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Stable Crack Growth Prediction Methed of a Cylinder
with an Axisymmetrical Surface Crack

Katsumi WATASHI* , Ichirou FURUHASHI **
Toshihiko SASAKT ***

ABSTRACT

This paper describes an experimental and analytical result of crack growth behavior from
circumferential slitted-cylinders under cyclic cold transients. PNC 1s promoting R & D program
aimed at assesament method of crack and/or defect at creep temperature for FBR application, the
experiment and analysis is one item of them. The purpose of this study is to verify the
applicability of the method developed recently in PNC.

Test models made of 30U austenitic stainless steel are 1.5 m in hight, 70 mm in inner
diameter and 30 mn in thickness, and have axisymmtrical circumferential initial machined-notches
on inner surface. As a first step, five machined-notchea with different depth and width were
tested in Air Cooled Thermal Transient Test Rig. One cycle of thermal loading is such that the
nodel heated up tp 650 °C by furnace, then air blow into the model for 5 min. This sequence
caused cyclic temperature gradient in the wall of the model. The tests were continued till
crack depth exeseded 20 mm. DC potential method and precise ultrasonic examination were applied
to measure the crack growth. After the test, the model were dismantled and laboratory fractured,
then striation spacing was measured continuouasly in the direction of crack growth. The
experimental result was summarized as crack growth rate and reliability of online monitoring
measures. _

Thermal-inelastic finite element analysis facilitated evaluation of fracture mechanics
parameters,A J + , for thermal fatigue. The crack growth behavior was well predicted by the
analysis considering a scatter band in material crack growth character.

A simple method for-inelastic crack evaluation was developed in PNC. The method is based
on & database of linear fracture mechanics, and includes plastic and creep/relaxation
modification. Firstly the applicability of the database to present problem waz demonstrated
comparing with thermal-elastic finite element analysis. Then A J . and the crack growth
behavior were evaluated. The result agreed well with that based on precise fracture mechanics .

analysis.

# . PNC/OEC/SES
#% . ATS Ltd.
w#% ;. ISL Ltd.
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e"NT'| 20.0 50.0 100.0 150.0 200. 0 250.0 300.0 350.0 400.0 450.0 500.0 550. 0 600. 0 650.0  700.0
0.0000 | 6087.6  9913.8  20025.5 35397.2 54992,5 75418.2 01702,5 99291.3 96152.3 83641.3 65642.9 46682.5 30214.4 17875.5 . 9709.2
0.0001 | 3569.5  -4784.3 6985.2  8950.7 10211.0 40621.5 10421.9 9987.4  9502.5  8863.4  7864.7  6450.8  4799.6 3207.2  1915.9
0.0002 | 283]1.3  3547.1 4710.9  5607.0 6053.5 6058.7 5803.2  5496.0  5220.8  4901.3  4403.5 367L.1 2781.0 18913  1147.0
0.0004 | 2373.5  2822.9 3484.6  3916.0 4049.6 39323  3695.7  3467.8  3200.0 31045 28166  2378,3  182T.3  1260.0 718.2
0.0006 | 2117.9  2436.1 2869.5  3108.8  3128.0  2979.6  2766.9  258lL.0  2446.8  2316.3  2114.5  180C¢.1  1383.5 970.7 800.1
0.0008 | 1946.1  2183.7 24846  2619.9  2583.2 24260 2233.0 20739  1964.9 18645  1700.0 14644 11428 300, 0 497.4
0.0010 | 1747.3  1900. 4 2070.1 ~ 2110.2  2028.8  1872.2 1704.4 15745  1490.6  1418.6  1308.4 1128.9 8882 526, 8 302.4
0.00L5 | 1559, 1 1640, 0 17047 1675.3  1567.4  1418.8  1276,.0  1171.¢  1108.6  1058.5 982.3 854,4  B78.3 482.9 304.6
0.0020 | 1432.6  1470.1 1476.1 1411.8 12942  1155.1 1029. 8 941.6 890, 2 832, 0 704, 3 695.1  3536.5 388.0 252.4
0.0025 [ 1339.3  1347.5 1316.2  1232.0  1i1l.4 980. 8 868. 3 791. 2 T4T.7 T17.0  670.8 589.8  473.8 341.3 217.4
0.0030 | 1286.7  1215.8 11497 1046.4 928.0 809.2 710.5 644.9 §08. 1 585.3 550.0 486,2  3888.0 284.8 182.3
0.0040 | 1135.3 . 1089, 8 965, 5 884. 4 767.2 658, 9 573.4 518.2 489. 1 471.2 444 8 395.6  32L.8 .  234.7 15L 1
0.0050 | 1062. 3 999.0 887.6 771.8 g58. 2 558. 5 483, 5 435, 4 410.8 398. 5 375, 6 338. 7 274.5 2013 130.0
0. 0060 | 8809 901, 3 775. 4 857. 4 o50. 8 461.6 395.6 354.9 344.6 323.7 307.9 2787  221.7 1687, 9 109. 2
(.0080 | 901.3 807. 9 671.4 554.0 454. 8 375. 8 319.3 285.1 268. 7 260.5 249.0 225.1 188.5 138.4 80.5
0.0100 | 809.3 703.1 550. 4 4486, 2 357.2 2900 243. 7 216.5 203.9 188. 2 190.5 1735 144.9 108. 5 T1.4
0.0150 | 722.1 606. 8 480. 6 354.3 275.9 219.8 182.5 161, 1 151.8 147.9 143, 1 131.3  110.7 '83.5 55.4
0.0200 | 663.5 543. 9 308. 8 208.5 227.9 178.9 147.2 129.5 121.7 119.1 115.7 106. 8 80.6 68.9 45.9
0.0250 | 620.3 408.5 355. 6 260. 5 195, 7 151. 9 124, 2 108, 8 102. 3 100. 2 97.7 80. 7 17.3 58.0 39.5

BirRidkef /m® ROUC
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@) BAFRT v |
Cold Transientod HHEHF Lico (REMIFAOIRT v 7, WUMISEHEIFA65R 7
vy T TH B, RIGHBIRDORT v 72K 1 2AUTFRT,

#3.1L2 BHEEEHBEFRORTFT S

2R | BRI | R || IS8 | BERFR | 250
AFv 7| AFv | sec R7Fe 7| 2AF v | sec
1 1 ‘0. 000 34 40 13. 000
2 2 6. 000 35 41 14. 000
3 3 6. 083 36 42 15. 000
4 4 6. 167 37 43 16. 000
5 5 6. 250 38 44 17. 000
6 6 6. 333 39 45 18. 000
7 T 6. 417 40 45 19. 300
8 8 6. 500 41 47 20. 000
9 9 6. 583 42 49 22,000
10 10 6. 667 43 51 24, 000
11 11 6. 750 44 53 26, 000
12 12 6. 833 45 55 28. 000
13 13 6. 917 46 57 30. 000
14 14 7.000 47 59 32. 000
15 15 7.083 43 61 34. 000
16 16 7.167 49 63 36. 000
17 17 7. 250 50 65 38. 000
18 18 7.333 51 67 406. 000
19 18 7.417 52 69 44, 000
20 20 7.500 53 71 48. 000
21 21 T7.583 54 73 52. 000
22 22 T.B887 55 75 56. 000
23 23 7. 750 56 76 58. 000
24 24 7.833 a7 77 - 60. 000
25 25 T7.917 58 78 65. 000
26 26 8. 000 59 79 70. 000
27 28 8. 500 60 - 81 §0. 000
28 30 9. 0060 61 83 80, 000
29 32 9. 500 62 85 100. 00
30 34 10, 000 63 87 110.00
31 36 10. 500 64 89 12, 000
32 38 11. 000 65 91 13, 000
33 39 12. 000 :

3. 2 MITHRE

(1) BERZE
HEABRESFORUMELOHEBELIRRELRS. 2.1 KFiT, BERIZBEL —
LTWw3,



PNC TN9410 91-034

@) WAVGFHOEE
O WHIEHEFERLBEREIBIBERANGE LT LA, FRTRREHESD
it#ﬁ%ﬁﬁﬁi®ﬁﬁém“koﬁ%ﬂﬁéﬁgﬁﬁ%imbfméoC®E
Hit, R TWOBRILILFBRTELISBE-—FOZIRERBZWMDE - 12 &H
R, WFNOFEABVOIIR TEX RV DHTH S,

) BEHEERDE D
T PBAMERS 2L KRT .

#3.2.1 BHBEHIZELKoFELED

% B Xon 1 5 9 | 15 |20

B 2.3418 ] 3.9503 | 3.7995 | 2.2998 | 1.1992
( ¢ Imax

kef/mm®
HEYAME | 0.6423 | 1.6831 | 2.33261} 1.3631 1} 0.6423

1) EEHEER
FWERTEGRELRS L2 CAT, £3.2.3 CENERCETARFERELK
OHEREART, M3.2. 2 ¢ HEIOTFHELRREROMERET T, 2RERR.
BREBEIECLZTNLY bEL . BEBBBEALCIETFNIOLRELB-TEHD,
COHEAEETERH TR, BEF. TV HOBH S UEBRREARTHS O 0



PNC TN9410 91-034

| %3.2.2 EWEREHELR
BEE AR THPH U I
ERES -
mm JHMAXCOLD da/dN No» JHMAXCOLD da/dN Ne
kegf/mm? am/cycle kgf/mm" mm/cycle
0.013813 0 0.0020873 0
1 2.3418 0. 0041060 0 0.6324 0. 00062045 0
0. 0012208 0 0.00018444 0
_ 0.029382 212, 86 0. 0085750 1191. 4
5 3.9503 0. 0087340 T716.08 | 1. 6831 0.0025490 4008.1
0. 00259683 2408. 8 0. 00075772 | 13483
6. 027777 352. 93 0.013735 1570. 3
9 3.79905 0. 0082568 1187.3 2.3326 0. 0040828 5282. 8
0, 0024544 3964, 1 0.0012137 17771
0. 013457 683. 87 0. 0063246 2263.0
15 2.2998 0. 0040001 2300.6 1. 3631 0.0018800 7613, 1
0.0011891 7738.3 0, 00055887 | 25611
0. 0052568 1345. 2 0.0021346 3829.5
20 1.1982 0. 0015626 4525, 4 0.6423 0. 00063452 | 12883
0. 00046451 | 15224 0.00018862 | 43338
#3.2.3 E2WEBUEETIARESRE LHOHEER
o BB > | WMPERENYE —=
Moz EBETH HEoOZUERER
LR E|ETHE|TREE|EBRE| T E|TE@E
1 mm=> 20mm
~DER 1345, 2 4525, 4 15224 3829.5 12883 43338
1 mn=> 1 9mm :
~ D E 1130. 9 3804.1 12797 3278.8 11030 37105
3 on= 18mm
~DER 845, 48 2844.3 9568, 2 2037.0 6852. 6 23052
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" TEMPERATURE (DEG)

TEMPERATURE (DEG!
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STRESS

FINRS
X 10t
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0.6 0.8 1.0
TIHME --~CRACK =zthH---

ATTF (A=IMM)} STYRESS HISTORY ( EL=105 )

X3.2.2

HUEBIFCIEEIRSOERE (a=1m)

1.2 % 102

— s
51G-R
—ri
516~-2
—_—N—
SIG~THETR
L W—
S1G-RZ
————
Vi3S '

v€0-16 OLY6NL ONd



(KG/MM=ax2)
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4. FEEEREORZE

AETH., PEMRECE S HMBEEFRRERCBRT S FEERNT 5,
BEERD B - BB BV TE, HRABE IR TS - 72 2 IS A BRI D BB - TV
BVWC ek s BEBEMOL S5 SNE -7t AR TRIBNTSBTS 50 THENE
 BEEEETS 5. |

L1 PAEAFALEEBERTKEOR ernces — 7 L R
) HEATHREEROBARARKOEN AT CRUTOBRERETHIDITY B,
(k4. 1 BXT4L 2BR)
DR, tkE
PHEL 508304, MIEE : 33.5mm, A ¥R : 40.5, 46.5, 73.5 (uwm)
WE: 7.0, 13.0, 40.0 Cmm)
B=17200 Kgf/mn® , »=0.3, a=1.769X10"° 1/°C, AT=100°C
@OHERE _

FMEAEOHBEERICSVWT, INBEF VLB FHEREL LR AEES
FARICHIGTIEALAREBEZHEL TV, ¥ZHFNEESHREESFT 302
HAERPZSHHBROTHERAET S 2~4RERAFT, WTIFhbAEMEZEBR L LAAT
BEZ%E 1000CELTWE, BALZGEBSIURESRMEESHOEFIILERAL 1 5
T, HENEOCHFHREREXH I VTR, HEORFRHEA*EHO FAERTE
FAEL, —ENEER., ¥EAFRBESHAFCH L TEARABEREHE LTV 5,

ORI 5 &

K4 2 2B ZHOLAERBEOFEIM KX aEIICAWK A v v 2 HE2RT BT
EFNZERDOLSI RS 2OBEBICHET 5, a7HBUEEREREEZFLETIBIESR
Bic, a7HEBEROOBO—BER T URHROER L QUKL AT 2R THE X
hd, —REHIL, IRTVRIBFRICAEZh S,

BEOEREXREL I EEE TR, SEERZEIEZSIL THABKFEITO,
BONAZIHEEEFOMAENME (4 1) K. (4 2) RERATBEZECLDIEN
LAFRBERDBLOTHAHN, CCTREREREILETZITHBOER G
BEREETHOVTV S, FHERETE, HAL2RRTLISCHEREERMER L o7 R
WKalh, FREZFHARBOERERCZIBEO | ROZEUBEKER ., 3 7THEROEBERICI X
RO ABOBABEER L (43) REAVWTILAHBEFR 2TV, FEX0ED O
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EDELTIHANAEREARDB2LDTH B, (4.1) X~ (43D . G FITHEER

B,k Wy ARTFTVCRHELTRATEZINS,
K= 8 — 4 e s s

k=(3-v) /(1 +v)

CEET &)
(—HALFE@IEA)

(4.3) XD usv DEFNFIOE I FREBEBoFERAEEZERELLLOT, IR®

ux &u, OFHEVGTFHDBEORNILHI 5,

EHURBAETONNBLTRUIBOR

AAEZFEOMEDES

LS cos—41—sin—-sin—1t+¢g°
/Zyrp 2 2 2 rr

 Ozx =

ey =icosg 1+sin—?- sin 36 +g°
W e 2 3 2 [ 7w

Ky . 8 g 36 o
Ozy = $IN-—~COS —CO8S—+ 7

YU S 2 2 2

_ KI Zp _ e _ 36 0
Us=ga —F—Z—[(ﬂc 1) cos - 0037]4‘ u;
K 2 .8 . 30
Uyz_gCIT - -Eﬁ[(Zk+ 1) Sln7—31n7]+ u‘,,’,

HAEANREDRS
Gy = — LS sin—e-{2+cos£-cos-§-6-’-}+a°
rr ‘\/‘% 9 2 2 *x
_ Kp

.6 6 39
SIN—-C0S—-COS—— 1+ &

W e 2 2 7 " w

K . .
Tyy = L cos %{1 —sin i » 81N 3—9} + +af_.y

s 4] 2 2
_Kn [2 .8 . 3 o
UI—W ?[(2k+3) sm§-+s1n—§—}+ U,
Ky (2 B a 36 0
Uy _W —?T—[(Zk 3) COS—2—+COST]+ Uy

v

(4.1)

(4.2)
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BRERED 1 7 E B 5 T B

u=—é%- %[(S—BV)COS%—COSSTBJ+a1+ajzx+aay } (4.3)
=K1 [0, oy 0 3_6]+b
VEoE ?[(7 8v) sin 5 —Sin— 617

@ OOMHKRFECHVT, AHFELAXRc®HH (Unifron tension), HIFEES
(Linear destribution). HMEHSBE S (Paradbolic distribution) #&HFHLAKEOE
asStIEH U TCHESHAKBERECHEL | EXH4 2L0EAM2, M4. 3, Hi 45

JURL S EEBEROBEGOMA, HHEESHRCBFAREESFOBOKER O
BILDr757%%T TOKBEEEK K, Ko Keao &9 3,

B UFOROL> i, BREAFICHTBIEASEEFROR THELT 2.

linear distribution)

AT = 100 CEBEIZH L T g1
o1 = EaAT/2(1 - )
---------------------- (4. 4)
— g1
(Parabolic distribution) T2
AT = 100 CHIBICL T g1
09 = 2EaAT/3(1 — )
— T2 /2
"""""""""" (4 5) -
PEXy, REPLOEZES ST 5EROBINEIE ST op

(EFIEH=0) OKER ( Kar - Kia ) THASH B,

agp= 03— 01 = 2EaAT/3(1 —v) — EaAT/2(1 —v)
=EaAT6(1 —v) ooeommemeeemmeeeaes (4.6)
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@) @QoERoKkmi, K &OK.. . Q0RO o, KT or 2BVTSHa /t DK
EKEELUTORCLOHET 50

Fn = Koif(n,/7a) 777 4.7)
BESH (oo = 10kgi/m? ) icts B MR TKE
F;=K¢,-n/(01 5 I (4'8)
D B (I E— A v NSSHSERES) i B EKTKE
------------------------------------------------- (4.9)

Fp= (K~ Kun)/(0r/7a)

5 WTHBEULABRLKER:L2T - 7MELTT o3 LllaRAALN,
a/t= 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9
o453 BFm Fu, Fe 2F— 7L4LL TCANIS-G V2ILHIBRAAK, RBEZROT - T A%
FA 1, BAHEBEREXROF - T LERL ZIETT, '
BL. a/t OBEEEIZ0. 0<a/t<1.0 TH D, a/t<0. 05D FHEZa/t=0.05, 0.1 OfE%
EHLTAEL, a/t>0.9 0B&Ra/t=0.9, 0.80EEMHEA L TAHRE L TERTK E% I

BHEa&d27usr7L8hTVa,

42 ATTFR2AZHOKERVESHERHE (CANIS-C V2 (X#R4 3) I & B8]
m % R
ONE : T0m - AZF: 130m -« RE : 30m
Q[XLE : PHIBERE: S noARELFHZE
(2) HRiR&H ,
HEFERIUTORKEGETHEEZT -7
o =
OENELARNLETSOEES 650CHhs 100CKETELTI-NLVFFF VT x
v NBIERETR 7 v 7 (59.99sec) THD, Thid FIMER TINBRKRELL D SRR
X (5m) PEIALATy TEBIDINBRELCERHAEEZEL .
QIENSHE  ERLABEACEIIEZRELHAREFREAOS Do . Ka (F4.6)
@B B : 4287C
@EFESRERA - BHEAITER
T, AJ=AK/EE TCANIS-G V21 THIERALTV 3,
chid. PEOTFAICELBHE (AJ=AK? (1 -») /ELD AT EREDIHM
L, Z2R2HERLITEMTE2LH5FZELALLOTH S,
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g, ERERRBUTOREER L THEEZT - 7,
da/dN =c(AJJ)" , C=1.2022 xX107% ,m = 1.4435 (4.10)

BWHH BRI TORFRGECHEET -
OF &
MENEZHENEEROBES 650CH5 100CKE{SEE2I— LR35y ox
v PEIBEHETR T v 7 (59.90sec) THY., Thid, FIM BIFTINBALET 3 5 5
BE (9m) OBIALRATFy FICBFBINBRKELIBEEEEE LR,
@A : BRLAKAICET 52 BB UAREFEGARTD 0. K5 (K4 7)
@R B : 482¢C

@B X ZHERA] : BMAT A (A = f.,<HMEA)) (4.11)
fep* WIERRS = Een/op-+ %y (2Bera’) (4.12)
[E YU TR, or  BRIEH ]

oy BRIES, ex : BRISHOEED TS
$7, SBEBBELTORXREALTVS,
da/dN=c(AJ)™ | € = 1,2022 X107° ,m = 1.4435

@ENOTHME  BRNEHTTHHER

QEAATHEESMRBILEL, BUEH (FHRS. 0. ) . #IFIBA (MTE— A v 0%
BREERRD 01 ) REZALUAOERERS (0 ) KHET 5, ZOEHRBRHH
REFLEERALTIRARSGEEINZLOLEELL | ~DOBRTKERE Fr %
BHET 5, '

M= ‘ft_/f/zo(.r)dx =gy - t*/6

£Doy ZRHBE, 2ITo (x) IMEAEEHAE, M BFE—A Y b, t: KE
TH 5B,
Gp=G(E/2) — 01 oo (4.14)

FVor ZEHT B,
COMFEXETAVSE, QOBIFRETR LUARAICS Y AATITFIRESHEG AS/ICE 0
TUTORANESEIHES L 3,

BMEHHE 0.0 =00, ¢ =56.57T, o, =34.02 (Kgf/nn®)

HEHMEHHE 0. =00, o, =27.50, opr =500 (Kgf/mm?)

QFRHERKIHAIGLTCE s/t BY A BKRTKE Fa. Fi. Fr A, (WOBREHEALT O

VLKLV ESAUTORTIEAEAGHRKE NEHEI W S,
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K=(Fm0'g+on‘,1+FPO'p)_\/FE_a """""""""""""""""""""""""""" (4.15)

AEFIL LB/t KBYRKEEFEMBALRE LA/ 724 8RR T,
(5) CAMIS-G VR L D BBEAJT ., BBHAIE2HEA L CERERHELT -~ RELEFEM
B (FEMBIIXAIJAZBAVWAZRERIE) LEELTHL 9ITRT,
COBBRBVT, ANBER LI BREINERHES BUEREEAEDITEML.
WU EBERH R EREA /NS DI FML TS, FEMBICHL TRBRRT. 3
MRS D EREREBERANYEEAEDCEMTIMTTHH0, KEHEV—K
ERLTWVS. |
PEXy, coBfcB W TABMBEGFEMBOMREALENRCERLTVWILE

A Bo

L3 EBRELHEASHORSOZLHOBR |
%ﬁﬁ?mﬁﬁ%ﬁu¢5%%ﬁbﬂmﬁﬁﬁ%ﬁmLTAK@ﬁﬁ%ﬁﬁm‘AK@
BRE R —RAL, BELABSOZYSHEREL .
g BRADE — 7 HER6(7.99sec) A7 v 7 ThHD, EHEFHEAEROERGOE -7
BARNUTOEED TH S,
o~ : 56(57.99 sec) . 57(59.99 sec) A7 v
oo : 58(64.09 sec) AT v S
g, :52(43.90 sec) AF v 7
Lo THEET- A BAR50~602F » 7TOHBEE L,
ELIRBBHEHOGASTHIEWN T 2AKQ)OBRREEZOBDa/t BLUa (ZFHRFEX)
EFT. $/o. BAAKBEBBICHVWTAKSARALHIBEAS LV ZOEERT .
CORRED, AKPRKEBABEHIBITRAT v 7 (59.99 sec) THY, ZBRLAKAD
FUHENFRIE S N,

PEo#RELD, BB LHOBARS (2BAZHOESZo: BS) HERKEBIKA
LLAWE, HFEHAXENTIES R, NERELIBEANERA7T y 7TOAKEHE
L. ZNASAE N ANHOZRE LREFALNSHREEBL THEHELZTALS &
KEDVDBVWEECTFEMBABERL., 2REBBIFZTICENTEZELEDN S,
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(2% (k)

41 fEE i, TREHSEEREHOWEAENRE] |
PNC SN941 81—104, 1981 5)510.
4.2 tEH ffi, TREFIREREBHOWHEARCLIBRFT (E28) 1 .
PNC NO41 82-198 . 198248 H. '
4.3 AR i, TCANIS-G V2 il <w—-a7J)) . BITFE,
4.4 J.R.FARR et al., TlInternatiol Journal of Pressure Vessels and PipingJ .
The Revisions to the Structufal Integrity Asséssmtnt Method CEGB/RS,
Vol. 32, 1988.
1.5 EE . ISR EE RN ORHTEH KT A2MAE (V) . 27U - FESSEER
MR ORET) . RITFE.
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#F4.1 HENER2A SO TKIER
t B (@), a: ZHEX (nm)_

t a/t| 0.0 0.05 01 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 L0

Fm| 0.852 1.049 1.146 1.216 1.297 1,433 1,580 1.762 1.937 2.241 2805 &.360

7 |Fb| LOBI 1.053 1015 0.938 089 079 0738 0652 0577 044 0300 0159

Fp| 1.333 1.058 0.773 0.4714 0242 0.047 -0.006 -0.171 -0.211 -0.204 -0.181 -0.118

Fm| 1112 1120 1.128 1172 1,243 1.311 1.416 1535 1.638 1.807 Z2.507 3.927

13|Fb| 1165 1.095 1.035 0918 0.8%8 0738 0.652 0562 0.465 0.35¢ 0.239 0.123

Fp) 1.08% 0.869 0,649 0,411 0213 0041 -¢107 -0.195 -0.232 -0.205 -0.148 -0.066

Fm| 1,156 1.117 1.078 1.061 1.050 1.082 1.089 1.157 1.284 1.501 21583 2.805

40 [Fb| 1.256 1.157 1.088 0.88 0.758 0.642 (.533 0.438 0. 347 0.257 0.169 6.081

Fol| 0.998 0.838 0.678 0.358 0122 -0.043 -0.171 -0.234 -0.240 -0.218 -0. 162 -0.106

F4. 2 HEAEES R & RORICTK g

t a/t] 0.0*' 0.05 0t 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 L0

Fm

T|Fb| 1.070 1.044 1018 1.009 1.003 1.008 1.027 1.038 1.020 0.922 0.667 0.412

Fp| 1.265 - 1.014 0.763 0.481 0,279 0.140 -0.008 -0.114 -0.165 -0,188 -0,223 -0.258

Fm** 0,080 1.069 1.158 1.275% 1.393 1.527 1727 1,950 2170 2,428 2,895 3.362

f13(Fby 1179 1104 1028 0.869 0.944 0914 0.87™ 082 07336 0591 0371% 0167

Fp| 1.003 0.850 0.697 0.440 0.225 0.068 -0.064 -0.156 -0.194 -0.181 -0.159 -0.127

o

Fm*' 1168 1.148 1.128 1.051 1.0i7 1007 1.026 1.046 1104 1163 1.461 1.720

40(Fbj 1.215 1,120 1025 0.87 0734 0.626 0.522 0.416 0307 0.18¢ 0.033 -0.115

Fp| 0.020 0.826 0.623 0.330 0.130 -0.053 -0.165 -0.207 -0.216 -0.204 -0.160 -0.116

(x1) : #EEG/t=0,05, 0. 1{#EF), (:2) : J4H(E(/t=0.9, BHEHF)
(#3) : o ReP/t, PIE Py = 1.0 (kgf/mm®), FHPERE Ro = (RiatRow:)/2 = 40, 0(m)
(*4) : G’,me'Pl/t, P"-’}EE P = 100(1‘(3{/0]!]12), SF‘% Rm = (Rln+Rnut}/2 = 535(“11!)
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#4353 BIFXRFyTEAKORKE
A (sec) AK a/t a(mm)
50 (37.99) 239.2  0.1665 4. 9950
51 (39.99) °©  242.7  0.1694 5. 0820
52 (43.99) 247.6  0.1735 5. 2050
53 (47.99) 250.8  0.1763 5. 2890
54 (51.99) - 252.9  0.1781 5. 3430
55 (55.90) 254.1 0.17(;)1 5,3730
56 (57.99) 254.4  0.17983 5. 3790
57 (59.99) 254.6  0.1794 5. 3820
58 (64.99) 253.5  0.1784 5. 3490
59 (69.99) 253.0  0.1777 5.3310
80 (79.99) 249.9  0.1748 5. 2440
#4 4 EFHBEILAKDORKH
FZEE (nn) a/t AKX A (see)
4 0.1333 248.5 57 (59.99)
5 0. 1667 254.0 57 (50.99)
6 0. 2000 253.7 57 (59.99)
7 0. 2333 247.9 57 (59.99),58(64. 99)
8 0. 2667 238.7 58 (69.99)
9 0. 3000 226.3 59 (69.99)
10 0.3333 214.5 59 (69.99)
11 0. 3667 200.2 59 (69.99)
12 0. 4000 184.7 59 (69.99)
13 0. 43383 168.4 59 (69.99)
14 0. 4667 149.6 59 (69.99)
15 0. 5000 1380.8 60 (79.99)

—52—
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5. &0

2 M BB B BB B 2R T o 7 AR IR B S CPTT-101 & CPTT-10200 ¥ 5 3 3¢
DHER LA ERMFLEEUAERE, RO EHH- %o

(1) BREXEEMOVTIEAEHEL, ChERVTAEY S RERBREEARBLAE
2. RREERHEMANF L BERBEASC L3 ERERTREO B TH - 1o,
COHBUETEEMETRIEE. TV KOES EROTFNGERLARTS 5,

@) MBEKLAIMAOHEHRR., LESBRRCIIEFRVEETHEELTSY,
BRELCEEEOZYENERES N,
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