e Noo15.720009
H w

W X

DLC D - MEFEMEFHMIIZ 1T 2 BRSO E

........................................ jjﬁquj:_gl\ iL—:EEHEj(EB‘ j]l];ftp‘] /E‘\\ ﬁ?ﬁE%
DLC 2—7 ¢ > 7 OBEEEEICRITET N T4 R 2 H VRGO 8

...................................... %E@j{ﬁﬁ\ ﬁﬁlj\];'ii:%\ j][]%lj‘] /E\‘\ ﬁ‘é\jeiIEjE
PRBEG R L7z B-SIAION By KD & v b7 L ABERE  —BERBIAIZ 6 JE I B a M ~ D8 —

.................................................. BENTERE. /NEFPES . AR
FT U — AR U7 B T ESHD I - vvrrrrrrrrrrnnrerrnsassiaesesonnanns TE 4
IROMBI 3 HIEIZ KB SR T Y a P olRFEL L ORFBIRE O EEHE

.................................................. INEPERE . AREE, IMEERE
it TRRICBIT 5 A 7 TFEm O IRENV R

----------------- NSER., BEUAM, FRES. FTH £, 2% B, GEEERE
BREZRT7 77 ar7a Yy OBFEICET HBEE v EARLIH, R R E

w &
%{tﬂﬁﬂﬂi@ﬁUD%iﬂjﬁ’ﬂﬁ .................................... EARE— I B
ARTZEFICEITA SKRIT CAD FUFE D 5]  ceveeeeemmiii it FREEEL
*IEIEA@DLcjﬁ—/ﬁ{ VDM ceeeeer ettt W2 . YR EEL
T AREFIENC L 5T 7R ERIC B T BRIk o --ooe e botiH, BEfgh, B
PRI 3w b E—= 0 ZAVE U 7§ 3% 1 O JERIE AT ~ o JE IR 4547 B [T BB i vk oo i
FEIFERBRDFERL —  covv et NG . B . (ESE
4 EITFIC L A B R R TTAIIEE e e RS AT
SR M LIEDOF G FHA -vemereeeeees JIOBE, AR A, FHIEA, S, sEEE
%%ﬁm%%th%ﬁ%@ﬁ% [ AR BRA A, NEERE, L fi BEEE
NU—x L7 b u =7 AFREANT T2 EEdE S HE I O 5
------------------- IR, SEE, AKE—, FF @& BN B, FEFA.
HWHER., AR A
A7V — XA TEEEE TR 2 BB E AT

................................ SRS, JURE— BFEED. HAEK EEEH
RS R EACTEESORIR T Y = 7 HREOFM oo ISIE— BREN, B0 B
PEHUE RGBT 2 e B A RB OMGET -vovererereeens EEWANEHEC, HLE E
FDTD# % AW ZSiCH 7 EAMIHE D eI+ X = b—3 a Y FIEOKE
........................................................... %ﬁﬁéf;&ﬁ& I’ZM(%%
B2~ T T ERWERY) = F L ORBSE
............................... Hﬂqjﬂ'/ﬁ% ﬁg/‘%’f#\ bﬂﬁ%?%\ E{@%%L\ %ﬁ%%
TEL MR T U FEOREE CICPIEIE I IEINT  errre et A =|
BARRIIZ L 28R Y 2T L on b ORFERERAIRSE
...................................... B E. AEERET. M B, B
H ABWRRAIEIT J:é.{z'gn/\%ﬁ/};ﬁ*+ﬂ;fm@u¥1'ﬁ(2) ............................. EmEsE
{@Tﬁ/i@:i Z)jjﬂﬁfﬁi%fﬁdj]% _B?H“Z)ﬁn .......................................... M( 1%%
' M
BGADHHE A FLIFATIRT] v vovvevrrncrseacnsenenenaeaeneenen. WISV, FE B e B



DLCIR D% - iEEFETERMIC BT 5l B R O E

MWL - MR MRt — 2 BN 52 8L
HoOM fERRR
o =4
BB IE K

B, (KB CEN T REE R DLC RISEAWVWEESBHICHEA SN TWD S, BEMEICHE
BHY, TNUPNERIZEHSFIEKREZHT TOWDLIRERERO 122> TW5S, DLC BEO &M
flitkE L TRy 7 02 VERBEROR Y 7y FREDASERAINLTWAD, ZAbIZ1EOARIZE S
BIERRBROZD, H0IELEESHT 2 ERMOBEEZ M LZBEMRSE SITHEBEEIERN & v ) 3
Nhb, TITRMETIE, FERFMFES LT, EFMICHELZENLS BV ELEE SE 53R
BRiE%EE L, DLC BEOHEEREDOFMZIT o7z, TOMKE, EEOMARRISEWBEIREZ FE
TEHMABRILGE O, RFEMFIEOFEIENER SN, FMIIOVWTHRET D,

¥—U— K :DLC %, #&EME, WEREE, BEE,

1 [XLC®IC

AR, BREEMIREOBAELIC A, AEELZED & L
flix DEEEIZB W TE TS DED LN TERY, 4%
L7 A, HINBERARO LN TG, FD=—X
WX D728, BMOREITEI 7 v L RRE O e ik
BT B N— Ra—F 4 U 7R SN TERY, £
DOHFTHRERTER ZED TODHBIC, EiEEE - [REEE
e CENTFEE B o TCWDAFAYEL RTA T —RY
(Diamond-like Carbon : LLF, DLC) BERH 5, —#fiC
DLC &L WV o T, Krx ZeplFikic L0 i S 7= g
BHY, ZNTIUCRR DB EZT L WD, B
BEGSOTLE, @8, WIIBERNS, S, A
R ERF LD L LIBEWSE~EA ST D, 13)

LU, DLC BEIZEMZETEA~OIBUEMCEETEICR L
TOESC, Hx 2 E o7 DLC EREDT 7Y 47
— 3 VTRGHERIER DDy, BRETDH I EDIEFITHEL
1o CECQWDEDRENRDH D, ZOTDIRTIE,
RERAM 7L & LTI A T o TV D 2 &A%<, BR%
WEROBRTE = 2 RVEHIC/R Y, S 572 D A BF IR~
DM EER>TLELTNA,

WRROBEEWEFMT 2TEE LT, M6V G
TEEBRIECE, vy v VEEREE CUF, ay
77z )ViRER) R LTRSS, A XA Y ey RIE
FDFEIRTE 2 A7 T v FRRBRIEN D D.

INHOFEL, ETEIUATD, #UARRE ]
SN T EITRY, YL BMCEBHEEE AN 52 & T
W 2 U S, T OEEIRED DS 27

T 7 || R RE SE Bl v # —WFFE S No.15.2009

FE {1

LHETH D,

LoL, By 7 vo)V@BRoRs 7y FREiE, 1 |0
OB L 0 B & BN AT 2 4 U S8 DR ERAG
BChHl-w, FEBHE G K LIBEhA1T 5 Sk
U D HERERHAME S & OFERIME A 152 Z L IFEE LU,

T, AWFFETIE, FEEEORBEEMRIU O FE & L
T, RN E A NS oo K UEE S8 235
EERWT, R DpkdsykcfE L7z 3 fEEO DLC o
A« MBI DOFUBEAT > 72D T, ZTORERIZOWTHR
HT 5,

2 HERAE
2. 1 #HBYyoIL

RETEMRICIS, Fm A STt B U7 SUI2 (R
HRC60) %7z, =0 RICEREOR: 2 3 fEEO
DLC EZAE L7z, (X 1 28 1) #Br%EIT-7-% DLC
DG #1179, DLCIE (A) 1%, T 4%
—N T =755 [TRIREATY, KFEEER LA sp®
WiExEERET DT TR ITA-TENLT 7 AT —R
(LLF, ta-C) BETH D, DLC fE (B) 1F, A/Rv XD
THRIEAATV, KFEEZEH LRV sp” liEE Eik L 457
ENANT 7y AA—ARr (LT, aC) ETH5, DLC K
Q) 1%, 77X~ CVD BT THRIEEITY, KFEEEAL
TNWATELT 7 AH—Ry (LUF, a-C: H) ETH D,

% DLC BEOMEA R 2 17, ZOBE, BREE - Bk
1%, FIA T A —EAWTHEIE L, 67
DLC & (A) 1%, #A VEL FITEWEGEZE > TW\Wb 7z
W, BENIEFICEL, e, DLCE B) X, 777



7 A MIEWEEZ R > T\ A 728, BEEEITD2 DR,
2. 2 %E - THERMERER

SEIAWZHRBREL, R—LA T 4 2 7R BTN T,
HHCRE AN S oo 0 K LiE# &4, DLC %
DEENE & THEFEEOFET 2 RIRHIAT 5 HiETh 5, (L
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Effect of examination condition on adhesion and wear resistance method of
DLC films

Takahiro Horiuchi, Kentaro Yoshida, Makoto Kano and Masao Kumagai

Diamond-like carbon (DLC) coatings are currently being used in a wide variety of industrial fields because of their

outstanding properties such as high hardness and low friction, among others. DLC coatings have various characteristics

depending on the coating deposition method used. However, they have a problem regarding adhesion with the base

material, which is a major factor hindering their expanded application in other fields. The adhesion of DLC coatings is

generally evaluated in Rockwell indentation tests and scratch tests. These test methods induce damage in the specimen

with the application of a single load. Accordingly, there is a problem of low correlation between such test results and

evaluations of the adhesion of coatings on actual components that undergo repeated sliding cycles.

With the aim of resolving that problem, this study evaluated the damage condition of three types of DLC coatings

having different physical properties using newly devised cyclic sliding test methods involving the application of a

continuously increasing load. The evaluation results obtained with these new methods differed from the results of

Rockwell tests and scratch tests. These new test methods are better able to reproduce the damage done to DLC coatings in

actual sliding cycles. This paper describes the test procedures and the evaluation results obtained.
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L) ZHAWT, BLOREZIH LI BREITO TETH
Do

#2  HEEREAEES LU b OMRIR

BN BERSE COEDP,
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Effect of a Tribochemical Reacted Film on Friction and Wear
Properties of DLC Coatings

Kentaro Yoshida,Takahiro Horiuchi, Makoto Kano and Masao Kumagai

Diamond-like carbon (DLC) coating provides low friction properties without lubricants and, with
lubricants, should provide super low friction. In this study, to find the possibility of environment-friendly
material combination that can provide super low friction (with a coefficient of friction lower than 0.01),
friction and wear properties of DLC coating with lubrication in sliding contact areas were evaluated.
Friction and wear properties of the steel pin on DLC coated disk with lubrication were evaluated by
using environment-friendly fluids (organic acid or alcohol) as lubricants. In the sliding test of tetrahedral
amorphous carbon (ta-C) lubricated with DL(mixture of dextrorotatory and levorotatory molecules)-lactic
acid, the super low friction coefficient, 0.01 was obtained at the end of test, and was much lower than
that of uncoated disk and a-C:H disk. And the coefficient of friction using DL-lactic acid was lower than
that of acetic acid or glycerol. Then, the oxidation film (white layer) of FeO on pin was formed under
DL-lactic acid lubrication at the sliding surface of pin. This showed that the condition of steel pin also
influenced the coefficient of friction. The main reason of reducing friction was thought that carboxyl and

hydroxyl groups in DL-lactic acid connected strongly with dangling bonds on the surface of ta-C.
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Sintering Aid  Density  Relative Bending Strength®  Vickers Hardness Fracture Toughness

(g/cm®)  Density(%) (MPa) (GPa) (MPa-m'/2)
3wWthY,0; 318 9993 590 (n=9) 14.7 36
Swi% Y,03 3.20 99.90 700 (n=11) 141 3.8
2.5wt% Mg0 3.14 99.35 570 (n=8) 156.2 3.2
Swt% Mg0 3.15 99.35 420 (n=9) 15.1 3.8
2.5wt% Zr0O, 3.19 100.00 490 (n=10) 15.8 3.0
Swt% Zr0, 3.22 100.00 420 (n=8) 15.7 3.1

% 4-point Bending Strength at Room Temperature
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Hot Pressing of Combustion Synthesized 8 —SiAION Powders
— Effect of Sintering Aid on the Mechanical Properties—

Masahiro YOKOUCHI, Yousuke ONO, and Kouki SHIMIZU

The combustion-synthesized of B-SiAION powders were sintered by hot press. The effect of sintering aid
(Y203, MgO, ZrO2) on the mechanical properties (4-point bending strength at room temperature, Vickers
hardness, fracture toughness) has been studied in detail. Any sintered bodies which were added such as
sintering aides, were fully densified by hot pressing. The sintered body added 5wt% Y203 had a 4-point
bending strength of 700MPa. The sintered body added 2.5wt% ZrOzhad a Vickers hardness of 15.8GPa.
The sintered bodies added 5wt% MgO and 5wt% Y203 had a fracture toughness of 3.8MPa + m'2. The
results of these mechanical properties suggest that the most effective additive was Y203 for using hot

pressing method.
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Surface Modification of Hot-Work Tool Steel by Electron Beam
Remelting

Toshitaka SATSUTA

Application of electron beam remelting for surface modification has been described in the study. Hot-

work tool steel JIS SKD61, which has been commonly used for the die casting, is irradiated by electron

beam followed by tempering. Characteristics such as microstructure, hardness, residual stress, and heat

checking have been investigated. Remelted surface has cellular structure. About 30% austenite is

retained in the remelted layer, whose hardness is between 500 and 600HV. Hardness and also both

residual stress and retained austenite are reduced by the followed tempering. After heat checking test,

two types of oxide layers are formed. The outer layer is composed of Fe and the inner layer is of both Fe

and Cr. Break away of oxide layer causes the reduction of heat checking resistance. Electron beam

irradiation with the followed tempering at 600°C provides good heat checking resistance for long term.
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Determination of the Oxygen and Carbon Concentration in
Polycrystalline Silicon by Infrared Absorption Spectroscopy

Haruhiko ONO, Takahide ISHIZUKA, and Atsushi OGURA

We studied the quantitative determination method of interstitial oxygen and substitutional carbon

concentration in polycrystalline silicon for solar cells. The standard method by JEIDA was carefully

examined, so that the problems for polycrystalline instead of single crystal are clarified. Multiple

reflections affect the concentration measured for samples that have less impurity concentration and with

thickness thinner than the JEIDA proposal. Therefore, the correction due to multiple reflections should

be considered even if for carbon as well as oxygen, when the thin samples are used for the

measurements.
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Examination of Freight Vibration
in Post Harvest Handling of Strawberries.

Masamichi KOJIMA, Akinori FUJIYA, Yoshiaki ITOH
Hiroshi UCHIDA, Satoshi KONNO and Kiyoyasu SATO

EERIE

Post harvest handling of agricultural products plays an important role in modern agricultural

production.Most losses of agricultural products occur during transport since these products are

subject to serious physical damage from vibration.The final goal of our study is to develop the

packaging and container method of agricultural products without generating any transport losses.In

this study, we investigate the influence of the truck bed vibration on strawberry packages using

theoretical analysis with the essential model and experimental modal analysis.
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1% FS-PLC (Functional Safety PLC, ##g%:4: PLC) 2
DWTEDTEY, BUIHBIERY —F% 7 7 —713,
ZOHMEIZONWTIIN— Ry =T xR E L, YT b U=
TIZOWTCIEPLC 7 s 7 2 v /S CTh 5 EEEK
IEC 61131-3 DEAZRD LT THD I,

PLC %4 25HAEIE S 2T ADLEIC T 5588
AT E 5720120, PLC DRV X —a—H—
DA TH 2 PLCopen % IEC 61131-3 (253 < #REZR
2 FB #EDHEHATHZ LB LTWD 9, HaExse

B 1ZREEILR ST MOEAFB Z2E&HEL,
VA—RFEEL, a—P—PMERTIZEEEEL TN D,
HARERNOIEL LT, BHC=ZEEH ) NEftok
2 PLC ICZ OMRER 2 FB 245 2 L 2D TRY,
B ST, 20250 14 H R~ =27 /b S ER T
BELRoTNDH I,
3. 2 HEER2 FB Ol

BEREZZ 2 FB O ZEIC > W T, BRICARTFZEHs
NO.11 THEAM L= 12, Z 2T, L4 FB Of %=
L7278 BIRER T OREEIZ T 2 RIS OV Tk %,
PLCopen Ci¥, 20 HOMREZE FB BNEZI NI, —
ffil& LC THEEELE (Emergency Stop) | #7737
3. 2. 1 FEEEIEFBAOERAREHRIE

HEREZ A FB EROFME LCIE, £ D FB /ERICEEL
T, R LSS EAICL, FREOREOE
REFTEA T2 SV D K OHRER 2 FB 23%#t35 2L Th
%, F1ITFEFEIL FB OwlAZ 2R & 2 OHEHNTE
OONTERFETH D,

PRZR)I R PE S el & o &7 — R 728 i No.15,°2009

#1 JEFIEIE FB Om 228k

Standards Requirements

EN 418: 3. Definitions

1992 4.1.12 ... Resetting the control device
shall not by itself cause a restart
command. .

EN 954-1: 5.4 Manual reset

1996

ISO 12100-2: | 4.11.4:  Restart following  power

2003 failure/spontaneous restart

EN 16204-1, |9.2.2. Stop Functions

1997

3. 2. 2 FEFLFBOIE2—T(R

1 3FEEE LR FB ORMEBLL OV O A SR 7R~
4, MiREZ4 FB &30k FB &\ CHEEE [SF_| %4+
52 LIZ X ARICXBIT 5, FB OSMAlET — 2 3%
AL, PN 27T, SR OV TSR 4) 25
FREnizuy,

SF_EmergencyStop
BOOL  JActivate Ready] BOOL
SAFEBOOL_ S_EStopIn S_EStopOut} _SAFEBOOL
SAFEBOOL_ S_StartReset Erron _BOOL
SAFEBOOL_ S_AutoReset DiagCode] _WORD
BOOL_ Reset B

X1 FEFEEIEFB OXRH

3. 2. 3 JFEELLFBOEBRRUKREER

B¥REZe e FB OB & |3 N CIREBEB N & H W CER
N5, X213FEFEEIE FB OREEBX ERT, T3TO
HEREZE A FB OIRIEBR KL =2 D L~yUIyT b,

2 OB O3 IIMAER 2 FB MIEEMEORREZ R L,
Ho L bRERKETH D, KFHO/NSWILEBROES:
B 22T HDTHY, D 0IL Ready=FALSE DA,
EATRIREE S B @ OEESENENL TIREE Tdle |24 5 Z &
EEWT 2,

KO FEEDOESE, Ready=TRUE, 7»>>, S_EStopOut
=FALSE Th 2 & EOREEBR TH Y, LERETH D,
TEBDOE7IE, S_EStopOut =TRUE TH 5 & X DIREET,
EEEEORETH Y, TROBIEFFILEFEZFOL N
TRUE THHIREEZFR L TWD, ZNHDIREESD ¥
A7 F vy — bbRBREN TSR, K3 iXZ0—fl
Thb,
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NOT Activate

Activate

S_EStopin
AND S_StartRese

NOTS_StartReset

Wait for
S_EStoplin1
8002

NOTReset

§ EStopin

etANDNOT
RIGatReset

Wait for Reset 1
8003

S_EQ

Safety Output
Enabled
8000

(S_StartReset AND NOY
S_EStopln)

Reset Error1
CO001

Ready = FALSE

Ready=TRUE

Reset Error2

Wait for
S_EStopIn2
8004

gsetANDNOT
TRIGatReset

NOTS_EStoplIn

R/TRIGatResetOR
S_AutoReset
—AutoRese S_EStopOut=FALSE

S_EStopOut=TRUE

M2 JEFEFLL FB OREEZN

SFEY, HEEL4E FB X, FB 2EIEL TV IEENE
DGy, BELTWDR, FELEHIN FALSE ThHh 5
Wy, BT, BEMOWNERIZ TRUE IZh- 7500
=0T B, REBEOBELR b LT Z D=2l
TTHRTAZENROLNTND,

ZDO=DOWI T CRLab T 5 kL, HEEEZR S FB
DORFLEFR—L, REIETIHERLHE—TH2H0THY,
BT, ZOFTOR —IIHRELR S FB OBGELAEHIL
7=bDThHD,
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4 HEER2LFBRIINDER

MEEZ e FB IXAARZE®, BEIZE 42 PLC ([ZHBWTE
HAansd Loz >oH25 W, Lo, PLCopen i3z
<OPLC R —Ra—Y—DHETH LIz, T8
AR OIER b B O TEL L OFERRE BB S 5415
T, WIEEBMA HILTND, LA T, =
£, HEREL S FB ORERIZONTE LW, IHICED
AR DWW CEBET S,
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T
Inputsi Start sequence

Normal operation with Reset

|
Activate:

S_EStopln;

|
Reseu:

Outputsi
i

Ready!

—

S_EStopOut!
I
|

Error,

8002 8003 8000

DiagCodei 0000

8000

8004 8005 8000 8000 0000

K3 EFEEILEFBOZA I IF¥—F
S_StartReset = FALSE; S_AutoReset = FALSE; Start, A% — bk, Ut v ., EF#E 28Rk, VAZ—

4. 1 HEER2FB ORIER

F9, FlLIEFAT X C#EARTEHAKIT EN
(Européen de Normalisation) 23H [ E72-> TSI &
Th b, EN [THRMERELZBSIZ Lo THZE - fR5F - B
SN DB - Ak CTH 57, EU (European Union)
WX o Tl L LTHRESN DO BELY,

BERRITITE A EEINZ &> THIE SH TS EBH
L0, SOITRER JIS &R ABUREE ZAUTHRE
TRt & 2720, FERIICIT B EOZEHUEHHIE S
NG E, T ONSARIZ AT LIAD D DWREE L TR <
S5, PLC 132 < OB CER S A HIfEEE T H
5720, ZOBEOBRHIGHZEHDHVNIERTLICLD
WGREREE L,

B UWEAZ SRS UL, YRR 1 IR THREER
2FB DA U H—T7 = A ZALBMENLFEIEETE D,
BUETIE, 20X 2B Z OHEEEOWET 24572721
TUFRB720D, —EOA 2 —7 = A ADBIATEIZ
TELHRPMEL D,

X 2 DIRBEEKIFHMFIZ L > THLETED SN TE
D, EOXIRBIEEITST20NIARHTH D, S HITHID
WMETE S ZOEEITHON TV BRI T, Hie4 4 FB off
RAFIZE > TUIMT LHRLTE D L0 & IEES I,
IbIT, M3DFA I TFy— MWL EOZA I TH
RLTWAREITT, O PLC ICX 2BV RHEMNE D

AR IR RE R B & o % —AF 52 % No.15,72009

TR BARECH B,

F7z, ERTHD LAVEREZL S FB 133 A & O 1T
THPRRET DM ELH D, ZOMORFEIY I 2 L—
3 NCE DB O TREHEET M K HimEREE D 5
ANZAT > TR BERH 5,

4. 2 HEeRL FBRIINDAER

ZIZTH, FRoRERICH L CHEIER S FB ORRGEIC
DNWTERD, LERMOIEN Y TEBSEKIC L B2
o TWAD, 258 LIS FROBMKIZ < HlE S
2HY, FORIECDOWTIIAROHRHMELZE 2 THY, 5l
R AL ET D,

{EBIMSEEZE 2 FB ISR D ARSI OV CIEBEIC
WARIZERY, 2—F—IZL DA F—T = A ZADBMNE
FHKIZTHZ LI L - TERARETH 5, BARIZITRS
{a—¥—H FB #E&L, TOPTHEERSE FB 2P
W W) FESBROND, LnL, L2 FB 20t
DOPHRIFRIE D HFEEOWRGT &V D Z L2 D720, 1%
SRANCITFEA L 72 DI4REZC 2 FB MEMHET 22035 5,

AT F v — FEEDT, REEBXIIHENIHR
FELCRLMEND D, BAEFEE LT, REESO R
AT NTESTS 2L, £720%, mBERe T TER
HTZENBZOND, AFEIEN M) Ry MEGIZL D
ABEESH, BEIREBEBRSCY A I/ Fr— k&
WEERTRIC X - TiBEUo L+ % = L CHERTE 5,

31



ZITCREE RV ZE D 7200, K20 EE:OESNERL O 3) IEC/65B/712/CD; “IEC 61131-6: Programmable

DIBERB DR OIRIEERS T1E7e <, WIWEEZATH L1 Controllers — Part 6 Functional safety”,
DOIRREEREX] (Harel State Chart) (2B 28 TH D, International Electrotechnical Commission (2009)
ZAUZHDWTIBRIIA LV OIREEER X 2 — X D IRREER 4) PLCopen; “Technical Specification Part 1: Concepts
XN 5 EEEE LB L, ZOmnbiEZoF and Function Blocks”, TC5 (Safety Software) (2006)
EEFERICHEA L TRIET D2 ERH D, 5) IS0 13849-1; “Safety of machinery - Safety-related
FEREZE 2 FB ERET 270 & 2 I EET /M L D parts of control systems — Part 1 : General
FEEFERE L7203, TOEBEET L E LTI MY Ry ME principles for design”, International Organization
TWHIT, AEE, AR REERE Sl onTE for Standardization (1999)
7L ARA A S D, 6) JIS B 9705-1 ; “BWIHO LM~ AT L%

EREE - 15 SR OO0 REH”, HAMK
~ L — +
4 HHYIS K2 (2000

AT, Y7 o7 RN TalI~wT IV ThHY AT 7) IEC 62061; “Safety of machinery — Functional

A, HRZ PLC AT LAEEL AT LOMEELZ IO safety of safety-related electrical, electronic and
Tk, WREZ ERRE OB Z P — 1 LTz L [FIREZ, programmable  electronic  control  systems”,
V7 h 7 = T7IZ9W i PLCopen OiREZ 4 FB #7&H International Electrotechnical Commission (2004)
T DIFIEEREIN Uiz, HEREZR 4 FB OAR & AL, 8) JIS B 9961 ; “BtED M —Z2BEDES - &
T OBREOREEZIRN, S HITHREEICRET 58583 4m@m L T Iu s I T NVETHIEY AT AOBREL R,
T, ZOHDORBEEBMEC Lz, 285 ORI OWT HARE = (2008)

1L, ARAMEZEZE LN ORVHATH FETHY, 9) IEC 61511; “Functional safety-Safety instrumented
DIZHREY AT LA UEBOBA RENE L & o Tt systems for the process industry sector”, all Parts,
L7z, International Electrotechnical Commission.

% 10) JIS C 0511 ; “B¥REZ A — 7 0 AFEES O 45
k Yo AT L, Gse, BASUETS.
1) IEC 61508; “Functional safety of electrical/ 11) =Z#FEZ%4y—/7 % MELSEC QS series ; “QSCPU

electronic/programmable electronic safety-related TurIIvTe=ma TN (B2 FBE), ZZEEK

systems”, all Parts, International Electrotechnical H&tt (2008)

Commission. 12) ‘EIBLMH ; “v— U A Y 7 by = TICBT ok
2) JIS C 0508 ; “BR - &1 - Tul I~ VETLE —TT A DBEXF, WEIREERITR AT

BhERDOMREZ R, 23— b, HABUSEHZ. JedRi, 11, 6668 (2005)

Considerations for Verification of Safety Function Blocks

Tko MIYAZAWA and Tatsuaki NAGAO

Manufacturing systems are contained in the scopes of ISO (International Organization for
Standardization) and IEC (International Electrotechnical Commission), because they have mechanism and
electric, electronically controlled systems. In the case that software is programmable used in a
controlled system, the certification of safety including the entire system must be a problem. The use of
function blocks (FBs: Function Blocks) certificated as standard ones is advocated. In this paper, first of
all, we survey the safety related international standards. Next, taking the focus on the systems with
controlled equipment, we point out the problems when using FBs in the software of systems. Finally,
we consider the verification of safety FBs to solve such problems.
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LB K i O W ST

W - BEBHEARS PRt —24 | KR

peowsoW
oA R %

7T A< BB L 7= SPCC, SCM435, SKDI11 OEEMFEIZ OV, RETEOMMRERT 2347, Rm{bE

WiElx, RFEWTH D SPCCHUTBNTILHRD v (FeN) BNEETHY,
TIERBRAIDBRFTERD ¢ 18 (FeysN) &y FHO ZHEHEE!

BEINTIH 5D SCM435 #fl, SKD11 4l

(2725 T D LHERI S Tz, RE(EEWE LY HRIOR:

FATIE, SPCC #MITHLARZEHR vy FEZ AR L CHE S O ERITIE & A EFRO BIARNAS, SCM435, SKDI11 £ Cidykak
L7=%E# & Cr,Mo, V 72 EAETTHE & OB ZE M OARIC L D EHERI SN D LWEIESER Bz,

F—U—F: FIX<EN, R, Hritsat,

1 [XLC®IC

ME)NENIZITD 72 < & B 9F ML EOZ VAR 2B 1
D BVIBRSANTE L, 2ENIC b AA RS EREHT O
HEREE 2o TN D, Yk 2 —TIE b DEEOEIR
IEEERE LT, BERRIN 7 +— T A% HE LT 5,
AR TEART 4 — 7 MR THRE U7 SRRz m o
SRS RSOV THE T D,

2 XEBRAE

F 1 IHFEM OB E R, 77 A~ 2L,
AARETTE ) OWINCIFEH L, &2 ICEME
DOECIRGA R 2~ d, AR L7 oUW, FER
hEE, EEME IS (SEM) , Xfi~A a7t T4

#— (EPMA) , X#REHEEEZ AT, MkoBlg 1%
TERNT % F2htE L7z,
3 #ER

3. 1 FEEFEO Y O
B 1B U - A ket oK mEE 231 5 SEM
(2 X AR 25 A R 97, SPCC $il & SCM435 #fio
£ 1 B OFERERK
C Si Mn P S Cr Mo 1t
SPCC 0.044 0.03 0.19 0.011 0.012 — — —

SEMB 036 021 07500180015 005 LI3 Ni0.17
SKDII 4 <04 <06 <003<003 110 %% viooos
S¢SKD11 /1% JIS HE#EFH (mass%o)
#2 77 A= WIERE
£ (Pa)  NpHpbb GREE (CC) W (hr)
SPCC 180 703 590 3
SCM435 260 7:3 540 4
SKDII 200 7:3 480 4
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%ﬁc:u, JEXA 6 pm BREORE(LEWEIBEIND,
SKDI11 #fiic b BELEMBNBIE SN A BESIL2-3um
FREE L %u Y, SPCC #fiD 7 = 7 4 MHBIZIZERRONTHY
DB IS, EPMA IC LD EBIITORSE, Zofkik
Wty M (FeN) THDZ EAREEShEZ, —H,
SCM435 il TIFEAVALERIC I 2 BAMR 72 REAH ORISR LI 373
D B7ho T, SKDI Sl IRFE ORI AR 2 2 LI TRR

SRV, REBITEHIAFE LTz MG B R L

(a) SPCC

]
|

(b) SCM435

(c) SKDI11
1 (LA U 7= B SRR WrmmiERk

Rz R PE S BAIT| o & — W72 No.15,2009



DOEBROERBEACERIZ L > TEBLTEY, EPMAICK

TCENAE DFER, AL ORFE B LT
POICEENBIL L TOD Z LA Lz, Z i &
> TIRALIDE~ L L D05 D EHERI S LD,
3. 2 XHREWRIOT7AIL

X 2 (& O BRI DWW CERAN L 72 XARIE]
a7 7 A NVERT, RECEWEOE S um F2E
HHZ L, 7274 MIHOE— PBOTHIITTH D =
LD, WIhofE ol — 7 HIiRERm LA YE
B OER TR I N TNV D LI EiL5, Fe-N RIZITA
FEED ¢ ¥8 (Fe,sN) ESTHFRmD vy’ # (Fey,N) D —FEifH
DOZEDFE LT E— 27 IZEWSEE L TN D L OR
2\, 2 0=47 FHEICBEIND vy’ HORETE—2 L2
038, 44° |, 58° BIOTT FHEICHEET D ¢« O]
FE—7 EREWNCTE L TR0 T, ZA60EIFYE
— 7 InbLRE(CEWB O EHERITE %, SPCCHITIZ
v’ﬁ@@ﬁ8%7ﬁ%% WCBESNDDS, ¢ FHOEYTE

HFEALERD LR, LIR-T, £EbLEWE
iv MR FETH D EHERI ST D, SCM435 8, SKDI11
WD XA ETROEAEDSVIEIC R D1FE, ¢
FOEHT & — 7 IR L, ZiUlEi- T e AADETE
— 7 BEEAAERBNTHEIN L TV A 2 e, v FHE £ 4B
EDTHREEIZBL LTV D EHEI S D, X312 EPMA
ORI LV PIE LI2RENDOERSMAT 07 7 A )V

BT, REALEWIB TIIEE ) BN A TEHRR
ERBALTWDZLnn, REAOIAIZ /6, v~ FHO
JEBPRHEEZA L Q0D EHEIL T D,

3. 3 WEHH

X 4 ([CHBERM O FE DS OFF S 434fi &7~ 3, SPCC #
IR LA DOREET TR HVAS0 FRE O S 271 b
OO, FREALEWE T T CICE{LILERRTORE & [F1Z
BEIIZETHILL TS, 2F 0, AR L - CRAR

AL LTWARY, ZOFRE, fERL-EE0NEAE
TIKIE & A CEFET, EICES LARVHR ek EE
WMEico T LTclzd B X bivd, 728, EPMA IZ L
DRURRAHTORER, Z OSPRE(MIT Yy’ HTH D EHER
iz,

A&HTH D SCM435 il L SKD11 SliIERE(LAMIED
i X% SPCC M & bl LT L < m< 72 v, SKDI11 #Tix
HV1400 fREICE CTHb L QO 5, RiE{bEWE o SiX
{bEMOFEE (v, ¢ 4H) LG WE O FHI KT
T 5 EHEHIEND, AEHIZBOT e RIS Z &
DR LDO—K EHER SN D23, ZORITHONTEE BHIZE
%&%ﬁﬁ%gfﬁéoAA%T&&W@@%%%L<%
MLTW5, E3 D EPMA IZ & DEOHTREEIC
SPCC #fiTI3yilk L 7= R0 RHEIC R L CL \Z)E‘Q% IR

PRZR)I R PE S el & o &7 — R 728 i No.15,°2009

HHIVT, HRREHRO y” FITHIE L TRV ERIRE %
TRT OB T 20, SCMA35 #il° SKD11 #lod & 5 7e &4
TlE, RETHFEORBICERZENRLLLTEY, ZhhK4
DFEESR & BV Z A LTWD Z Ebhnd, RO
T LIIHER L7258 Cr, Mo, V 72 E O/ &t L iz
b2 2 i X aHTbTh D LEX TV D,

4 FEo

EHLAEYWBIY, KEHTH S SPCCHCBN Ty’
(Fe,N) BEMERTHY, G548 THS SCM435 #, SKD11
FATITEE D e fH (FersN) &y’ FHO _FEKEEIZ 72
STV IS NI, KrE(bLEWE L v LNRIORFET
1%, SPCC #ITMRZ2ERIRy ™ FHE AR L THES D BRI
1FEAERD LR, SCM435, SKDI1 il Cidfii L
t%%&CrMov&EAéi$&®ﬁ%ﬁ%m%®$m
& EHERI SN D LW ESEED DT,

[}

O r’-FeN
o O e-Fe, N
® oF
D O a-Fe
J [
O o
‘g ° A ®) [ spcc
8 g
o
o ] g o
0 A D~ [Iscmass
L got o o
~OA_© 0 O g OO skoit

30 40 50 60 ) 70 80 90 100
2 ZEPAE L= KM o XBRE T e 7 7 A v
) :ZZ M SPCC N
s 200 L J | 1 1 [t

o-20 0 20 40 60 80 100 120 140 160 180 200

Distance from surface, d/ #m
800
600
9
t
3400
200

0
-50 0 50 100 150 200 250 300 350 400 450 500
Distance from surface, d/ um

2000
L 1500 SKD11 N
€
3 1000
500

-20 100
Dlstanoe !rom surface, d/ um

3 %#ﬁﬁ@%ﬁ#%@%fﬁ
1600

1400
1200

SCM435 N

Y-S o

-
o
o
o

800
600
400
200

0

Vickers hardness
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Distance from surface, d/ g m
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ALZMITHBIT S 3 Kt CADFHO—H

Hebk - BEEHERED MPRbNTF—2 ¥ OB St 8L

FARTIERR LT DERE, AL AR ETRIREHI Y M3 T MR (427) BV 2L, 3%t CAD
DOHEBEZRFIA LT, YHIHEOBEREMRDT-ODINLY I 2 b—=3 3 BT =l #iET 5,

¥—U— R :CAD,/CAM, NC, FAHL

1 [XILC®IC

FAMLO MY (L527) EY) 1%, N—R &R 55K
(FFAMR) OEEEHID H Limo@E N L - TEL 5,
W DA & 72 ST ARRE DS IR 7225 L S B TH 1,
[EHD S TR AT DEFEMNLT D720, HpmEhas
Z, LsL, HIDH LIROEC & o T 2
7257 CL DR 2 TR THIF 2 DIXREETH Y,
A AT E R DIERDER LT LE D REER D D, &
[\]ix 3%kt CAD ORFHEEMKELZFIFT2 2T, T
ANZHT 5, BIREY TAMLOT V1 U Hita FH LT,

2 # =

3%t CAD ORIHEEMIED—>TH D [THF = v
7] BEREZFIA L, RPURIERROMER (M1£T) »b,
X 14 EoEEEEREEID L7z, BV LoEED
FEARI ST 23 RTURBHR D B2 D B IRIZ R R 5723, R
DOFREFRZ, 8D IME (M) OAAHE
TR SN TS (K2), 20K EHIY H LZVWERE
3%t CAD TfEsk L TERAGLYE, TRV E DM
ZRFERE LCHRY H9 (K3), BRI, BERO~-HERN S

Mo TUWUT 3RTE CAD THISHIBSIT/ER TE 2D T,

—BE, RIMBZp EOFERAAFIUL, Thatka A0 HL
TERICRIRT 2 Z ERABEE 72 B, COEWRITHE (5
i) EEVYTTNDOT, K () 2EELEGEOE
FEOMRLES L 125,

3 F&H

EHREY OWimiEek (BIE) 2T 5720, 3kC
AD TEHURY RN L AT o 72, MEHRIED TIEERICHIS 22
W ERUROMERD SR 72 o 7228, FRIRODZFFARELE LI D
H UKD UE, SIRTECADEFHATHZ LT,
BRI ELC T YA o DR OER) OREERANTIRE & 72 5,
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*—U—FN: AL, DLC, =—7 17, NCL—%

1 [FC®HIC

AMIMTIZHEWT, TEOEHMEEMTHE DM Bk
EHEHECTH D, TORDIL, k1S TE~Da—TF
# K0 OIEER EReREM LA T e S
T&E T, R CHVWONza—T 4 713 um 2
FED LR S , Zhux L, ARFZETIE DLC 72
EO 1pm FigEOMEEIZER Lz, DLC 2—7 ¢ V71X
SRMLIZBW I LREOEHFmbR DO BHOTZHIZT
TIZERALESNTODENTH DA, KTAHTE~OwEH
Blig 72 <, ABOEICOREMEIZ OV TiE o 7eiatn
RENTWRY, £ 2 TAZETIE, RTHTAIC DLC
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2 RERGE

FEBrIX, NC v—% (FLRa—KLr—i a8 RE-
231P-1008) %\, fix Da—F 4 V&L= TAT
A OMTEAT - 7-1%, TEOEREESCHHIM O Tk
FHM AT o7z, IMTEFER 112, AR L a2—7 1>
TEMEFR 21TRT,

TROa—7 ¢ > 7 TEIFT < WEHIESH Tpm O
CrN B3 SN T Y, AREALEOHEIZL Y vy —7
Ty UEREIEL TV e, FOMOa—F ¢ 713 < W,
P EORANC 1 1 m BT OFERE G L7,

3 WBERBIUEE

3. 1 =EE&1 JFTOMIEERER

T ERANTEa—T 4 VTR L DINTERZLT
o772, B 1127 % 34km I L7z T Egb O
EHEER R T, EEAEDa—F 4 S TRET, a—
T4 7T LOBEITR U CEREREN B Uiz, P ChEF
\ZBEFERDV D727 S TeDITTiRD CeIN 2 —7 ¢ 7 Th
52, CiN 2o a—7 4 > 7 THEH (RLbED)
CE D BRI RE AR LTz, K 2 127 34km BIHI#% DK
#Z7V—DLC 2—TFT 4/ TEL CNa—T 47 TE
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In-Plane Rotated Crystal Structure in Continuous

Growth of Bismuth Cuprate Superconducting Film
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Fabrication of Glassy Carbon Molds Using Hydrogen
Silsesquioxane  Patterned by
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Fabrication and characterization of conductive oxide

polycrystalline BaPbOs films
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Applications of topology in material science

AR OME « MEHIFFE A~ ATRENE

LBt LT — A ARy A% —
BROKLTRT: NS S
fBillEh . MR YTV =07 B LOERTEDD

XU LW - MBIk, NTS #, pp.141-151
(2009)

Bolr, HEH SN TWA bR o O—E R s 2 o
5F (FREIHSF) OFFFERICE % DRLE &
L7z, BECOBEEIROERC X - C, Brxagiko bR
O ANGTRRELND L) IZoTs, MR Tl T
1L, BRRES TV En s 5, Bz, BRIRE Y R
F L AIRIREEE R HO 2 L OBUES BN LTI
VIS HEER A ™ T LG ShTng, —F, H
FRENCIIBRINE S RN < R AR e O—Re A ER S
RENTEY, FERBIRR Y ZAF L RRIZBIT 55 2
v U TR ERAT D Z LN TE D, LnLARns, b
WE AN TOMIEE PR R O— L OBIRIZE 5700
RN ENEL, SBROWENEENTND,

An application of linking probability to polymer

systems: rubber elasticity
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Fractal analysis of crack pattern of powder material
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