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Evaluation on the increase of pressure drop due to the slack
of spacer-wire in FBR fuel pin bundles

Seiichi Komoda*, Toshio Wakabayashi* and Yoshioki Yamashita*

Abstract

The structural material of FBR fuel pins designed in this fiscal year is an
advanced austenitic steel (PNC1520). The swelling peak temperature of the
advanced austenitic steel is about 475 °C, and it is much lower than about 600 °C of
the modified 316 steel in “Monju”. Thus, in the middle of the core section where
neutron fluence is high, the spacer-wire temperature becomes closer to the swelling
peak temperature than the cladding temperature does. Hence it is necessary to
investigate that the slack of spacer-wire will not come into question. One of the aims
of this work is to confirm that the rate of the increase of pressure drop due to the
wire slack is negligible in the fuel pin bundles. The other aim is to clarify the
correlation between the magnitude of wire slack and the rate of pressure-drop
increase in the bundles.

The magnitude of wire slack is evaluated by -using an evaluation method of the
fuel cladding and spacer wire mechanical interaction analogous to the method in
“Monju”. Namely, the magnitude of wire slack is evaluated by assuming that the
wrapping pitch of wire is constant even if the wire tension becomes zero. The rate
of pressure drop increase is evaluated by using the pressure drop correlation proposed
by Reheme on the assumption that the dispersion of wrapping pitch occurs so as to
absorb the wire slack. Here, two kinds of the dispersion modes are assumed. The
one is the mode that only the lowest pitch becomes longer and all the other pitches
become shorter uniformly. The other is the mode that the pitches become shorter at
the upper levels.

The main conclusions drawn in this study are as follows.

(1) The rate of pressure-drop increase due to the wire slack is 0.6% and negligible,
because the rate of decrease in the coolant flow rate corresponding to the rate of
pressure-drop increase is 0.3 % and fairly less than the core flow distribution
error (6~7 %). ‘

(2) The rate of pressure-drop increase is nearly proportional to the magnitude of wire
slack, and it is 0.5~0.6 % per mm.

* Plant Engineering Office, Technology Development Division, Oarai Engineering Center
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#2.1-1 MRPEROZEHLH

b | 2 = %

) CreE (mm) 2,850

2) FLEHES (mm) 1,000

3) 77vyv bHES (mm) 350/350 (LEB/TER)

4 TLFLEES (mm) 170/900 (L& /THE)

5) IieEE & (mm) 30/50 (L#/TER)

8) HEEBEOME WEA-2FF4 b8 (PNC1520)
7N TA4AVYOMHE BRA—27FF 14 M (PNC1520)*
8 ¥riE (mm) $8.5

9) #HEERE (mm) 0.45

10) 74 Y& (mm) $1.2

11) 74 ¥&BFFEy + (mm) 165

12) 74 Y& EE (=) 17

13) 74 YEFUBHBVEBE~Y L T (mm) 30

14) 74 ¥ BFUFE (kg) 5, 10, 152
EOF) RBELLCT, 7294 PR KHEEET S,

*) RELZODT, $Fr—RlonTHEFT 2,
F2.1-2 BERTE GEEEHFEREYE)
HE & HE M
C|HEESNERE (mm) 8.47 HEENERE (mm) 7.625
#21-3 EHETEB L UHE  (FHEEEEMS)
fHA%E H i B EAE RKEHL-VTER

YRR Yy F 9.8 (mm) | AEFLEREHY V2 EUEEEK 32.1 (kg/sec)
WRENEE 85 (mm) | AEFLR/IBAY L 2 ELESHE 25.83 (kg/sec)
74 Y ERE 1.2 (mm) | HEFELBRAXBAC V280844 28.8 (kg/sec)
Iy EAMED | 146.9 (mm) | AEFLEBENRRE Y EEUEESE 22.5 (kg/sec)
EEENY VR 217 | ————— e -
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#2.2-1 BHEEEARPLESEECG Y F2H#y MEEORE (3L °C)
BHEROEE BO1C EC1C BO2C E02C BO3C EO3C
MEAFE LR RREHY 634 700 619 | 684 622 686
ARFELRINEE# Y > 700 696 699 696 681 682
BB DB R B # Y » 700 656 664 634 637 614
SEF R AR ERE » 700 662 675 646 652 629
E) /2 FVIBER, SEHADRESS0°C LHSF1.25& 2o ME S 2 BEET 2,

#£22-2 PAFPFLRARKRE OBFHEBESHCGE» 2Ky FMEE) (EOIQ)

S —F# 1 2 3 4 5 6 7 8 9 10

J—F&E (mm) | 950 | 3560 | 250 | 200 | 100 [ 200 | 200 | 50 | 350 | 200
¥ THirbo 0 95 | 130 | 155 | 175 | 185 | 205 | 225 | 230 | 265
ik (cm)} § ~95 |~130|~1565(~175|~185{~205|~225|~230|~265{~285

WEBERE (C) | 380 | 387 | 443 | 517 | 571 [ 623 | 676 | 700 | 694 | 693

TAYVERE (°C) | 380 | 384 | 421 | 489 | 543 | 596 | 657 { 687 | 693 | 693

£22-3 FAFLRNREC OBMBRBESH (R P AKXy MRE) (BOIC)

= F# 1 2 3 4 5 6 7 8 9 10

BEHEERE (C) | 380 | 386 | 436 | 510 | 566 | 619 | 675 | 700 | 698 | 697

7AYEE (°C) | 380 | 384 | 422 | 491 | 545 | 600 | 660 | 690 | 697 | 697

#2.2-4 SHIPLBRRHY COBMAMBESH(CEY P XXy MRE) (BOIO)

= F# 1 2 3 4 b 6 7 8 9 10

HEERE (C) | 380 | 387 | 443 | 517 | 571 | 623 | 676 | 700 | 694 | 693

74 YEE (°C) | 380 | 384 | 421 | 489 | 543 | 596 | 657 | 687 | 693 | 693

®2.2-5 SMIFLBIRBREYOMFEBESHCEY ARy MEE) (BOIC)

J—F# 1 2 3 4 5] 6 | 7 8 9 10

WEERE (C) | 380 | 386 435 | 509 | 564 | 618 [ 674 | 700 | 698 | 697

74 YmBE  (°Cy | 380 | 384 | 423 | 492 | 547 | 601 | 661 | 691 | 697 | 697
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#2.2-6 MUEFEENNEENZRE

ANEENZ  (kg/lem?)

R EZEORE _
BO1C EQ1C BO2C EO2C B0O3C E03C
AHFELRABHRY &~ 3 35 35 73 73 ‘ 106
AHECR/NRBRY & 3 22 22 54 54 82
AR LR KRR » 3 33 33 70 70 102
SEECRNES Y 3 14 14 37 37 59
F22-7 HEBEAMEBEST GEBLHEIEMES)
B PN T 6 0 8 (o) / 44 T B 0B ()
BO1C EO1C EQ2C E03C
RAFELRAKBHR Y &~
HBERER 35/0 51/41 T7/62 1060/81
AR 3570 82/0 98/1 98/1
FHAVIE L VR B Y
e REER 35/0 45/ 66 69/130 88/172
AR 35/0 69/1 99/2 99/2
MEEE LR KRB #Y
=i 35/0 52/40 78/57 100/65
5 K5 35/0 82/1 99/1 99/1
SLEIIE OB/ Y v .
BEHRED 35/0 41747 59/75 75/90
BRI 35/0 59/1 95/1 97/1
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(X 10 n/em?-sec)

Pt -k

3 i T 1] 1 [ ) 1 T ] T 13 T [ ) T 1 1 I 1 T 1 ] 1 1 1 1 1 ) 1 L] 1 ] 1 1 ]
I 2.30 2.31 ]
9 '_ 2.04 _'
B 1.68 .
i 1.40 ]
1+ 0.864 -
B 0.4486 7
[~ 0.264 .
O i i ] 1 1 ] 1 1 1 i L 1 1 1 1 1 ] 1 I 1 1 i 1 L 1, 1 L [} L 1 L 1 1 i 1 ]
-85 0 85
FlLmsEEBHFRME (cm)
(a) PIBIE LB ARBHYE »
(X 10%® nfem?®sec)
3 i 1 I ] | ) ] 1 1 1 1] 1 [] 1 T 1 [] I 1 [1 ) I |. 1 [] 1 [] 1 ¥ 1 i T T [} i
2 u 1.88 1.92 -
B 1.72 ]
: 1.34 1.19 :
1 0.734 -
L (.338 0.220 7]
O i 1 L 1 1 1 i 1 1 1 1 1 L i L 1 L ! 1 1 1 L ] 1 L | 1 1 i 1 L 1 L 1 i
-85 0 85

2N et

FhOE S EEBHENE (cm)
b) HHFELRNRERYE

M2.2-1 EEPEFREBSTEOIA  (EELBRE Y V)
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(X 10" n/em*sec)

3 -l T T 1 ] ] 1 1 i 1 IV [ |} 1 1 [ I 1] [ T T T ] ) T T T 1] ) t [| 1 [ .
2 | 187 191 4
E . 1.71 §
SR _ T
'r% i 1.33 1.19 i
X 1 L o
_ 0.727 -
[ 0318 o4 -

O -l i 1 l.l 1 [ L 1 1 1 | L 1 i 1 E 1 1 1 ] 1 ] [ L 1 L 1 L ] 1 L 1
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FEROBESEEBFEHMVE (cm)
(a) MAFELBRABHY -
(X10% n/fcm?-sec)

3 1 ) 1 1 1 L] I T | ] I | ) ] 1 ) I 1 | 1 3 Iv 1 i | L) ] 1 3 ] [ 1 1
r =
5 2 -
i i i
B[ I
; it 114 112 o -
B 0.761 0.710 .
i 0.444 .
0.171 0133

O 1 1 I [ 1 L 1 L L 1 L i 1 1 L 1 I 1 1 i 1 1 1 1 1 1 (| 1 L 1 [ 1 |
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Fp LB SEEHTHNVE (cm)
(b) SR LRANEERE

H22-2 BWEPETRBFESA GHEIFLRE YY)



PNC TN9410 91-095

#2.3-1 #E4FME (1/3)

for RT.=T= 850°C

I | EA—AFFA MR 7254+
1 | SRR & E = 19917.9743 — 7.5086 - T E’ = 221.3—-0.078875:T
E (kgi/mm?) for R.T. = T = 600°C for 0°C ( T { 400°C
E’ (GPa) =92613.0293 — 12,0004 - T = 2922.16 —0.11146-T
for 600°C ( T = 850°C +1.7899X 1074-T?
—2.5333X107"-T*
for 400 = T = 700°C
2 | X7V v = 0.300 y=029+6X107°-T
v (=) for 20°C = T = 475°C for R.T. £ T= 700°C
=0.300 + 8X107%- (T — 475)
for 475°C = T = 850°C
3 | EHEkEkR a = (15.0113 + 0.8726 X107 %T o =(10.512+5.294 X 10°-T
RE — 0.5872X10%T? —2.810x10°%T%) X 10°®
a (1°C) + 0.1931x1078T3)x107® for R.T. = T= 700°C

UEF-AFFAMHORTY L 7HFAZ Y — TR

i
[&]
A
‘s

[EA#FE] T = 400 ~ 850 °C.

1) Rz v &

F{1 + exp(a-

R=Rp-exp[A(T-Tp)?]

AVIV: ARxY »Z7E  (vol. %)

¢ ¢ BEPHEFE (10%n/cm’sec,

AVIV=R:-[¢t+ (1/a)-In{(14+exp(a-(r-4t)))

t)})}]

) 0.1MeV)

t o TR (F A ERE)  (sec)

a ! 0.20((102%n/fem®)t)

A:—4.34 X 107° (=), Tp: 475 (°C), T : B (°C).

Ry : 2.50 (%/(10%2n/em?))-

75 27 (10%®n/em?)

¢t = 3%10® n / em?

i, T {400 °C Tid, AV/V =0, T 3,
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#£2.3-1 #EHEEER (2/3)

ol

T,

@) Rz —TEX
FR 7Y = TE(en S BI 7 V) — TE ()L 82 V= TE(ep ) 0T TH B,
© By -TEKX

gr = B- gt ¥ +D-8-¢

B = 9.4425X107%—-3.564X107*T+3.351X 10" 7T 2 for 400 = T = 500,
=0 for 500 {( T = 850,
4t = gt +In {(L+exp (Q — $t))/(L + exp (0)}
0 = 4.995, D=132x107?
e [ FBH 7 ) —TE (%), o: MisesBIEH 57 (kgf/mm?).
S:AxX Y Y FRAVV) (vol. %), T : BE (c).
¢ BEFEFHE (10%n/em?sec, ) 0.1MeV)
t . BEPETRISEUFAFERSE) (sec)
CEAEE] T =400 ~ 850 °C, ¢t = 3X10® n/cm’ o = 15 kef/mm®
M, T ( 400°CTiZ, S=0& L., BiZ400°CTHEMEF| E54HET 5,

@ #rV-7ERX

eth /100 = ep-{1—exp(—y -8} + deg/dt -t

et =0.001411, y=0.5427/tg . deg/dt =4.505X 107 tg =096

log,, (tR)=Ag+ Aq-log, o'+ Ag-(log,, o')*+ Ag-(log, ¢)° for o' = 12.5,
=Bg+By-log, o for & { 12.5,

o = ¢ X2/1.7320508, t:FAFERME (hr).  tg: IEETERM (hr).

Ag = 55867/ (T +273.15)—20.63, Aj=—71174/(T+273.15),

Ag = 56403 / (T +273.15), Ag=—15894/(T+273.15),

Bg = 28902/ (T +273.15)—20.63, B;= —3846/(T+273.15),

eth:??:? )= 7 E (%), o: MisesBEIE M5 (kgf/mm?). T:EE (°C)

[FAEEE] T =425 ~ 850 °C. ¢ = 18.4kgffmm?®. t= 0.5ty

#. T ( 400°CTH, e =0T 3,
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}2.3—1 FEAFER (3/3)

7274 PORTY) Y IHFAZ Y — TR

(1) RAxy I
AVIV=TR- gt
2z?, R = 3 Xexp [ —4.260-1.825-8—2.176-52+0.579-83 —0.027-64]
A = (T—437)/100
AVIV: Rz Y v 78 (vol %)
$ BEFETE  (10%n/em*sec, ) 0.1MeV)
t . BEPETEARFEUPPIFERBR) (sec)
T : @B (°C). |
GEAE] T =350 ~ 800 °C

2y FRz2 V- TERX
B2 ) = T E(eip)RBBE 7 V= 7B (e ) o882 ) — T E (e )P TH B,
® BEHZ7V-TERX
eir = 100-B- gt-o*3
sz, B = (—56.36+18.46X107%-T)X 1072,

eip: AT 7 ) — 7T (%),  o: MisesBEME S (kg/mm2),

gt EHAHTFREME (wem®, ) 0.1MeV), T : RE (°C).
CEA#E] T =400 ~ 600 °C. CZOREMHENATRE ¢ = 0L T 5,

@ #;2)-TERX
eth = C1-exp(—Qi/RT)-0*t + Cg-exp(—Qa/RT) - % ¢

T, etn: B2 ) — 7 E (%), o MisesEIFffi i) (MPa), T:iRE (°K)
b PR ERS M (sec), R=1.987,

C1=3.49X10°% Co=3.94X10%  Q;=8.31X10% Q2=1.08%x10°




R 2.4-1 BEEF-Z2_—VUvAYHEERHEY — %

-2 7 4 ¥ M H TR A v%i%ﬁﬁi BESH fii %

N o, kg
L{BZRA—RFF 4 Ml RAFERE 5 |/ 3w TSR
> ko PAE Y P | OF AL
3 10 [~ 8+ U & 58 4k H
i d o FAFEy b |0 FAHEALH]
3 15 |/ 3+ UfSEALR
5 P {47 i F o PZ2AH o b | ODFEELR
T BENGEE E 51/ 340 07 & B ALR]
3 v bPRHyw b |OFAFE
N 1023 +n O A
T o PRAEy P OF AR
11 1523+ O - B AY: )
2 t oy PREY P L OFHELA
3 BB E - 5|2 3+ 0¥ HE{LA
4 tw PZAEy b [OFHELLEA
5 10| 2 340 U 5 & 0 4k Al
T *w PREw b {OTAHFALLA
T 1517 3+ O ¢ & 5 4k A
13 S 9B D Ry PAF e b |OTHELE
19 B/NEEEE 5|/ 3+ UF 5 gL
20 o P XK b [ OFHELR
21 10 /2 3+ O3 & (LA
23 F o PRBy b | OTFEELA
23 15|/ 3+ 0¥ & 5E (b Al
T N Ry P AFEY b |OFAHFEA
25 | 7 = 5 4 F B HAFE OB R > 5|/ S F N O g & 0L I
T - ko PAR o b |OFHELRM
TAETE Ty A TS 3 T 15 [ & o bR o b | B A

G60-16 OTV6NL ONd
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3. HEHE
B3 - LCHEE-UA YRERR. U4vSn, SeKERRCREESIEH
Bo&Tn-2RL, £HEILOHEFREATERT. |

3. 1 HBE-USAYHEERHE
(1) U4 YED
TAXYERAE, RALYRD S,

T poaw( &= &

dt
L. mnomfmE  (ke/br)
T (B H ()

¢ 8 M (hr)

E :v4%v0vy 72 (kefm®)
Aw: 74 YOHFER ( 7o)

i e CEOUTHER  (1/hr)

EW: g4 YOUTAHEE (llhr_)

(2) BEEOOT 2R
BEEOVTRREE. RRALURDB,

1
o1 [{ez(1+da§ Y+ 7 D5 (1+463)° )7 _1]
Er = — 1 .
4t (gz_l_nzDg)?
4t :%Fﬁjfﬁﬁﬁ (hr)
L oA vEZE T (@)

D, #B&HCEHE ()

S MR T IHESFTOHSFBLOTIEL
4§ : " MAFELOT 2ESG

c C [
= J4E€zth + dEzswi 45ZCR

C .
5%CR=E(O’Z—J—-UH) P EAEs V=TT RES

[~

Oe 2
C
JEE = dEch + 4dEpsw + Jd€HeRr
c 4 1 . — e o 7 o
4 pep = ‘;:eR (og—50z) : BAFAZ V=705 5
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c
4E Zth
4€z 59

Oe

Il

(3) D4AYDOTHREE
DAYQOUTHEEF. KAEYRD B,

(4) VAYE3HE
DAY EBHRIE, KREYRD B,

L
!

dESy I BEEE U T A S

Mmw P R=Y v FOTARIES

4/%((0n~az)2+(ah)2+(az)2):

EMs Yy —TOTABES

Pi -Dg

2t
Og _ T-.cose
2 Ar

R E (K/m?)

B CEAE ()
He<EFRE ()
Be CEHER (m?)

-3, % Do, 4
tan (E‘!'"z“)}

{ 2l + d6sw + 488p }

T4 YTOREREOCTALES
T4 YOAZY IO TLIES

T4 YD Y-FOTLIEH

A=TL—Si=q o {U/0)? + (D; + dp)? }?

DAY eE

AV BN SREEHIARS

Dj.:

d12

ABF@MEA (Ke/za®)

1BHAELN

%"'t. —1’5"@% (mz)

EELN

i(i=1~-N&X - HOSRNVYy FHBICBT 2 HBY

T 51 1
DA Y P EE
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(5) HWEELIAVOHEITAY
ﬁ%%av%%uammmﬁ?Nu&ﬂ:?%ma?a,

3. 2 UAXEyFITNIHE _
&wﬁ%ﬂaﬁ%ﬂ%ﬁmtz@uwﬁ%%%ﬁ?é,

(a)xﬁﬁ(%Tﬁwva%ﬁEv%aﬁ<,%wwﬁ%av%atan)

Hh+@-1)1g=1

{2+ D1+ AP P2 + Bjmz,n {2 + M1+ P2 =1

L :U4veR

1 U AT HEEEHT MRS

D,: i(isl-N) A -V HOEMEY FHEEICETIREE
i A

d,: U4 ¥ REHEE

(b) fREER (Uff'\’%ﬁl:"‘y?ﬁ‘_tﬁﬁﬁtt’ﬁ(fé“é%wK‘?‘%n )
L=l —({i-1)X3 for i=2, 3, =, 1

(mmmzh_m~nwpd 

Si=n{li?+ @i+ d)?P2=1
A
li-—-a = £i+1 t{ﬁ%

3. 3 #HEGERNE »
mAKERIE, KA (RehnedR) L URD D, ¥k, RABERZELEIES

Bk ESRAARERICHTIELBLT 2.
AP = f-F-(S/St) - (o - wB%/2)/De - AL
£ = 64/Re’ + 0.0816/Re’ 0133, Re’ = ReXV'F,
F = (PD)S + [1.6Xdn/HEX @D, dn=D-+dy
Sp:/iv FMELRES, St 2BhBEE, o GAFER.
wpg : g, De:SEEE. AL - EMES, Re: b4/ VAR

P:evEFE Y F. D-wEEsAEE. H:B2fTEr 7. dw: 74 VEE
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3. 4 BEERATH
DAYBRACLDBMBBENS DL, RAXUKDD,

Mrax D, T+cosa

Oovtz =% =
: 21 As (e
' meDl - T -cosa —
Ojaz = 21 - A (ﬁ)
T
_L-T | 1 L-T-sina
Mmz = — sing + T -cosa _ T-L%- cosa TTE e E-I

TR BT

L vAaet 1:‘,,5—_@-%-(:_.._)
T : 74+%5H (ke)
1 : BESONB2kE=—2> b (=d)

E : a D% rE (kg z3)

D, : 7z OHE “(az)

D, : s ORE (=)
gt Do d

¢ =t L(z'z)

d 1 45&

Ar: DA YHEH
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‘ MRRHLI & ;H%H%% ‘ EEESE

BEE-ULY
HEMRBSE
DAY RBE 04 P EN
DAYEFIN | wmennny
Eig =}
\
StkERHE
BTN NS
EEHEREME HEERA HEEMEORRE
S PET 5

DAL

3—-1 BBRHEBEEAXR-YUASYOHEERIEIO -
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1Y
M
anh

THRERE
4. 1 BRA-ZAFTAMEIA YOGS
DA VYHEEHEEE LA OREA-AFTFA MNBEELEEEOEREE - U A
YHEERRUESEERTERERZUTICRTY.
B, HEFr-20#FEMC>WTIER2.4-12 8,
4.1.1 BHEE-JAVHENEH
(1) HBEENBEHEME

4. 1-1~F4. 1-8ICHIFELBB Yy (BARUENER) LANFEL
BBy (BRARUBRNEBHR) OJIFNERY PARY NEETOEHE
EHEEMBOHFASMH (EO3C) 2RT,

4. 1-1~FH4.1-8IC BT, BHEEABHENBRWTHhOFr-XbEY
FT#HAMAD1B800~2000mmOMEBETEARER>THWS,

ZZC. RALI-IKCE., LREFr—ALBI2BEENEHNROW S A
BAEZELHTRT,

FLA1-1CBNT, HEENEHEMNBE ) I FVEE. Fy ARy R
EnThoBa4bANFLERARBREYIBRRTHY, JIFVEEDYS
—~ATHO0.033, "y MARYMEETREWN0.026TH3,

(2) HEEWMHFWERS )

4. 1-8~E4. I-16ICANFLRBB Y Y (BARUCENBR) LAMFEL
REBCEY (BARCEDMRE) OJIFNLERY MARY NEBETOEE
EMAFHRERFOHEFHLSTE (EO3C) #RT,

B4.1-9~F4. 1-16IC BT, HEEMSMEBREREIVW IO —2HH
BEAREMBLARECTEM»S 1600~2000mmOfiETHK
tioTn3,

ZIZT, FAI21CE, LEEF-ALCBIAHBEHMINERSEOH S
MEAEEEEHTRT,

£4.1-210BVT, WELSHFNBRRIE) IFLEE, Ky ARy b
BENThOBELANFLBARBEYDIRATHY, JIFTIVEED
F—=ZXT0, 030, Ky AKXy NEETIH0.024ThH3,

(3) UAvEHEHhH

B4.1-17~H4.1-24Il T4 Y EBAWEE2 NG A - L LERUFLBE
By (RABRVEBMER) ROANFORNEY (RARUBAEE) 0
JEIFNERYBPARY NEETOUAVYRIOBERELERT.

B4.1-17T~F4. 1-24 BN TIA VY RARNT DSy ~2AEBO1CH
BATHIN, FTHAUFLEARBRBEYOIVAVYRANBRARATH S,
DAYERADBAUFLENBEBBE Y TIIIFNVEELLEF—X
(B4.1-23) AR A P ENTEE25,10,15kgelLEanTho
EHEO3C (MEFARY) KETDUWICTAVPEREANO LB, &
B. AFLEARABRBEV TRy bARY FEELLEF—-ANRED

— 17 -
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BB MO2C)IC T A PERANO L 2B,

¥R, DAVEMHEEO kgD Lok gl ELEREERICUAY
%ﬁﬁoa&&%%w%ﬁ%ﬁf%s4a(%m#u%m%%ﬁz,tz
FARY NRE) BETH D,

(4) UA¥YDHA
%41muwmmu%ﬁtu(%k&0%$%%)t%%#m%ﬁﬁz
(BARUBRNRE) O3 FLERy PARY PEETOIALYIEAD
BT { (BOL1C, EO1C, EO2C, EO3C) &#mx7.
#4131 BT, IAVYBARVWTAOr—AHB0O1C (RE#F0T
) NEAXRB., £E. UL VYERARIIFNVEE, Ry PARY MR
EnwThOoSELANFLBARABLCVABRARTHY., VA VYEBNANE
15keT)IFNEELLESSE #13.0kg/ mm*KYy FARY
NEEXULESEE H13.3kg/ mm’

(5) UA¥EBHE
M4.1-25~F4.1-321C T [ Y BHFHEENT X —F L LERUFLERH
Fy (BAERUEBNESR) ANFMBYY (BREUBNER) ©J
IFNERY MARY NRETOUAVEZHBEORBELERT.
H4.1-25~F4.1-32iCBWT, EO3C (BREHFHEXH) KBT3HUA
YERAEUHANFLBABBY Y TRy PAKY VEE. U4 YEHMH
BE®5kgllLiEr—2X (H4.1-28) EXT H1.1mmTH3,
nB., TRUAVEZHEABARELR2IAUFBRARBE>OUA VS
HHEE2S5 ke LEBAGL1lokgDEER0.02mmEBETHS.

(6) WMEEIKH
1A HEFELRBEY (BARUEB/NMER RUNUFLBHEY
(BARUOBNRE) OBRXREAVLEEREBICBIB I IFVERY
FARY NEETOIAVRBALLIZ2HEELHOZEZEL (BO1C,
EO1C, EO2C, EO8C) &#RY,

#4.14ICBVT. BBESARVWTAOr—2HBO1C (REF®Y

) AEAERD, ¥, BEEEHIR) IFVEEOBEANFLER
BB VOABEABRRATHY. BEHRAF2.0k g/ mm*, ERDSHD
4.5kg/ mm*THd, k. Ry hAKY PEEOBEERAMKICICH
AFLOBABRYYONEARATHY., BIREAN2.0keg/ mm*,
EHEEAN4.6keg/ mm*TH3B,

4.1.2 EHaETEHEE=E

' HEIAYEBHAEHBLBVTANFLOLANFLTIAYELHEN
BERrdr—2 (BRARAYY UL VEAWES keg) 20KELT
ECO3CIKBIAHAKEREMBIHERIToE.
BEKERAEICHVWSIA Yy FTFhE. FERLRBRALC KB 2T
—ZERELTWS, H4.1-3BRUEL. I-MICARRNERRBRATEMLEA

— 18—
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WFELEUCANFLRAERBL VORI A VY EYFREE2RT,

¥k, H4.1-33K U4 1-340 U A Yy FILESCEAKEETLEY
FLI51KRT, RAISKBOTHAFLDEARRRY YOS SKTHEE LR
HWARR, REXVWThD0.6%TH5. £, AUFLEBEARALCYOH
EHRERZLRIARRNOES0.3%, REROBR0.2%TH2, =2
TH4.1-35R U R4.1-36ICI, AAFLERUANFOBRARBY Y OS5 H
ERZERLSFERT,
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# 4.1~ WEEIMREERORAE (MYHHE  WR-27HD

HEEY | BERE |74 vRAEE WEENE |
(kg) | B (=)
5| 0.033
J iFn 10 0. 033
RATEEE 15 0.033
5 0.026
Fobak o b 10 0.026
PIHPELS 15 0.026
5 0.021
JiFw 10 0.021
I NFEE 15 0.021
5 0,020
o bak 9} 10 0.020
15 0.020
5 0.022
JiFN 10 0. 022
AT 1 15 0.022
5 0.021
FobAE b 10. 0.021
AR 15 0.021
5 0.012
S IFN| 10 0.012
e/ NFEEL & 15 0.012
5 0.014
b baE b 10 0,014
15 0.014
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% 4.1-1 BEHEWARERROBEAM(MHE : Et-27HD

ey | BERE |74 rBaAEE WEEHER
(kg) | BBARER (=)

51 0,080

JIFN 10 0. 030

IR AFEE 15 0. 030

5 0. 024

o b2 v} 10 0,024

PR 15 0.024
5 0. 020

2 YFN 10 0. 020

/N 15 0.020

5 0.017

o b2k 9 10 0.017

15 0.017

5 0. 021

JiFN 10 0.021

&ﬁk%ﬁwv 15 0.021

5 0. 020

Foha 9 10 0. 020

GRS 15 0.020
5 0.012

Jign | 10 0.012

%/J\%i%& £ 15 0.012

5 0.012

tv bAd ¢} 10 0.012

15 0.012




PNC TN9410 91-095

£ 4.1-3 T4 YEHoSEEL (VA YHE  BEA—XFF+4 )

wgey | B |1 vateE 7 4 i3 (ke/m?
(kg) | BOIC RO1C E02C E03C
5 5.4 2.6 0.0 _ 0.0
JiFn 10 9.1 3.6 0.0 0.0
ERAFEELE 15 2.1 4.5 0.0 0.0
5 5.8 0.8 0.9 0.0
eI VE 10 9.4 0.9 0.0 0.0
PR 15 18.0 1.0 0.0 0.0
5 5.2 1.6 0.1 0.0
J i+ 10 8.8 2.3 0.2 0.0
B/ NREE 15 12.4 2.8 0.2 0.0
5 5.4 0.2 0.0 0.0
o bAE o b 10 9.0 0.2 0.0 0.0
15 12.5 0.3 0.0 0.0
5 6.0 2.2 0.5 0.0
J3FN 10 9.4 3.3 0.8 0.0
R ASE Y 15 13.0 4.1 0.9 0.0
5 6.2 0.3 0.0 0.0
Fr 128 9} 10 9.7 0.5 0.0 0.0
FHHLERICY 15 18.3 0.6 0.0 0.0
5 4.9 2.1 L1 0.5
JiFN 10 8.6 8.1 L8 0.7
R/ NREEL 15 12.1 4.0 2.0 0.8
5 5.2 0.3 0.0 0.0
Fr bR o b 10 8.1 0.5 0.1 0.0
15 12.2 0.6 0.1 0.0
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5 4.1-4 74 RhICE B HFREEIHOBREE (1 /2)

(74 YHE  WRA ~RAFFHA 1)

ﬁg B 1 (kg/m2)
b3 1 el BERME 74 R Ehfir BoAGEAA Bt
(ke) BOIC E0LC E02C E03C BOIG E0IC E02C £03C
ShE 0.8 0.4 0.0 0.0 0.8 0.4 0.0 0.0
5 -1.8 -0.8 0.0 0.0 -1.8 -0.9]- 0.0 0.0
] 0.7 0.3 0,0 0.0 0.7 0.3 0.0 6.0
L7 -0.7 0.0 0.0 -1.7 -0.9 0.0 0.0
Y L4 0.5 0.0 0.0 L4 0.6 0.0 0.0
JEFN 10 -3.1 -1.1 0.0 0.0 -3.1 -1.3 0.0 0.0
i 11 0.4 0.0 0.0 1.1 0.5 0.0 0.0
-2.9 ~1.0 0.0 8.0 -2.9 -1.2 0.0 0.0
YHE 1.9 0.6 0.0 0.0 19 5.7 0.0 0.0
15 -4.4 -1.4 0.0 0.0 -4.4 -1.6 0.0 0.0
P L6 0.5 0.0 0.0 15 0.5 0.0 0.0
IEATEHE -4.0 -1.3 0.0 0.0 -40 1.5 0.0 0.0
SVE 0.9 0.1 0.0 0.0 0.9 0.1 0.0 0.0
5 -2.0 -0.2 0.0 0.0 -2.0 -0.3 0.0 0.0
P 0.7 0.1 0.0 0.0 0.7 0.1 0.0 0.0
-1.8 -0.2 0.0 0.9 -1.8 -0.3 0.0 0.0
ShE 1.4 0.1 0.0 0.0 L4 0.1 0.0 0.0
oA b i0 ~3.2 -0.3 0.0 0.0 -3.2 -0.3 0.0 0.0
I L2 0.1 0.0{ 0.0 1.2 0.1 0.0 0.0
-3.0 -0.3 0.0 0.0 -3.0 -0.3 0.0 0.0
SHE 2.0 0.1 0.0 0.0 2.0 0.2 0.0 0.0
15 -4.§ -0.3 0.0 0.0 -4.5 -0.4 0.0 0.0
P 1§ 0.1 0.0 9.0 L6 0.1 0.0 0.0
PAIEHERLy -4.1 -0.3 2.0 0.0 -4.1 -6.3 0.0 0.0
4N 0.8 0.2 0.0 0.0 0.8 0.3 0.0 0.0
5 -1.8 -0.5{ 0.0 0.0 -L8 0.8 0.0 6.0
i 0,6 0.2 0.0 1.0 0.6 0.2 0.0 0.0
“-1L.§ -0.5 0.0 0.0 -1.6 -0.5 0.0 0.0
SHE L3 9.3 0.0 0.9 1.3 0.4 6.0 0.0
JEHL 10 -3.0{ 0.7 -0.1 0.0 -3.0 -0.9 -0.1 0.0
P 1.1 0.3 0.0 0.0 1.1 0.3 0.0 0.0
-2.8 0.7 0.0 0.0 2,8 -0, 8 -0.1 0.0
i L9 0.4 0.0 0.9 1.9 0.5 8.0 0.0
15 -4,2 -0.9 -0.1 0.0 -4.2 -1 -0.1 0.0
P L5 0.3 0.0 0.0 1.5 0.4 0.0 0.0
5 e A -3.9 -0.8 -0.1 0.0 -3.8 -1,0 -0.1 0.0
ShE 0.8 0.0 0.0 0.0 0.8 0.0 0.0 0.0
5 -1.3 0.1 0.0 0.0 -1.9 -0.1 0.0 0.0
i 8.7 0.0 0.0 0.0 0.7 0.0 0.0 0.0
-L7 0.0 0.0 0.0 -L.7 -0.1 0.0 0.0
SHE L3 0.0 0.0 0.0 1.3 0.0 0.0 0.0
B hAd b 10 -3.1 -0.1 0.0 0.0 -3.1 0.1 0.0 9.0
HE L1 0.0 0.0 5.0 11 0.0 0.0 0.0
-2.5 -0.1 0.0 0.0 -2.8 -0.1 0.0 0.0
SHE L9 0.0 0.0 0.0 1.9 0.0 (4] 0.0
15 -4.3 -0.1 0.0 0.0 -4.3 -0.1 0.0 0.0
i 15 0.0 0.0 0.0 L5} 0.0 0.0 6.0
-4.0 -0.1 0.0 0.0 -4.0 -0.1 0.0 0.0
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£ 414 TAYENC I SHERECHOEREE (2.72)

(74 TR : BRA 2T 1)

ﬁ; BB (kg/mmd)
wHEYy BESEM (74 VEE A BOREAAS B
(kg) BOIC EOIC E02C E03C BO1C EOIC E02C £03C
S 0.9 0.3 0.1 0.0 0.9 0.4 0.1 0.0
5 -2.0 -0.7 -0.2 0.0 -2.0 0.8} -0.2 0.0
P 0.7 0.2 0.1 0.8 0.7 0.3 0.1 0.0
-1.8 -0.6 -0.1 0.0 -1.8 -0, 7 -0,2 0.0
SE 1.4 0.5 0.1 0.0 1.4 0.5 0.1 9.0
JEHL 10 -3.2 -1.0 -0.2 0.0 -3.2 -1.2 -0.3 0.0
P 1.2 0.4 0.1 0.0 1.2 0.4 0.1 0.0
-3,0 -0.9 0.2 0.0 -3.0 L1 -0.3 0.0
i 2.0 0.6 0.1 0.0 2.0 0.7 0.1 0.0
15 -4.5 -1.3 -0.3 0.0 -4.5 -L5 -0.3 0.9
M L6 0.5 0.1 0.0 1.6 0.5 8.1 0.0
AR 4.1 -1.2 -0.3 0.0 -41 -1.4 -0.3 0.0
S} 0.9 0.0 0.0 0.0 0.9 0.1 0.0 0.0
5 -2.1 -0.1 0.0 0.0 2.1 0.1 0.0 0.0
o] 0.8 0.0 0.0 0.0 0.8 0.8 0.0 0.0
-2.0 -0.1 0.0 0.0 -2.0 -0.1 0.0 0.0
ShE 1.5 0.1 0.0 0.0 1.5 0.1 0.0 0.0
Fohad ok 10 -3.3 -0.2 0.0 0.0 -3.3 -0.2 0.0 0.0
I 172 0.1 8.0 0.0 1.2 8.1 0.0 0.0
-3.1 -0.1 0.0 0.0 ERIEEY 0.0 0.0
5 2,0 0.1 0.0 0.0 2.0 0.1 0.0 0.0
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