

hydrolysis(10 wt%) : DP = 1500)

10.000

Viscosity, mPa.«s (=¢P)
p=t

100 '
0 50 100

Time, h

(1¥ 2-14> PVAS] &dexof n|x|&= AR F3
A. DP = 1500, 98~99 mol% <%} B. DP = 1500, 87~89 mol% <&}

(Fig. 2-14 Effect of aging on solution viscosity of PVA
A. DP = 1500, 98~99 mol% hydrolysis B. DP = 1500, 87~89 mol% hydrolysis)
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£d 3" PVA EY ARREI gl &3t A4ARE (A7 2-15d]
et E¥ DP7} F7HE4eSF AR AEE 718 Bugl Skl e 4%
A2 AL DPo BAY] HlEY BAE Weh  dAeld] g3 g F
7V & 4 oy, Jt2AE AME3PE 2 §¥o| ol tiyt Y wiwo] Ly
EI A HPY LS Fol ofF RISt GA3] ARAY Foll= I o] 10%0]3}
of ZALIA] 4o, 80%] FxEl B+ 300~400% HPo] Hr}. IZiAAE HI7ISHA
ol e 28l& && F vl o WL == FHNU A= ASH
=3

(3) ERHH

PVA 4802 FHAHL BT (<IY 2-16)), &, FHE, PVA FAls
acetateZ]2] X Sof &3itt <Y 2-16Y0]4 o 4 AEx Hle} Po] LI F
ZHtel upet EEZHL 0.1wtx o] FollMe ofte] vt gl EXR £3¥ETL F
713l wlel EHAH-Z F7Ict. VAHD] FHHOR acetateZ] 7 EXI= F e
FAYHo| 2m, blocke g glom 2 P& HAFTH27~30]. <I¥ 2-1D2 %
< THEE 71 PVA 8o sxTt FI71jte] wiel FHEF Y] W= RS YE]
A Zloj T2 Hiof wiel EHPY L AALHE ¢ 5 Qch

A 43 oA AR A5

TUERANE B9t AF £ #8748 LEAFdA 714 9 E8& 183} sodium
carboxymethyl cellulose(CMC, Junsei Chemical Co.) Z12|3l polyvinyl alcohol(PVA,
Katawama Chemical Co. )& ®3}g o PVAS] ZHEL+= Exlgko| e F 71x] £/
(DP = 500, 1000)2} 39S AH&stddct. o] 84 LG tiMAE=A &
7bFe’d & 13l €M stalen o "agt ASHEE 3] Rotrh, @A) A}

U A5 £33 B At uie} To| IoA FAIZE §FH AT



110

100

Tensie strength, MPa
S

10 20 30 40 50 60 70 8 90 100
Relative humidity, %

a3 2-15) €A 23 PVAEEY dFgYol nA s Husg=ES %
DP = 2400(A), 1700(B), 500(C)

(Fig. 2-15 Tensile strength as a function of relative humidity for
fully hydrolyzed PVA films

DP = 2400(A), 1700(B), 500(C))
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(4 )] ]
Ln o
= eSS,
|

g 9
Ve

&
-

Surface tension, mN/m {=dyn/cm)

o
Ln

b
L

0.00 0.10 0.20 0.30 0.40 0.50
Concentration. wt %

<y 2-16> PVA =£42] FHAJA(20C, DP = 1700)
A. 98~99 mol¥ ¥}
B. 87~89 mol¥ 3%}
C. 78~81 mol% %}
(<Fig. 2-16) Surface tension of PVA solution(20°C, DP =1700)
A. 98~99 mol% hydrolysis
B. 87~89 mol¥ hydrolysis
C. 78~81 mol% hydrolysis)

N
L

Ln
L

Surface tension, mN/m (=dyn/cm)
L& 3]
O

I
un

4
O

atal -~ . =y - - T - = - -,
O+UC (WI V 1--2"-!": —_— - e h-»:"\-*
Concentrato-

(Y 2-17) PVA ££2] Exjgko] FHAH njAj= FB

(20°C., 87~89 mol% 43}) A. DP = 1700, B. DP = 550

(Fig. 2-17 Surface tension dependence on molecular weight

(20C, 87~89 mol% hydrolysis) A. DP = 1700, B. DP = 550)
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FULE AGE A7|= dFY €825 WHE ol &3l gt 1A o] &
3 AEANEE 2 &8FES PHY & TledES dotRU] g% &8 d3AF
S DSCE ZAps) Holrh, I dEMIHE (OY 2-18>0A <Y 2-199] Liehliad
Ch. <23 2-18> CMCol T}t Zee &8H2 ¢ 150TCo|iL L &§of YW +7¢
(100~220C)oll ZA dojuta sl EZ <9 2-19>= DP7} 50091 PVAS] tjgt A
o8 &&HZ A28l 200To W3t v P F2 LA &Fol dojdrt. o]F9
dHASS 7IXE 3l B Egol i UL 12oA 3 3lo} 3tB=E 24
o]l E 4 givh. I EE iMoo gtes ¥ Shute WhHoeE fuf & Eo
ol= WHE B & 4 vl oA AAF AssPE S 4k o2 el

i) &&Z<(melt process) : AFAEE &8AIFA JqAJel=E & F 3
AlF]AL G2l % JZIAF AL 33t Y
ii) &YZ<(solution process) : AKARE Fol {oJA YAJel & §F F

A o ARA|A 183t b

by £ dPolNE FHmle] ubHel §o AGH S AYstnz} s, o] A
$ 4 2} 484 IEAZ} gdo] WAHE AP ZA B West Ak e
A $le] 484 DEAES Bof wolHA 1 P BN molth o0y AL
Aeold Bol k= &E7 o}F 3 2EE Z/AARE ENY U FAMS
A717h oY), 223 0.10 FUEE P2 SEAME ST ol FAIZ W
st gelabelsl Wk U PUAY A9E BE EFol ofs| w2 olstA FU
gAg A2 4+ Qdrh. wely B AN il AL PAS Melseo
o, 89 HAASo] Eajale] o|Z5ES 37118 ztz} THE PVA & DP = 500, DP =
1000 723 FGgol theted ZApstelty. = A3} DP = 500 PVAZF &oe] # =7}
golgt B olel, T HE2 §o AZs} FFsstPon (2 APl 0.25 FE
E711]), L FEAN FEE Wons YUME L4siz e} ojatsil, & odFof
A+ DP = 5008] PVAE AEiste] AR 33}l
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(Fig. 2-18 DSC thermogram of CMC)
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<2y 2-19> PVAS] d&Y =2 A
(Fig. 2-19 DSC thermogram of PVA)
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A5 A AW Y R P

Ao Hagt =892 th2 APos AHZHTE WA AF2olM AH =3t
A e skol dYsts &F THE2] PVA pellet& Hlo]F o] Y2 ¥ =& FolA
Z1A1 3 k& A7l PVA pelleto] &ol &433| AA HHE 50CE 71¥€3to &
247 Bolx| & wj 7Ix] Al aibste FEAJefd 4 €9& HEACE gl
B Aofa] A3 R Tl 0.05~0.25 FREER] 5 QAR ARG o
X7 Sl ot FUdEYE Sl eyt Ao] ¢ 20w HTHAE Z
olZitl. ARHE €Y E FUES YA A 20l UEdlq BHUIiI oy
REFol oA\ 584 B F588 A3 [}AEHZR] Yooy ol §o] 4
23] GBI ofnjRich

2 A E HRE Y& o] &3t e E4L RAH4C

-3 &8 (Wettability) W FHAH(Surface tension)

-Z- & (Rate of evaporation)

- 27 = (Adhesive strength) @ A TH7}x(Shear strength)
-£3| &(Rate of dissolution)

1. 328 9 EARY

2Rk THEEMC] ATARY W 1Y EULULS nj$ FRsA FRuT
oY AL M A, LEA IY, WEBY G, TR ALH, A
Edo] T §82EAl) HAY 5 olstnl FRsith B Aoy go9
felol Tyt B4 AA TN S0 glass tube Aol 2 Am=r) nas)ol
U 328 2439 sfiolth. metd <23 2-2050] Bl ZANH £ A ARG
glass plate(l mn $7i)Atolo] 0.2ume] Fo| WIEH stel nle] Ful® YA 442
godol @io] 1 godo] Scartx] Sehrhenl Hele Ang Zalsith. 1 e



= o= T & W == e B O as ek e - e

I scm
I
I

2g 2-20> H3 FEFA
(Fig. 2-20 Schematic diagram for measuring wettability)



T2 Yuto R nh5o]3 spacerd ©|&3HeH HAE HU/ME IS AHEES
0.05, 0.10, 0.15, 0.20 22 Lo sl AL, 50T, 75ToiA AlBs}gc].
AAYor AL HFHZ(contact angle)E F3] P 4 U=dl ol H&HZ
& &A%k WHE ARzt k. HEHFER] Al F-$+= tilting plate,
liquid drop, slide technique F©°| glemn, FWo|u} thd/d Y=Y ZFPoe EA
T Uy, ABEE, AEEE, Frak 5% ol83ld F3YE 4+ Ut £ €79
A AHERY B3 S AAZ R HURE KA 23R8 E RAIBH] Y
Zo|t}.

T2t £ AZEE oldlEt] 3= EXY EHAHS oY "art ol
ch.  Z718t SN JAY FFE dE S8, dAUFY FEEXE e AR
AHo| 2r&Rirt wepy olF FAEZ FAHEAY ¥ 4¥L& fXIstA Hrt
Zgivl ¥o) =2 S URE s A¥Y 292 ks dY¥2 EF)js)
At EH 2} FILL U= BAES FIIEY FFE ¥t A go] nf FolA F4
g A7 dEe 3 #¥o] AoAXA AN HREZE AP E JISHA Hol R
ol Ex3IA Hrcl. oly A HFHo] AU EHEFYHES EAY 23
(Capillary-rise method) 2.8 &Aoo 7 FSAAXI} <Oy 2-21>0] QUr}. o]
o] H2H oA FE T FZ RAEY ReBS €T F U~BAL F BY
of TEIE uwf Hol(h)E FE AisiAdct.

2. UE

= Ao Me} Zo] AL HE AMRY ZE AFAZAY S 317 #13
UrAHOE £FE& FUAAH it gr=2E £89Y ARXAFTS $831H o|l&
dotR 7] ¢3] 2|2t #lof 200mge] &4 Wol=Rl F 70, 110, 130ToJA ZtZ} A

2ol WE BAlY ZAE zAbSiACE

3. A¥P=E W A=



Ay 2-21) ¥HAY &AH A

(Fig. 2-21 Capillary-rise method for measuring surface tension)



24558 & 3 sh= 2% HeFY i &A%} glass tube Alo]o] 283}
= Z 3 (adhesive strength)o|tl, o]g3 ZAYYE FF Y 4 A= o= o
7Ix7F 2ot 2 AP lap shear testPS AHE3tlth. o] {2® 2-22>
ol &= & dFolA A1L% lap shear test§ 7]7]ojt). HAAEE dFY FAwE
clo}] JAZ 5T L3 HBAIZ u] load cell (resolution : 4 Kgf)oll A= ©
& ¢lo] lap sectiono] Wl wie] ZrE Aeysidct. E AFE #3 AHEH AH
o] Bmeofo] <Y 2-23>0] 2lom thEzt Zo] AZFEE Al#E (a)e F MY
1% 3(T) x 27(W) x 50(L) mm]& ¥l ¥FHF {2 ¢ol AEE ¥, TS &
12HE 2 #o] €2 v FdF o] o]Fox|A it ER AH (b)=
0.2mm A& spacer§& U] 7|9 B U¥FLE UE F, 1 B A& A
$itt. Lap lengthi= ¢f 15mnE 3}l en] E& Fdol &3t AR HES AL 2
A2 By ARX2EE 110CE ZAAstd o AXAZEY] WH3lo wE AGIHY S &
A5ttt

7€ A48 $IE FHPEE S5 3 v 2ol AlEE A E 34
Ct. Hot PlateE ¢} 150C F= 71g@¥ ¥ Re|3tE 2 ¢ol &3 7IEAIFIHEAN &
X powder§& 2|3t ¢] lap section 22 H F-Fo] gl ¥, o| powderZt &&F
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(Table 2-4 Adhesive strength of PVA)

(N/m2, X105)
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. el "

(B = Broken at the glass plate)
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Yol JPsiA A mpEE = Zlo] A HT)

o|}@E HF Ao FAT He AL feeding A Y o|FSHE 2} Awo]of
o] olFEx Ajojof &3l Re|do] AKF JF fiX|o Fol= L& WA= A
oltt. ol& H3MAN TEHF FFY FEBY G& FHI] AA|StH feeding HTT 2
N AS A A AHojst= A|ARlo] Wil o] feedback A|OJA]AHlof tfi3fA= ¢}
= HolA dF37 = Fir}

Al 2FE-1, A|2FE-28] AlE A wtgEo] #F dAE feederd] HAXZHO] F
ol del gltl. AA FFoM o= ujo|o]o} vlxx¥t 5o AJHE wo]of
of dAY ohEZIA] o] HdAEH X{E glom, AA feeding AL¥E XF
3= & EHEC] +55o Urh

A 34 gAY 2AFA

2F A2 BEH feederE AFilelQlol] HA|3loy AHIMEE 3171 A= A
e wollA dF3 vlel &S feedback #|ojr|A¥lo] W4 oz Hesich, JFFY
A ZE feeder= 2| YBFE A|LF L ujojojo] AAEo] iwjo]lo] HME |2
FelHE YA vixshs 9L A "ol AFEFH L2 LWTE o] &3l o] F
A3, FBY F8 ulojojdX FFE &= FE|HY Pol WeBE o] FHA|AH
< TWo]o]F on/of fA|L S EH FHAARCE FFHE Fe|#e & AT

o|fF2 FFY I Fof ulel feederd| F-FERE|IE HAH3| HoldH Hert glct
Adjo]o] 7t B SFALH ] &3l FAHUE o feederd] FFREXE RIE=EA] 3
Z|gjojof jlrl FHAME AFUKRo|l HASF 7Y weldy go| Z|EAE 23
g BRoE FsERETL FAIBol st=tl, °o|& HolAH el T2 ulFHE A
ZEY T Uve ¥V 2 Y AM(capacitive proximity sensor)& o|&3lty. A
2t AZA AAHIOZTHE|S ON/OFF Al¥E= ZAAo]L A# PLC(Programmable
Logic Controller)Z U¥Eo| FTFEE|E AHeodtac].
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AZHE L Ao{A Aol AlRY PLC, MA, TEEE] 43 @ I zzte B4
ol thstol AFstaxt k.

1. PLC(Programmable Logic Controller)

PLCE= A]H A{(Sequence Controller)2li% E|-$H, UESHYHE AESlo ZHF
ARE Aofdte AT ZEIH I BRE 7|H317] 3 Re|E R AA]
X8 Hg 4 qrl. AAZE FA(Factory Automation)®] F¥7|7|Z2A FHYA
o] X3 glo] ApE3to]| E71AT A€ FRAFoI|TE 1 o] & Fele 3 [A
& AHojst= A|ARHOERE ZME FAZIAE JPEHE AHodtes WE ARE EFY7LA|
o g 7}z 7t Exj¥tct.

PLCE 4% JAFEERE X{Er} 0f-¢ 82 FXHEA 582 718, £3, %,
AAL 2R 52 xpE3 el de] 8&Hrh oA ZEpb] AA|H FAIHE A9
L AEy AR, tjRY A9 RFUY, = HA Y FAYEE A= @
nE AYALE ZHAYZK], FHLHA] T A UFo 3l FAstaL, JA HYH
L EE|, Az} 3] 54 F5& il midIR AT, rx|d FA|7] T8 EA| F
51§ Aoj¥rh olF UY AlZo thiyt &Y 413 2 PP PLCY F= ZED
o] W&o wlel ZFRct EZ A A} WHLU mpddl fxzel P2 FH-I
(light load)= PLCOlA AH FH 4 AUx|Th 34 EEL} tl¥ x|} YE 52 #
st AYEL §3 Heo|& AMESl T3 et drh. olg AYEL} £ d
glo], AYE Bao|#H 52 PLC 7 Fute] AX¥ 4 glcl.

PLCE= 3¢ & ulolB FAEA mlo]32 ARy YU vEeE FHLE 3= A
FEE 7850l drt. UdEY U)o} FAFHERY FAHLEAN A& UE
£5F7F olvk. E =2 vid(programming pannel)& o]-&3A PLC 2] w =2
of Z2OWE 7|§¥Uct. AHAE PLCY F2E A EA oL} Elo|e YA
gtal By 4~ Q. PLCE njo|aE FFEE FHLE 3t= A} FAojr}t. 1
eLt AR ALEx] QA= ulo]l3 R AFEL 242 dFH EYRstz, o]
Lt Bloln|, F}1¥EH ] AAetn Bzl JodH FE3lT).

_%_—.



7}, PLCE| o] & &

(1) B = Helo] of 1070 o]4te] Alojutof A= PLC FHo] YHH L& 710
ST},
(2) A BY : FF oix = >R PLC AAY &ol3}, Al 232 £
o|stel &3l HA T} ik i

(3) W78 &5 : sl 52 H4, 7|A Bx|ef Aopite] ¥R g, Al HZo
ciRt a8, wid 2 43 Fo 3 tlFoE dI|vt
e pal=g

(4) &%, X3} Heoiltol w3l B3] 2P 5 o3, 2233 2o]&
¥t A= Thesich.

(5) A&78 B4 « Helo], Elo|re] Eglgo] ZAste, 7] ZFo] upd ¢4 3]

AHEE 4 Sl

al
(6) R4 At : 4 BFol F3, 13 Axh]ko] Qo] 4T &4A WY 4

[ oA I dgo] Ao PLC Ao —I
SIE

I 7] 5 ch] Heolg AME3tE | 2o g oW Y

B4 Ao E b5 Ro} £ 7Hs
Aoluhge] 7hHa | wpy A sH= o)8le) Z2ag WARle 2 Fof
| b e ol AR E THs




Y AgolAE EA
Ax g By 49
Aofo] ¢

B2 2 HH

Ha42] Lol

713l o=

2] ¢] 27)

a7, Az 71zt

BY AAE ChE Role

AU 4 S

T2 St ot
Hojo = ALEEH
I

ol e
A

ol BgF= o] o|3fstaL
Abgto] w3, ZhehsjA
Ud7] &

Y= AwEA B

s=golel U1 A
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c}. PLCe] L%

PLC Qtoll= th4o] 449 Yaolu Eloln, FHLEIZL YRR glo], BF B4
3ta HA b AL 23 Yo} '

(1) 49 "dao] : X
PLC7T &J5-2] U A¢X|oA A2 E e X7 Y HyolE, 24 7]
T = XE AHE3ic). PLCY R ulE H4e Y ol viAEo] Qi)

(2) €9 Heo] : ¥
PLC7} 252 F31& F&3t= 8771 €9 ddolE 84 7|¥ &= Y& A&

gt PLC Yol theg] &9 ddo]7} glth

3) 7k &+ H : C
PLC wjoll= thd 1B 71 =] st 24 7|¥&= CE AHERUTH

(4) BF o] o : T
PLC uioll= T8 Ele|m7z} Qli1, R4 7|3& TE AHERIC)

(5) €9 Hdoly ¥ &5& HHNNY ayH) -
PLCS| w+Rof wjE M &9 HAol = AUTh

(6) X &go]: M
PLC o= T8 22 dgolrt i, 84 7|3 = ME ARREi,

gl T2 Ie] g



C}4e] Wao] o Zgagig FAYUL. olF Wols eHoT HIF ol
T olRg 2% Wl Priaw MTE AFHOET BeH vt B = 3
dol + 24 UI'T FHUCL T, 24 NI $usx gt FAE Aok

L =
P E 24 FHoleL = dx gtk tAIE PLCoM = 0~1,999 ARI7HA] §)
2

(A70ElY)elal o), oA FAtAOoT QF 10ms BT Zro|l HCH(2,000 AE]Q]

o, ZEEIYW 2| F7

T8 H8S S33 771 $iY 71955 Z23Y fR2ejetal Urh. ZETY
HE2zloe th&e 3F/7E At

(1) RAM + ujE]g]

tiH| 2 PLColl+= 2,000 £A¥1F2] RAMZY}, o|AE& BA #Xx|317] & vigl 2|7} 3
o] gl=d], VA RAM thilo] 8,000 A®Ie] RAMFIMIEE A2y 4% gicl. RAM o
Bele 715, 2SS &4 8Y + dervsg T2 HAo] W2 AlEAE A Y

Aol A iy,
(2) EPROM

7| Folut 4Ao] FER HA(ROM 2jolEjLl Eraser)E WRE 3tA|7, jE| |7}
ozt 7]Y3ta o BF nfe Hedic, HFo PLCoME= thA=E 8,000 Ax]E
o] EPROM FHHMIER X o] glo] FIHES a%e] o3 &4A PLCY F2L HAY <

yig= g



(3) EEPROM

7150t £A HEE FAEF ULE x| 5, I #of wiE |7} gl E 7|
& A%t dth 4,000 AE EX= 8,000 AR FIME wroF Eof Qlo]
EPROMEC} o] A X Zlo] v|x}x]gt RAM 3} EPROME] B A& An]dt Q]

Hl, T2 o1y vt

(1) 2232 s I (HPP : Handy Programming Panel)

PLC W] wlidE 7122 e = 37 #iF 71 2y =471 ol g =2y
vfd(HPP)ojtt. o] HPP= E]RE Flo]&XE PLCY H<4 Hr}. = o] HPP= ¥ PLC
o] sldE ®Bshe Zinto] ohja, &3 Aelo] dle PLC WHY F3E HFZAdl=
EUE, HAE 7= ZF3 ok I 2o HPPE| AH-of F2sjA ©]-&35h= ROM
eto]e] E&Fo| glo], EPROMO|L} EEPROM 7HH|Eof 3] =239 7| Joli} UES
B}ak 4= glth.  ole} A PLC ¢lo] £=elel =g My ¢)3 A ojuiy

X Qlth
(2) 2= 239 s§d(GPP / PHP)
GPP+= CRT o] &3t =iy T2y wid, PHP= EetAnt dpdHo] 2% 3

| 2% =232y sfdolrt. PLC7} ¢luiglx GPPL} PHP @t o s X2 a¥lo|n}

B 58 71SY 4 vk MY T2adolu} WHE &4 PLCo] A4HT)

1

A}. Feeder #|o]-& PLC] A3

B apalofA] 4ssjop st Ao} AlAMS Aulolo] 1 Ante] Aol YzHsiH u)



¢ ©desith,. & 2 7Y AMERY AYEE 2o} fEld UZBSE AlARS
HEl 2= REL] ON/OFF A3 & wo} feeding AT FESREE FH A3 ON/OFFE
3= Aol AlA”o|rt, U AR MR FHd= o cfd] Pdojojrt A5
olenT e AlARl B 133t deo] Aojite] ol PLCE HEFHE A
ey 31A = ATt

714 QY] PLCE (F)F8ATY 4%, 217
PLCx= PLC EX|(RY K32P-DR)& FHI|7|E KAlg]
KLD-100)2.8 FAE|o] 9lon, &L DC IN 1638, Relay OUT 16808 FAIE o]
oIt} o] PLC A|&R d5Aily W U&EY AP <F 3-1D3 <F 3-2>¢F Zth

= PLC ol K30 serieso|C}. O]
Z

L2 handy loader(model

2. MAi (Sensor)

oz FAAEH U Akl AFHelA fXe] HBolU Hol, AEA
g #F 9 3], BYE ¥ 59 Aol ¥e 2o Yt ANE A the

o] £FY 4 gtk

@D nlolaE A X|(micro switch) B 2|u|E A¢|X](limit switch)
@ 23 A¢1A]|(proximity switch)
@ HA M (opto-electric sensor)

@ RL3}MA(ultrasonic sensor)

)& Zt MAEL UETHY ATUHE AT YojA HE Belo] ulet YA M
oo} Rtk AZREY 7 MM B4 W yohdel tis] FESIAZ B}

7}. mlola g AL

A £¢xlolm 2n]E AQx2x g3 Ytk oA JAAHY FHFE A2



— 101 —

(<E 3-1> PLC 7| A}

(Table 3-1 Basic specification of PLC)

&t At g
M o 2 A Stored =218 YI=0{At
2l &2 x{|o{gtA 22 X2 [atA
‘A"a‘l %ﬂ%ﬁ 14::::"[‘1"
N o | V2 Y 155 - S
28 9 =I_"Hmﬂ1-srwi’—"‘—-_E o L
Me|ST(AlFHAEH) 6. OGuS/ -"‘“*"fd . _ ~
Zzgz gl 15K AEI(1536 AB])
P 2l%&3 PO00~P037(48%)
EHX Relay MO0O~M637(512%
M elay (512%8) 1Card=8%X
K Keep Relay KOOO~K317(256%) }
ol o] E} F =5 Relay FOOO~F1 57(128_"%1)_ o
E}O ~ ral
T 100ms 0|4 TOOO T095(9i|=-’) ) - L 3 Haio{0f wja}
P —] ~
= =2 . 10ms E{O|H T096~T127(328) _ - ] | 25} e
C FH2E| CO00~C127(128%)
S A8 BEZET S00~S31(32X X100 28]
D HOIEH 8bit) SiX|AE DO0O0~D255(25624 K| AE)
o & 72 E NERFH2E] 198, 2K BPS
I2EHBR Up, Down, Up__[)q_@_ng 7R E i ]
El O] H & & On-Delay, Off-Delay, ’ﬁ Monostable Retnggerable EP0|EH
7] E} A 51%13 7!:_;-.., _9600bps _" B
8|:||_F:3_ %435' 0~255
1088+ +
. 1eu|.E_ '?é% 0~65535
3 T |
8H|E H& 0~FFH
165_'@‘[‘ e e ey e e e ——— — e ot s e - - - T
16H|E E& O~FFFFH L - ]




AN _ . i . & ¥ |
= -DR —AR —-DR ~DR —-DT
By ~DS —AS —AR —AR
2= | -DT
) d 4 N ¢ | DC24v AC 110V =t AC 250V | AC 85~242V DC 24V
ONZE ST 19V 0[3} sovolst | = — [ - -
] OFFEEAY | svo 30voly - e -
33 F | 1omAE 10mA/H - - -
§ 3 3 % e 2A/E, 5A/8F | 1A/E, 3ABE -
= o P - - -
. 8 i{ A} “ e - Reiay Triac Transistor
| OFFAlFda® | = T - SmA Ofs} TmA Ol3t
~ OFF > ON SEAIZ} 10mS 0|3} 8mS 0|5} 11mSO|3} 1mS 0|3t 1mS 0|5t
ON — OFFSE | 15msojs| 30mSolst 11mS 0|5t 10mS 0|&} 1mS 0|8}
QS BHA | LEDOI| 2|8t RRIFA| '
¥ ooyoy | AC 1500V 122+
NOISE 1500Vp-p 1pS(N0{§e Simula{or) -

(¥ 3-2> PLC ¢J=Y A}ck

(Table 3-2

Input/output specification of PLC)



gerBw o FAZL A3, I&EI ST, A X7 FASIHEHE o= AR
o] 3S WOE 3= wrAo] Qrt. njolAE A9X|:= 1 Ao ulel k2 Yol

- &Y HHP

- QA FAHEY

o mo]AE A9 XF FEIIH vhE} F2 &xof AY 4 At

- QAAYA - EE 59 33 Zo AN Ho] YAEE olyo] Hul HEEHL
A% X

- AEAglA] : dmo] YUY wol olAHW AEIE 293

- AR LEVF AL o] HE AEep= 293

- BlEAgA ¢ 2ol e o] THHW FEHE A9

Ll 2 29

< A9 Fel2 mo|a R A¢9x] W 2n|E A9]x]Y JAAYA HAE F
33l HE A EY FFE FHFLE ZAESH= 29l F4Y 7[AAY
A¢1x| et v]ashd a&3, 0 4y, 2AEE F Aol dla, O FF deldde
AF3 WY, FALYY T FTHE EFHA WS FFY 2 29427 AR
= dUA JdE] AL vt 2 A9 5L e Rl

- 29 AGAE o AFAF et g, ¥& 1Y "t gk
- 25 Tl %% o] gl
- Wiols e £22 F4E] 9lo] JTHeFEel §li el An B4t



2 2 sjr},
- 9] BA(WA, AF, A1) FBS AY wx| girh

23 291x]8 §8& Eole thEd Hol =7¥ + Slth

- 43} Awjo]o] AAH
- AR W =/ ALR
- XZ7A

- FetAE 71370

- F37|A

- FZ71A

- 88714

- AFEE AN

- Alo] W RpFE A

- dz|ylo]lH

(1) 23 £91x]8 F3de]
(7}) 233 URE 23 A (inductive proximity switch)

273 AN TY AN AEW el 23 Tdo| 9o o U s
olo 25A|7I FZ e EAFPH HARE FHLBLE Ul F5A o AEIR
7l E3 ZeIde dYuiae] &4lo] wWAgith oA & HESIH SYAUIE LA
A 7= AMo|BE F&HA 8] HEo AHEHTL

(Lh) ALY T A2|A|(capacitive proximity switch)

BAELE A 2%Adde AEFdd FEISE 7HA| AL i, o] AF3} uiA]



Atojol] EA7F AT Ev SAY e AEFY #E W33 ofA] 1Y FHER
A 3t O HEFS AEd 2HAUZE UYBAIIE Belolvh. HESAe 2
SAE UYL LN, Fol, SEAE, & Foln F7|% LE|ESE AAUY B =
28] gl 73t

2) 23 &¢1x| AP

7158 AP AMSEHHI AL 27 W AojRx|e] dAHAZE 313}
of FICHKHE 3-3> XR).

(71 ZHeA 2Hdo 23 dY

-85 AN 245N RS AXded 220 U S o4 AQXE
AeiRict, 728 HE 24K AEE0 vlF50] €9 ok
252 3tA] d=tl.

- %% ¢ ®AAN FHE ASTEY €948 2 LA E AYRth oA
BEH] Eo] £ dLod 253E 3BT F oo} ¥t

(Lh) Aol 2]t il

B Aol whel xfojzt gl thylE 10~30 volt7tA] &3}
el #HZo= PLC Soll DC BE& Wol AH&3laL glen, DC B
AC ol v|3le FEFIIe7t gAY F-Fo weld HYES ulE
FF3HoF 3= ol glot

- AFY 0 AC HE tiANE 90~250 volt7}R] H2AISl= free voltage & A
$ X7} glth AC ¥ 24xo|2 R Yol B nlayE B3 E
A dAA AMgo| 7Hs3Ex|RE DC ¥Fof vste] &§ FIMT}
ST,

N
=
ot
=



g o3

) AE Aele A
g A =3 9%, £33 £5 3@
A Zéftgil-gj Lo Ad
SRS —— T/ 0 o Oy
17 oY= U+ % AR CEARAE PR
—— — AE AHel 2% o

A 717199 H&

22 dejo Hu

(E 3-3) 2H2¢x] 43 Uy
(Table 3-3 Selection of proximity

switch)



(Th) AEA o ¥ A

M B0l e A dusie QUHoz YFYA FRol: 2 &
A B che 1/20] A& Azl Ueh 24E Aes 4™ HAy Py
AE QAT Y F47} Bolx B2 fejsio} Atk @S Azt B B
29 349 4% Y Yot YUt

(2}) P Aol 2§ MY

- olY : REwol 24 A% FYstd 39 24 @B AR v
- B3Y : AEdol 24 ARRT Easld A2EN SYNAY nYyR)

AeAZE Z4A €& + Al (2, 9 &5 93-S Yol Us
C}l. )

(o)) 2% Yejo] & Ay

- DC ¥ : DC FY ¢ FUHAH(FHY, HAFZ-E&) NPN, PNP 5 Fo| glch
- AC & : AC ¥ 2] 74-% SCRA|of ulx] 0 F NO(Normal Open)®, NC(Normal
Close)3 o] gt}

(8}) oo|Z ctiXjo] 2|t ey
- ko] X : ujde] Zojst HojA ZFeU dx] ellel] ko]RIT W& B9,
AC B 23 24271 ICE &3 A$IA KT} o|Rof Zyt FHol

lemg o] A& A 1o} Fch

(3) 2L 2] &Y B4



- ARy 2 A9x
SUBAF NPNE S
FUHA PNPE Y
713 =¥ (0pen Collector)

- ARYE 23 L9A
(4) 23 £¢%] 4y {5
(7h) A& 728 EAY

=3 2%x8 HAeAz FAd oAM= EE AE He WHAY FEA HD
BRE thEt ol ARl

- 43 A2A : 24E BAE /1ES UR(Z&Ael $2)0] FZAA 71ED
ol 5y &F3 A7tz FEAIR

- 43 A&AE - 2E BAE /ER(AEW) FUSA o5 &S
FE S Ae7iA] EAIGTE o] Azl 3 #A A
upzt At Zof dis] T3 A AHoR sl FAHCE

(L) Za EX8 #12] 4%

23 2948 SAAAE ASA7 ATste] 2 294X FAY v A
3 AaMete] Aelg wPth EAAUE & W3, AY WE 5 39 249 ¥
shof whe} Tha WESY] G| 2 29AE GANoZ SHAFY AsiHE A
242 2ol 27 A9XE SAARCGE BA ¥ Wart gon ojRg 4AAs
2 Ptk EE FAAANE AU AS MR Ak Ho) 53 A2l 0% 0|tz
slof 252t MY 4 gt



(c}) vil(shield)/ &&(non-shield)¥ ] TFH A X F2f W

23 AeXolE iy, E&%¥ol dtt. E2YS S FY Aol A=A
Eetn g2 Re AAY G Wl A¥U 53 Az} sigyrct A AL
A& 4% 73 ok

43 F&Yele MUY A2

]

25 BEC 2% U= AR Y

O

| 25 3 FdHoly, 8% Hewol
% &o|stAl ThERCT.

(2

(5) F=5WH

(7)) AR 298 2H29A A4

- AND(R ) H<S : AF 9% 2 292 AND IS5t HS5H 2 L9
2|7t 5% FAsimol 2317 A ¥ith. AND HEA] &
A 2428 = 2 2827 N =S u] X3} Hte
dho] 2 24Xy & AU F3t +5 Mo FRE
nx|2] Q& FETIA] HSHo) JHestH PNP &9, NPN &
S YA A8 = gttt

- OR(BE) S : I/ 29y 23 2425 R A&G31E o8 719 23
2912 F 1% SAE F5t7F AE¥dUct. R HER
H&3t A8 4= e AeE ASGH 2 24048 74
AfFiol F3tod 88 vAA] ¢ BETA tieg &
ZAste] ALY 471 Qlem NPN 29, PNP €93& =¥
A AHEY” &= $iTh

(Lh) 3 &8% 2 244 A5



- AND(Z Q) A% I F 298 23 29K+ 3JE JEHL 231 ARY 7
gtk 270Y 23 £9AE HEE 3t AND HEZR A}
LY B o 22 Holl Fsjof vl LAY
AC 100V 7% &Y A &o] ¢gleH AND F3to] FHA|
¢3l, ALAY] AC 200V wfoll= Eeld A¥o] &4
(°R.1 e §

- OR(*BE) A< : 27) o] 23 £%1A& B E A&t

Ch AN

(1) 7] &

UHHH O Z FA(Factory Automation:E% AF¥)7} o]F o3 Z}F AofAAE &
o] YL 3= HEN, Tl sk Aoy, g &3 UAHYE FFol= X3}
52 A FELE FEHrt. AEE 24AE= ol FAE = AsAlo] FAOA
AEF § % Fa¥ 84 F o|FH, W& AR dl FE&F Ao FHAAN
ot migiM H&EE £%]1%], 53 FHE FAE = FAHANAME UE A9XE
EE = HE A91x] e} vj23hd Y &3 T2 J¥UE 3= HEr|eln 4¥ <
oitt. glal FHAME SAY FF F2 T3 %% 73] HEodAFE EA

a
mlo
)
i
29,
L
mr
2l
32,
L)

- By o] BAMME 2AV|9} £3V)2 FHHN, BHo] YNEE
A uapel] mpE 8slA AWl BHo] YXFHo| 97| wjEo
=RV RE U WS B4 437o] QA= A Z2
sl o] W Actsid AE ATJ} wAYTE

- AL A Bgjel £37]7) siLe) Mol Aol BHo] Ao FHeos
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gol glon] 4379 FR7]Y VAL vy szt FRIE
RE U RAL iAol alE] 4372 YA 2E B
A7t A2l A Astd AT} BPYT

- Y WA AL AN FR718 $2717} sk selxe] gle
TR/ SR U BHL A3 BNl 34 ¥ 3 Edof 1
AL 4RI T MARE Wol 29 AT E WY

(2) B AAM AEYKE 3-9> HX)

(71) Ao} &% Mu

- DC 3B : DC B2 AR 10~30V HelolA FARITh, DC B2 AC Fof ]

5t o] wWiER[RE F o Ml AYE w2 FF 3o} 3=

chEol slrh.

- AC

ot

. AC T2 12~24V, AC24~240V B gloA H2AISH= free voltage "
Noln], AC W Walol & Helolm2 IC Yol uistd $7 F1}
T7F Wt

(Lh) 2E BeElol o 4

- FUY  ME olF e FRE, 35 Y #E Fe AP AEE
AEshk= Zojtt. ZHE Azt A& =7 &3l Y BFAE 7
shvt % SAE A &3t v ofg o] altl

- HaE AR 0 FR7]M Hujoll ¥FE& AZol dlrlE o] Foll 4% 7]0
AR EIL o7]of] AZHCE Hhrgo] W A& AL A
Be AL 2N ZE3t= Aol BH ol Y AL
&°] 82 M= Z&dh=dl o8 &o] gt}

- 3 AR
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— AEEA Aol Qg A
A E €A EEaee——— S L P S
— AEEAY 27
r . S | e A
A C D C —_———— Y FEF I

—T ~— Loj= A 374
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3 83 & 2e%e 878 44T 4 A WAL Aelel Bl $857 4
100 KHz o] ¢¢] W4E 22TE UPAD + Yt ToR2gTpy
7}(piezoceramic ultrasonic transducer)& UAste] vl H AHzgld e EA
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L Eq¢ BALLUFF A}9] FA L @A 28N (=2Y BCS 018-PS-1-Y)E AR sHY
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(I3 3-6> FHEVEAA AN YA W A4

(Fig. 3-6 Dimension of capacitive proximity switch)
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9lo] ZAS S 2AE 5] AXE Oriental Motor AFe] AC RE] 260X speed control
o] 7FHs%t Unit Type US425-401 R E| e} Z&7]o] 4GN25K, R E] nhZE PALANE 7%
stadct AMAFH RBEL AIYS BHH, 2oled 250, dY ©d 100V (50/60 Hz), <
£ 90~1700 RPM, 7]E-E3A 1100 gem Fo|H, Zr&7|ole Zrsv]= 1/2590|t.
mltetr FEFEE A|ARQ 2F JPHSE Hele 3.6~68 RPMo] Hr} o] Fx2 7}
H S5 HeE £ feeder A|ARIY ZF FHE 8] HSKUTE (¥ 3-ToliA
(O-3-1000] RE L E 3 S4, BE L} Zrgr|ofe] x4, Ao FUESL A,

2|32 BE nlEE X471 el Qlth
4. Feeder®] A|o] A|AE]

2% A2 $EH feederg BitelRle] HX|3l AH 7He& 317] fI3iM = &Hd
2ollA a3 viel B2 feedback AojA]ARIo] HtEA] Wodich FFA A
H feeder= #E|H YBFY A28 wo]ojo] Hixio] Fiwojo] HE ]2 &
el ¥ AU ujX| 3= YL A Hrt A RFEEL2 LVITE 0|83} o] FoiZ]
al, 8L 544 dojojolN FFHE FelHY go] WornE o] FF AlAHS
w|ojo] & ON/OFF Ao 2H & A|AHOoT FIEE e & 2- )

o}t LA FEo] ule}l feeder?] TEREIE A3 Aoj™ HAst gl
ZAujo]o]7} B SHA Lo 23t FAH UL w] feeders] FFEEZ HIEA] 3
| Elojo} ¥ttt ¢ HoME dFURo] AGE AFe RelHe o] JEXE X
Y BRolx TFEE 7L BA|lof dl=dl, ol& #3ld Fgt T2 vEEE HA
HEY T AUe €98 T WM (capacitance type proximity sensor)g ©]-&3}3lch.
A2} Z & AAHNOZHE]S] ON/OFF A3 &= FA3A|o] & 4% PLC(programmable
logic controller)& U Elo] LEEEHE Fofsldrl.

v HAoflA Qe PLC, AAN, FFEE ] thdiA = oA A3 dF3HiT.
olF Aol 24EE ZUSIY feeder HJAARE A5t TE A= vtz
AsEAtolel F, & F &4 A 2707 AA|EA QlojA Z&E ARl [



US425-401, US425-402

1800 — 50H2

I "
1500 ‘ l

o=

- 1\
-"‘ Safe-Operation Line:60Hz
500 1 [/ lllllllnmlr

Speed [rpm]
‘1

‘

Safe -Operation Line:50Hz

| / #” Starting Torque
0 500 1000 1500 2000
Torque [gcm]

(A% 3- +sEEH EL3 J7

(Fig. 3-7 Torque characteristics of driving motor)
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' US425-401, US425-402 (Pinion Shaft)

Motor M425-401 /Gearhead 4GN[JK Weight 2.25kg « Key and Key Slot scale 1: 2

M425.-402 (Gearhead is sold separately) (Key is provided with gearhead.)
*

~159(169.5)- - |

[ 95 '4"“(143225)'""|' 32 - ;a

:F'“? | S 40N

0.5 ¢ tog0 oJ

) I.-._25—— I-._25‘£U?——I o 2 I—-I .
s v C ] t D :F

mh mlk mir o o s

“l,

oy
S

Lead Wire with Connector
250mm long

Conngcgor

Asterisk (*) indicates dimensions of 4GNJ3K ~ 18K, the figure in parentheses indicates dimensions of 4GN25K ~ 180K.

(Od 3-8 FEREY B4 W A

(Fig. 3-8 Dimension of driving motor)
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® Control Unit Weight 0.45kg

Common to US206, US315, US425 and US540 types
US206-01T, US206-021

US315-01T, US315-021
US425-01T, US425-02T
US540-01T, USS540-02T

Power Cord 2000mm long

(Lead Wire 2000mm long for

200V P |
Lead Wire with Connector 0OV Power Supply

500mm long

(¥ 3-9 F-EFRE L] Aojf

(Fig. 3-9 Control unit of driving motor)
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(Fig. 3-10 Dimension of driving motor mount)
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AR 3-1> A& Zuo]ojoll ZF2H feeder

(Photo. 3-1 Feeder on test conveyor)



(AMR 3-2> Feeder A|AEIS] & A}z
(Photo. 3-2 Side view of feeder)



CARRL 3-3> #lollA U3t £ feeder A]AE]
(Photo. 3-3 Top view of feeder)



(AHZ 3-4> Feeder?] ™ AlZl
(Photo, 3-4 Front view of feeder)



(ARl 3-5> Feeder?] ¥ Apzl

(Photo. 3-5 Rear view of feeder)



(AR 3-6) Feeding ARG 8] AMA] A}R
(Photo. 3-6 Detail of bladed feeding cylinder)



s TET

A1 3-7> WEe] A AH2
(Photo, 3-7 Detail of cam shaft)



(AFA 3-8) PLC 4] 2} handy loader

(Photo. 3-8 PLC main body and handy loader)



(ARl 3-9> Feeder A]AEIL] 2 11(])

(PHoto. 3-9 Feeder in operation(1))



(ARl 3-10> Feeder A|AEIL] 2tE B £(2)

(Photo, 3-10 Feeder in operation(2))
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FEEDING CYLINDER ASSEMBLY
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1. FEEDING CYLINDER SHAFT
2. BLADED CYLINDER

3. PULLEY FOR CAMSHAFT
4. PULLEY FOR MOTOR
5,6. BEARING ( TYPE 6801 )

TITLE FEECING CYLINDER ASSEMBLY
| ScALE | umir F:-m. NO. wmm\;‘ DATE VAT L

MM | 1 - A 1 8/20/1993 apos:
DERT. OF MECH. ENGRG.,, KUM—0OH N. U. T.
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FEEDING CYLINDER ASSEMBLY 1.

| ™M | BLADED CYUNDER SHAFT ]
|

[ scaLe | uniT |Dws. NO.| QuANTITY |  DATE MAT L
MM |t~ 1 L 8/20/1993 | SM43C

e

DEPT. OF MECH. ENGR
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FEEDING CYLINDER ASSEMBLY 2.
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DETAIL C

nne | BLADED CYLINDER
| SCALE | UNIT | DWG. NO.[ QUANTITY | DATE MAT L
] HN:1 - 2 ' 3 8/20/1993 | A6O6!
DEPT. OF MECH. ENGRG., KUM—OH N. U. T.
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225

13

TITLE

PULLEY FOR CAMSHAFT

)

SCALE

MAT |

UNIT |DWG. NO.] QUANTITY | DATE
MM 1 -3 1 8/20/1993

-F

MBsR1

DEPT. OF MECH. ENGRG., KUM—OH N. U. T.
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FEEDING CYLINDER
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DETAIL A

i

PULLEY FOR MOTOR

DATE MAT L J

8/20/1993{ MBsRT

TITLE
SCALE | UNIT :Dwr;. NO.| QUANTITY
MM 1] — 4 1

| DEPT. OF MECH. ENGRG., KUM—OH N. U. T.
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CAM SHAFT ASSEMBLY

B35
@12

40 %) 60

L '_Jm‘_‘ 100

100

1
s

400

1. CAM SHAFT
2,3,4. CAM

5. CAM SHAFT PULLEY

6,7. BEARING ( TYP

- 6801 )

SCALE | UNIY

MAT L

|

ks ‘ CAM SHAFT ASSEMBLY

DOWG. NO. mmnwi OATE

2 - A k 1 8/20,/1993| A6061

MM

DEPT. OF MECH. ENGRG., KUM~OH N. U. T.
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CAM SHAFT ASSEMBLY 1

400

TME | CAM SHAFT

SCALE # UNIT jm ND.

—
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2 -1

. =

QUANTITY DATE
1 8,/20/199

MAT' (
3 SMAEC

|

= |

DEPT. OF MECH. ENGRG.. KUM—OH N. U. T.
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CAM SHAFT ASSEMBLY 2,3,4. ( CAM )
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TME CAM

SCALE | UNIT {DWG. NO.| QUANTITY |  DATE MAT L |
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DEPT. OF MECH. ENGRG., KUM=~OH N. U. T.
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DECELERATOR ASSEMBLY.

150 o
.

350

1. DECELERATOR SHAFT

2. DECELERATING ROD

3,4. CONNECTING BOLT
5,6,7,8. NUT

9,10. BEARING ( TYPE 6801 )

I
TILE | DECELERATOR ASSEMBLY

| SCALE | UNIT |DWS. NO.J QUANTITY | DATE MAT L

MM {1 3 - A ‘ 8/20/t993| AGOS!
DtPT. OF MECH. ENGRG., KUM—0OH N. U, T.
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DECELERATOR ASSEMBLY 1.
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SECTION A-B
TITLE DECELERATOR SHAFT
SCALE | UNIT | DWG. NO.| QUANTITY | DATE MAT L
rw 3 -9 1 8/20/1993]  SM45C

DEPT. OF MECH. ENGRG,, KUM—CH N, U. T.
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LOWER PLATE
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LOWER PLATE

SCALE

i
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DETAIL A

l e ! UPPER PLATE

SCALE | UNIT JOWG. NO.| QUANTITY |  DATE MAT L
MM 5 1 8/20/1993| A6D61

DEPT. OF MECH. ENGRG.,, KUM—-OH N. U, T.
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SLIDING PLATE
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