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SUMMARY

This project has been done to develop an automatic grafting system
suitable for fruit bearing vegetable seedlings. The study consists of
four research sections: (D development of a small-scale, low-cost, and
simple grafting machine for an individual farmhouse, @ development of a
medium-scale, low-cost automatic grafting system for cooperative unions of
farmers and commercial seedling production company, @) development of
techniques for environment controls which can improve the graft-taking
rate and growth rate of grafted nursery plants, and @ commercializing
research of the prototypes.

Results of the research were summarized as follows:

(1) Investigation and Analysis of Techniques Used in Graftage of A Raising
Seedling

The survey, done by the Ministry of Agriculture and Fishery of Japan in
1990, showed that 90% of water melons, greenhouse cucumbers, and egg
plants were cultivated by the grafted plants, and 80% of melons and
greenhouse melons were cultivated by the graftage. The remarkable thing is
that 59% of the crops investigated in this survey were cultivated by
grafted nursery plants, and the cultivation by grafted nursery plants have
increased every year,

Among the various grafting methods, an inarching graftage is performed
in most fruit bearing vegetables except egg plants, and more than 60% of
melons and cucumbers are cultivated thorugh this grafting. Another method
called an insertion grafting is mainly used for water melon, and a cleft

grafting is for most egg plants. The success of researches for automatic
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grafting depends on selection of the graftage.

The prototype semi-automatic grafting system developed by the BRAIN of
Japan in 1987 could graft the cucumber within 5-6 seconds, and showed 91%
graft-taking rate, The later improved system made feasible 3-4 seconds of
grafting time. Recent ones commercialized by several companies, however,
had a disadvantage of relatively high prices compared with their functions
and operating days,

(2) Development of A Small-scale Simple Grafting Machine for An Individual

Farmhouse

The cam-driven portable Yupoong grafting machine developed in Korea was
thoroughly analyzed to improve its functions, The circuit board equipped
with 68705 programmable controller replaced the original one to ease
controllability of the machine. To grasp a grafted plant, plastic clips
and clip holders were developed and clipping mechanism was designed and
assembled. The mechanism for ejecting clipped grafted plants was also
designed and developed.

(3) Development of A Medium-scale Automatic Grafting System for

Cooperative Unions of Farmers and Commercial Seedling Company

A labor-saving grafting system was designed based on the price and
operating days. The inarching graftage was selected by considering
acclimation facilities, graft-taking rate, objective crops of grafting,
etc. The system was developed in a scale being appropriate to cooperative
unions of farmers and moderate size of plant factory.

4 prototypes{lst, 2nd, 3rd-A, and 3rd-B) have been developed. 3rd-A
and 3rd-B prototypes have been tested and modified for graftng, It,
however, still requires more experiments of grafting exercises for
commercialization, 3rd-A type has been developed via modifications and

partial redesign of system components of the lst and 2nd prototypes while
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keeping the basic design and function of mechanism and system layout.
3rd-B type has been developed under the new concept and functional
mechanism, However, the control algorithms, functions, and hardware were
almost similar,

Both systems were composed of a batch type semi-automatic buffered
feeding unit, two sets of pneumatic manipulators mounted with specially
designed gripper for handling scion and stock respectively, rotatable
piercing cutter unit with specially designed ceramic blade, and automatic
clip loading and feeding unit. One-chip microprocessor based controller
including /0 interface and driver board were built to control the
actuating sequence of the system. One main operator with one helper who
delivers seedling trays and grafted plants were required to operate the
system,

The success rate of grafting was expected more than 90% after small
number of sample grafting experiment. The failure of grafting was mainly
caused by the non-uniform size of seedlings, Variation of the thickness
of hypocotyl resulted into the error in positioning of the piercing cutter
and the loose contact between the scion and stock seedlings. Neglecting
the labor for preparing plugged seedlings and relocating grafted
seedlings, the grafting performance was expected about 900 to 1,200
seedlings per hour with one operator.

(4) Development of Techniques for Environment Controls

To improve the efficiency of automatic grafting and decide the graftage
method, characteristics of the stock and scion were analyzed and
environmental factors affecting graft-taking rates were investigated.
Researches showed that plant heights and hypocotyl lengths of the stock
and scion sold in the market were very different even within the same

variety and between different varieties. In case of insertion grafting,
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cleft grafting, and root-pruning insertion grafting, the stock which had
thick hypocotyls and a little long lengths was desirable for grafting
operations, and stocks and scions having the same length of 6-7cm grafted
better than different lengths,

A nursery room for grafting plants was designed to control the
temperature, humidity, and daylength. 25C temperature, 90% relative
humidity, and 12 hour daylength during 4 days were maintained not to
stress the grafted plants. However, environments of an acclimation room

gradually changed during 7 days to adapt in natural conditions.
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HE3 Y 542 wF 10dF 2Astaded, 54 A5 #2Ae3
A5RE BAZ = 2%, WEY & ZAIded, WP AAHRE
FE 2AGAAR 7, AdFV= AGIA $¥A AGAPRYY Vs
72t 5% stodch

ke ALELE RAIRA A Ha e U 12858 FAY A
(E 4-4), 2B 8.4-4.8cnZ FF ol zloj7t nf¢ Hstdz, wi&3 o4
5.5-2.9cn® zloj7} H3tth. wiEFII= RE FFol AGAN Uyl 7he
a2, &7 Yo F2d, AGANYV WEFL 2.1-2.6mn, HZHYY
S 2= 4.0-2.6mmo] 2T}

E 44 o H 54

B3 |28 [t B ey | e 8 )
Z+a] 8.4 5.5 2.0 4.0 4.5 2.6
ol - 6.6 4.9 2.0 3.2 3.8 2.5
HE 7.5 5.3 2.0 3.3 3.6 2.1
=3 6.4 4.7 2.0 3.4 3.8 2.2
2tcte} 7.1 5.2 2.0 3.3 3.5 1.9
Az 4.8 3.2 2.1 3.4 3.6 1.9
2= 6.5 3.9 2.1 3.3 3.3 2.2
24 6.7 4.8 2.1 3.1 3.7 2.1
%2 6.7 4.4 2.3 3.6 3.9 2.1
Alchgt 33| 4.0 2.9 2.4 2.6 3.0 2.0
£=] 7] 6.0 4.4 2.2 3.6 3.0 2.2
[ A AN 6.0 4.6 2.6 3.4 3.0 2.1




2o J4EHS HU(FE 4-5), 2L 51-7. 1cn® ZE210] zjo]7} vj$-
MR e Yepytch wiEIAL GA] 2.2-4. 1cn¥ FAo|A 7L AR ZAA Y
Bttt wiEF7Ie etz del U3 mjel xjolzt g¢le] 2o 1.8 -
2.3m% FFZ Aojzt dlzAy AHdch  AFHLS 2.9-3.4cm, AGEF2
1.8-2.1cn2 ¥|23 FF T zoj7} e Ao yeldon, 53] w3 i
% 713 22 Ao zAbEgich

=45 29 449 B4,

D B R peparrar: e e IPEPTPRY PP
A ANYR | AAYY
=Lk 6.2 2.7 1.9 1.7 3.0 1.8
ZA A 4.6 2.7 1.8 1.9 2.9 1.8
FxcA2d | 7.0 3.2 2.1 2.1 3.0 2.1
ZAciPd | 6.4 3.3 2.3 1.7 3.4 1.8
sheA2A 5.1 2.6 2.0 2.1 3.0 1.8
BRlo| A 7.1 4.1 1.9 1.9 3.0 1.8
A& 5.8 2.2 2.0 2.2 3.1 1.8
b2 6.3 2.5 2.0 2.0 3.0 1.9
o Z 3 6.6 2.8 1.9 2.0 3.4 1.6

T2 AEAME she Z9Ut vle =2d, IR H4L5HES AR
A= ¥ 4-63 grh,  XAL 7.7-9.8cm, WAL 5.8-8.3cnT 4uf, 29,
20]2] 1.5-28) Bx ZALch wiHAF oA] 5.5-2.9cnE xlo|7} ¥t Reg 2
g gt 2E £59 wiE 71 AQAN ol stex, Az Wyl &
o, 2o B¢ AFANYe] wi&F- 2.8-3.7mm, FZPPL 3.3-5.2mT
a4 TR Mg #E A2 ZAMEch

I3 4-12 AF AEY uF 9 Feo o vl delE BojFEc)
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338 41 A5 ARY oF L Fe Pelot uid ey
1) 122} 2) T 3) FF 4) vlEe¥eiL 5) %
6) Fot 7) ¢FThEF 8) 42 9) 0] 10) A4

E 4-6 T} FJ4o A §A.

822 7] (on)

EF % |2%(«) A% (m) ECEEEDIERDT, g3 (cn) [2HE Z(cm)
HadExdnt| 7.9 6.4 2.9 3.3 7.0 3.4
ER223ut] 9.3 7.7 2.8 3.8 7.0 4.0
oj&ojZu} 8.5 7.0 2.8 3.4 8.1 4.4
43 u} 9.5 8.3 2.8 3.6 7.3 3.7
IR, 8.3 6.5 2.8 4.2 6.9 4.4
Ryt 7.7 5.8 3.7 4.2 7.3 4.8
chu} 3wt 7.8 59 31 4.4 7.1 4.7
2712} 7.8 6.2 2.9 4.0 8.0 3.6
ARFIVEe| 8.1 6.0 3.4 4.0 8.6 4.5
ARFAJBY] 9.9 7.2 3.7 4.8 9.1 4.3
3FIUIY| 8.2 6.0 3.6 5.2 8.0 4.1
dFoj 3t 8.1 5.9 2.9 3.8 7.5 4.0
F- A kA 7.9 6.0 2.5 3.3 7.3 3.9
2pAjof 2} 7.7 5.9 2.9 3.6 6.9 4.0
Qo) Fu} 8.9 7.2 3.1 3.9 7.7 4.4
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AR 0] P4HEE AR A3, F 4-73 #oton 233 wiEF%
o] ZtZ} 4.8-7.6cm, 3.6-6.7cn® FF Y ii°l7} A Ae= yeiulch i
F71c 1.6-2.4cn2 Hejo] F-eot viwstdch 2y AGHLS Scould, =}
AFHLS 3cou] 2 o3} PRk 2 3¥E Uehidrch

E 47 20] A4e) A B4,

g oz |29|9ane ) L) | e E
2t AN | A 2y
AeZAFL00] 7.3 6.2 2.4 2.2 4.8 3.2
BEZAF Q0] 7.6 6.7 2.2 2.2 5.8 3.1
E2F njrjeo] | 5.5 4.7 2.0 2.0 5.3 2.7
FAFQ0] 5.8 4.9 2.2 2.4 5.1 2.9
B AE Q0] 6.0 4.4 1.9 1.7 4.7 2.6
H32/8 0] 6.6 5.3 1.9 1.7 4.8 2.7
3§l 6.6 5.2 1.8 2.0 5.2 3.0
XFAEL] 4.8 4.2 1.6 1.7 4.0 2.5
gh2 A 2 0 o) 6.4 4.9 2.2 2.2 5.8 3.0
HEB L0 5.7 4.6 1.8 2.1 5.8 2.8
411 5.7 4.5 2.0 1.9 4.8 2.7
392 20 4.9 3.9 1.9 2.0 5.1 2.5
B AN e0]] 5.2 4.0 2.2 2.3 5.8 3.2
s Alg 20] 4.8 3.6 2.2 2.0 5.5 3.0
A &uj] Q0] 4.9 3.9 1.9 1.8 5.0 2.7
HYaricts] Lo 4.9 5.4 2.2 1.8 4.7 2.6
Esyciciriel| 5.9 4.2 1.8 1.8 4.7 2.7
MuojycicirlQel| 7.4 4.8 1.7 1.8 4.5 2.7
Y3t 0] 5.6 3.9 2.0 2.0 4.7 2.8
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0}, Hee] tjFog yol o]&x3 Q= AEH(Cucurbita maxima X C,
moschata) Al B2 XAo] 7.9-13.3cm, vl o] 3.5-11.1cnE AH4=Ql Fu} 2g]
Br} 3 - senBE o FS ZA2E YElHTHE 4-8). ootz 20l &
o8 F2 o]&H: FFIY 23 wFPL ExtF visld B2 o=
ZAtE oy, vi&RFL 2 lol7t g AR Yeluich

E3 ub, A, Q0]Y tjFog o]fo] AxHI e AFHFS 2343
Aol 2, wiE F7E 1.8-2.6mE H4 EF Rrl f st Ao
g ot

ko] cfBog o|fEE uhE ZAo] 4.6-7.8cm, wiZAo] 3.6-5. 8cm,
MEF7IE 2.5-3mE FF 7] zlo|7} vz F Roz Yeiuch FEFHEE
Boaztente] 2ol 1A ZAx, ZFAEIt FR 1000 & 2Fo] 7M1 @2
Ao 2 LIEUTH E 4-9).

2 =4

E 4-8 E2F 9 7]E}l i 5 54,

B oE |24 | ) [ N A 3 ) | 12 )
AeEE2 | 8.1 6.8 2.7 3.2 5.0 3.2
=oHEzt | 7.9 6.7 4.0 4.3 4.4 3.3-
772 E 2} 11.3 10.2 3.5 4.3 6.6 3.9
AZAE2 | 12,9 10.8 3.6 4.4 7.8 4.4
AergEz | 11,7 10.2 4.8 4.6 9.4 5.1
FAE2} 13.3 11.1 3.8 4.5 9.1 4.7
AER | 10.7 9.4 3.1 3.6 7.9 4.3
AEEE2 | 9.5 8.4 3.7 4.0 6.5 3.7
2&2E2 | 12.8 11.0 3.9 4.5 8.2 4.6
EEz 11.6 10.1 3.6 4.2 7.7 4.3
ez} 12.5 10.6 4.1 4.1 8.4 4.4
EZx3Fnt 5.8 3.9 3.0 4.3 5.5 4.4
s 4.8 3.5 1.8 2.6 5.1 2.9
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e E8ol wel wiae) Zr1el Folo] Aoy} weu, Yoz W
o) F7l o] Tuo] ula) FH= Wolm, AE3 TUFE FFub] ug)
eRos zAEAT WA Zolt wo} Fof xe} gEHelol Wt
o7t ot AEHFUFE TPMo] ot oz WuiEEe wol ¥ exg
sEdelo] folsjor Roz AlmAT)

Aol wj2e AT b2 Zold B 7$AY BE A, ¥, w2
Ae) Aol tiBe wiZo] Fom ozt W ol uitxsln, Y
el 9ol thE wjEel #7217t Yol ulE) olBE F ol upetas}
th B8 3HY ASE Uiz F4el wjEZols} 6-Tcn RES Yolol HE
o] golt AoE Zabsgith,
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E 49 AR 2ojBe 20 54,

B3 |2 Maa) e ) (495 )
AR 7.8 5.8 2.6 3.1 5.2 3.2
i) et 5.0 3.4 2.8 2.9 5.4 3.0
2 2 2t 6.9 4.9 2.9 3.0 4.9 3.0
¥t 6.4 4.5 2.9 3.1 5.7 3.5
Lis 2 5.7 4.2 2.5 2.8 5.3 3.0
FR 100 6.2 4.5 2.2 2.8 4.5 2.7
FR 1000 4.6 3.3 2.5 2.6 5.0 2.8
FR REA 6.1 4.1 4.1 3.2 57 3.1
FR StEA 6.2 3.8 2.7 2.9 5.6 3.0
4H7R 5.6 3.5 2.7 2.9 5.0 2.8
b} 7.3 4.8 2.6 2.9 5.3 2.9
SHEY 3} 5.9 4.0 2.7 3.0 5.1 3.0
N E 2t 6.7 4.9 2.3 3.0 4.8 2.8
FR ) 5.6 2.3 2.7 3.0 5.0 3.1
Yopay 6.6 3.3 2.4 3.4 5.6 3.4
¥ FRIO 6.3 3.7 2.9 3.2 5.6 3.0
W FR&2} | 6.2 4.6 2.8 3.0 5.6 3.3
M7 23| 5.8 3.7 2.9 3.8 5.4 3.3
A& 7.1 5.0 2.4 2.8 5.9 3.5
Y3 7.2 5.2 2.7 3.0 5.9 3.3
R E 5.8 4.1 2.7 3.0 5.9 3.1
utgd 7.0 4.2 2.4 2.7 5.6 3.1
AR (184) 6.8 4.8 2.6 3.0 5.7 3.0
FUb K 5.5 3.8 2.4 2.5 5.5 3.3
FR 2AE3 5.3 3.6 2.4 2.6 5.8 3.0
ZA1d 4.0 3.6 2.4 2.7 4.1 2.5
R 253} 5.6 4.0 2.5 2.7 5.4 3.3
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A4d FBRAe] e YEAS

ASYgol o ¥Y 9 YEES B/ AP FJEPIE dY¥staz
AEgygol mE ¥AE Q H4H §& AL ojul o] &% AEL i &
< A, Fee sR(EILE, FHPHL TH(IY 4-2)2 BAA
H5E Fol 4BYE AATE, 82 HA ofefl len? 2 #EFE 40° =
Zx2 folAM ollE AP vied, oid ZHY ol wMiFFNY 128
stadch. Aee 30° A= Ax2 otefolM $12 L& i, iR A
ol 7hgolM ZAL Zol& wi&2 2/3 F= AA stdrh ol ciFz A4
23 FE& UEUA 712 e, AR Y22 7 HES HeUydA
AolA A2 .

HE(OE 4-3, 28 4-4)2 BA &S Fol FAAS AAVFE, ol§ 2
F51A 713 thuF FHo2 & “’—19101 Holx]7] AJz FFofA Hel A
N WELR 4T vlAEY FEE FATE FEL A4y F71 ©wE ZA 8
31 BEY 7172 ol FF8l wir) UPolM B F=2 sttt oo H
T& Fob HolA 5~7m olel§ EF My RPog zto} A}ES], A4 2t
1 B& olel2 3] th&e] T30 Adstded], zd A4 wi&e 8 FEo]
ths xtd ulZ olfollA Role F== 3iyct

O

3% 4-2 34 geh 1) 4440 2) oiEy 3) 31
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38 4-41) A 2) BgET AE.
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1. AEYRg

AT 33%e) AR A=Wy VARG HA(E 4-10), YL 89.9%, 4t
He 82.3%2 AYRC} 3ol o 8% AT &S FZUALS Uehirh o=
FHo| thEat A4 eyt B oo whste], ALELS M4 Me Hos
25| "t Aokl wZol A4 thFY K277 5O thBojg $E
3} offo] FIFHDE Ago) thh ol x|k Ao AR

t

E 4-10 HE54dd ¥2g,

A5y 33 AHd
2L (%) 89.9 82.3
2. E¥ 823

BN BAAS RA(E 4-11), TAHo] Aol vt 23, 4, gdid,
BAF R FEFT EFAM gA uvebdted, Ak AL 3y > 44 >
FAHF &ololch

SRAY Foll FRUHo| )¢ YA ez FHAF AZRE FFRO
dlste felo] Udgde] ol mletsig=nl, EFVHoM KEIA HA FER
o TR Bade o]  AolE RA Aoz Aztsich

F 4-11 A5HE B BaA,

4By 2% d4 | 883 | BAS(gr/F) BES(gr/F)
(cm) (of) (af) | A [chE(Fe))| A+ [cHE(Re])
33 16.7 6.4 124.9 | 5.49 1.42° | 0.52 0.16
A 15.5 5.7 123.7 | 5.36 1.41 0.50 0.14
E3E | 14,2 5.5 111.6 | 5.02 0.42 0.49 0.08
g &y a2, oiE5: 9
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52 FEF AN ahE ¥y

1A -8 PRl wt2ibyel Yo wiste] AA|shgo] golsict
2 2ol gleh  chFEe ARIY AR AS wlad FHol folstz
AL Y YRLo] &2 EnlE: YHLE, 20|F HIRY YFE HgEct
e BelE 2sta sdch

o714 A3 B¢ WEELAE o1 83iA =Y FF¥AF ¥ 9 4R
g A% 33 9 Y BFA] AJdo] XA Hesith A &
dellA Agstaxiste FH7Ie Rl vy AAF F s Aol AA
Hgo] 7hel THWENY AEFJI&S AYsided A Z9 Y 4R
33E THARY 5 A= Aol Atk

AEPY w2 B2 F=E B8] $ist] FEUH & & 40
3 gl AFAEE ¢ FHEE S M3t

1. FSPEE 28%9

o7 w3t oA F2 ol fEHE FEWPI TAWAY AAUAS
vl HEsigct.  FEPH uietd 1005 FJFol 28 AT THY
B 192, A ZF 532L= Alyol Tl Hisly £2xFo] H2 Ao
E ZAHACHE 4-12). ole FH AT U5 uigd A U Z3 AA
285 Aol Ape ol v THe F el glo] wo] £aH7) ofE
ojch. HE UFHEE 402 AITS A Bd ARej 4E 202-302, JERY
ojMe] 6-72 W7t £2F =0 W, FHol: 425082 Y2 A[e]
£8FBE FYAUE 317 A= FFLe ATE DHACl ¥ Feg
2ehE] gic
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X 4-12 3EHd YR4LL A7

AEYY | MR As ol | wiAxt| FYMA A

s 3 45 20| 508 7282 | s 22 |72 8x | 76% 382
(2.6x) | (30x) | (4.7) | (4.92) | (4.72) (462 )
A A 45 302 |42 30| 68 102 i ) 53% 10X
(2.72) | (25.6) | (3.7x) (31.92)
& : o, He o 3 £, () 2 13Y 20X

2. A3 A5xE AY

7 48 2242

2 758 o] ABYEse] A YEUYSEE E 4137 gokch
A&4EE 1A 12 AFsheo] 14271 225 0] 14]700] 25038, 2947}
100 360% A7t A8=glc]

AE4YE 39 122 Susiade, 12 YL} B} 4o 2E
£ FI3he 199 Rzd 123 U 18e YEY g EEo] gAML
NAS ABY Aol AP 4ATo] BAst Qo] 1A AUZFo|= 3]
AxEgou, da 4ddel el 2eAZRE 2 Begle]l Aol shssidl
th 32U -anbAs A4l YR wel HEAQ QUL $%o we
Herg i},
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E 4-13 23S ARAPSEtAE FHLe AT

AEALd&EE 12 EBEHE(R) 1A P J24(2)
15HA 14 250
2%HA 10 360
3THA 8 450
4%HA 6.5 550
. 3543E

AFEB ol SRYFIZA THPol ¥ FEYHe AFAES HAY
A3} of 9% HE 43E&E HArh d29 F2 Y{HY AFI|Er} 4F
&o] H2 olfe £5} T FIA L= F=7H AGAY SHR
A3 R3] AU Fo7t aFHI) wigoletn AlgHTh sy Fad
o2 £53} thFe od, tiFe AU U FH HEIL chFY
Achiol 719#]#] 4S5 Fo2 5= Ach

T} Bag

AE 33Fo] ZAR FIUYE VHLS BUE(E 4-14), 1949} 28k
HE 87-88%01Ql oL, 3RS} 4THAlGE 72-73%2 oF 15% FE Wgo] W
oAt I HL 89.9% AIHL 82.3%% FFo] & 8% AT HEH2Zo] A
Uelith ol 12l NE RAS 7} APsiL 3-4TtAolNE =7} el
227} Aj2 HBatd g Meix] Bslod Wago| wold oz AztHL)

E 4-14 FEHAS0] b2 BYE,

A53d4= ¥2g (%)
1A 87.3
2% 88. 1
IHA 73.5
4ctA 71.7
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3. A&EPA & JA2} 4

Y& 22 Mool A (plug-in method)& ©]-8% 7|AI%} AFS
332 Qo £5& d3yos Za £§ hHolx Y32yl IPE o}
sh=dl FUxot 2APAIZ FHA EAHo] AUt A2 ALE ugsiA
HIgAHoIY BHY F97t dA 71AMY £} glon), 828 Hol7) ¢
¥ AU VAR MuE]sL Wesith W 3PS VALL wols] Y 3w
3 BRAl= 27EHA] dou ¥ARF H4Fo] FaE Anksjof 3l R
Zgdo]l Wasicl, FujddE nystd YW BAA O A ARlL] BZo] oA
ArE]ofolA] U tiF-EY AFo] A AlHoME EIitte] T Ryt
¢ e Ad SRUME SR Ao vivrxgdnt.  alety FS5Fo) #
e 4%¥& vl 9 e 3PS o8] JAZS} Bt st Eof

AH6d Frot thEe] o3 34

|Re] HJFAEARE MM KEY EQA 2AE B3l SB J 59
H2E 2A¥ 72AE2 BRY 5 ot AF FFAACE FRE Wsln
BFAIIE HABolM BRE EHL= wEAdS rh wietd AU B
< A 2 &Y W Aol iy Y A= & mpebste AL Fesich

1. &89 E4x &3 18 ¢ ¥y
7}, ZARE U 95N

282 ol AHEH {RE FFEOE Qo|(AFZAR) 1008, i
A, 1008, H(ZH) 1002 AHEsigdrh. =3 Qo] &Fgog
(FR-TOP) 1002, 3¢ o 4ute] ciELos Iuwh(ARE, JFIu) Z
10024 ARgstdch =} SR B4 ZAYFOoRE £F, 2Zo], w2
ol, i Z(AtgAN, AZR), Agdol, AIF W viAtAY L RS}
(X 4-15, ¥4-16). §E2 7= WML E o] &3l ZAsigc}. AMA 4-5
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WA 4-62 77 BZEF AMRH 3R U 27 &3 2QE Uehy
i,
E 4-15 J4+2 AHE RRY 54 (29 m)
1A )
g8 | =ael wael [T TR e g | des
20(FBZUF)| 228.4 | 156.9 3.2 3.1 54.2 30.5
IS 273.0 | 189.0 3.6 4.4 68.0 36.0
EIPY 173.0 | 107.0 2.5 2.5 45.0 26.0
22 (Z3) 73.0 33.0 1.9 2.0 26.0 16.5
|y 104.0 45.0 2.6 2.7 36.0 23.0
EAPN 50.0 19.0 1.3 1.3 15.0 12.0
Fab(ganl) 113.2 73.1 2.1 2.9 36.0 | .22.6
|y 151.0 98.0 3.0 4.1 47.0 37.0
Ha 86.0 51.0 1.5 1.9 25.0 13.0
E 4-16 R 2 ALY |8 544 (2¢): mn)
g2 | el | wagel (07 T a0 | des
% XA 112 42 3.6 4.0 51 40
2| oy 149 59 3.8 4.9 65 47
EIPS 64 24 2.2 2.1 35 30
S AE 131 68 3.7 3.8 45 33
oy 149 79 4.1 4.6 54 39
Ha 94 54 2.9 3.0 34 25
FR-TOP 115 64 3.3 3.4 46 26
3y 133 85 4.1 4.4 55 30
EIPN 90 43 2.9 3.0 29 23
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. FE8A A 5%38Y

SR BEAA] FAo Al2¥E 3= Stable Micro System V3.7& o[ &3l
th. FFYELS SRY 43y FUIY, ALY L FPsidch =Y
A&, H, At FH S 2P Probed] olF S BEANY HF S 93 ASAE
Aol wlelrd  25mm/min +20%(=  20-30mm/min) FEX=  0.42min/sec +20%(=
0.333mm/sec-0. Smm/sec)S 2235ttt Probed] o]lZAel:= B whHel 90%2]
Hel2 AdAstAch %R«l IRFEL AEARL S el dAstocth
3% 4-73 3% 4-82 77z B4 &R0l 3 B At W UH AES 3}
t BEYE& ez drh 27 4-9¢F I7 4-102 B4R EFZFA o o &
A Az o & ueha ok 37 4-9oA A Hx) mA(1)S §E =39
o] AR3Y w27} A} RbE]= 3B H(BP: bioyeild point)& LIERR Qlom 2@z
YA Z3o] BAS] mIE = m2] H(RP: rupture point)E LERACE,

th B4 24 U

SHe gHAES flstd 7 HEY iF, P4, FERY d58Y X3
drt. FFARE 2A=2 JF 45 #%, AZ A dH58F] BA =AY
§ At SRR = 72 28 dE, Hed H8d HHsidch
FREAEE 278 %29 FHEYY A W AHF FUIHAS VAE
TSl AHAEE 28t Z 22 ol F, H4o AEY FFsioch
FRARE ZAE SR ALY A @ AF o} Ao dAE 4
staict.
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I3 4-6 %82 27 33 &3,
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28 4-7 245%7I AT R AAE.
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(9)

1200.0 1 Shearing test
800.0 1
|
400.0 4
0.0 . T = v
0.0 16.0 320 (=

(g9)
Compression Test
3000.0 -
2000.0 4 ‘
1000.0 A
0.0 — (s
0.0 8.0 16,0

3% 4-10 &R &Y 23 A o,
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2. &R E42 &3 23

7. SR UFAH

|Ee P d&& 35S meAsty] Hdle] JESA ¥EHH(BP:
Bioyield Point)& ZAISIGTtHE 4-17). HWH &S 30-60%= TPy EXE
yetwich. BP ol Ath= R AE 2Fo| AR Al =A Uehid,
dejd oz mpzjo] o Yol Arks AL uich. FeFolre o] BP
ol M QtZoll cht WP Lol M E AU Uelllen, dF2 Jriyez He
of w)dled g Uetwlon ¥ Rrle RoM 2 S uiehlch E¥#
HELHoM Yol AMEE L = HYE 0% FEolM SEE 35 53
3 Azt ciSo] Yty es F k& UepltHE 4-18).

F 4-17 AA ¥ (Bioyield Point)o]] &3t 313 gl HMYPF

4} %2 7 (mm)
=% 3135 (gf) HEY E(%)
2t AN Zzputey

0] 3.23 3.26 733 31.5
4t 2.35 3.25 1182 59.3
EiL)] 1.81 1.91 385 49.1
EE3u} 3.12 3.9 1063 45.8
FP-TOP 2.73 3.46 1783 60.2
XE2 3.46 3.59 2874 65.2
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F 4-18 43 WY& %04 Y 35

¥ %2 % (mm)

= ki A zpupap 313 (gf) 3
29 3.23 3.26 194
i 2.35 3.25 273
e 1.81 1.91 "™
Al 3.12 39 | a8l
FP-TOP 2.73 3.46 414
$EH 3.46 3.59 556

L SEe] AAY

AEA SR Ado] uiyt Ay mietsts] flste] AP S FAsach
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