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Evaluation on the fretting abrasion of heat-transfer
tubes of the Integrated IHX/Primary Sodium Pump (1)

~ Workrate analyses model -
Naoyuki KISOHARA®'  Kenichi IGAWA™?

Abstract

'The cost minimization of commercialized FBR plant systems requires the
integration of an intermediate-heat—exchanger (IHX) and a primary sodium
mechanical pump into one component. The pump is installed in the center
of the integrated component and heat transfer tubes surround the pump.
Primary sodium flows down inside the heat transfer tubes and secondary
sodium flows up outside the tubes in a zigzag.

Therefore, the pump rotation and sodium flow induce the vibration of
heat transfer tubes and it leads the tubes to fretting wearing against
support plates. Then the tube wearing must be evaluated to confirm its
integrity during the planf life span(GO‘years), However, the knowledge of
the pump rotation influence on tube wearing is not sufficiently acquired
because the integrated component is a new concept in JNC.

To evaluate the tube fretting wearing ratioc due to the pump rotation,
a new calculation model of FINAS was composed. In the first place, the beam
vibration analysis model of a pump shaft, shells, tube bundle etc. of the
integrated component reveals its properties such as frequency, amplitude
and vibration mode. In the second place, based on the above mentioned
vibration analysis, the frequency and amplitude of abrasion between the
tubes and support plates can be obtained by a contact analysis model of
FINAS. Eventually, this calculation shows that the tube wearing will not
affect the tube integrity during the plant life time. Hdwever further
evaluation by more detailed analysis and abrasion tests are needed to obtain

more accurate results.

#1 FBR systemdesign group - System engineering an technology division
0-arai engineering center '

* 2 Nuclear Energy System Inc.
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#3312 RAEEHAMEE

HE S&E A (MH) SME (MIM2MH) | FETABTE - (M1MH)
(Fha&EE) (EAES) {kg) (kg) (kg)

12 108 4. 839E+03 6. 858E+03 ~5. 674E+03
13 110 4. 839F+03 6. 858E+03 —5. G74E+03
107 207 1. 719E+03 5. 559E+03 2. 625E+03
109 209 1. T19E+03 5. 559E+03 -2, 625E+03
111 211 1. 719E+03 5. 559E+03 ~2. 625E+03
208 310 1. 715E+05 1. 812E+05 ~1. 762E+05
210 313 1. 7T15E+05 1. 812E+05 ~1. 762E+05
213 409 3. 548E+03 8. 635E+03 5. 030E+03
214 410 4. 856E+03 8. 688E+03 6. 230F:+03
215 411 1. 354E+04 1. 683E+04 ~1. 501E+04
216 413 1. 354E+04 1. 683E+04 -1, 501E+04
304 502 2. 613E+04 3. 897E+04 3. 129E+04
305 402 9. 831E+04 4. OT7E+04 3. 341E+04
306 403 2. 831E+04 4. 0T7E+04 -3, 341B+04
307 404 2. B31E+04 4. 0TTE+04 -3, 341B+04
308 405 2. 831E+04 4. 07TE+04 ~3. 341E+04
309 406 2. 831E+04 4. QT7E+04 -3. 341E+04
311 407 9. 831E+04 4. 077E+04 —3. 341E+04
314 408 2. 831E+04 4. 07T7E+04 -3. 341E+04
412 519 4. 181E+03 8. 308E+03 -5. 563F+03
507 1002 1. 010E+04 2. 849E+04 ~1. 492E+04
508 1003 1. 010E+04 2. 840E+04 ~1. 492E+04
509 1004 1. 010E+04 2. 849E+04 ~1. 492E+04
510 902 1. 313E+04 9. 799E+04 —1. 788E+04
512 906 1. 974E+04 4. 105E+04 -2. 666E+04
513 908 1. 974B+04 4, 105E+04 -2, 666E+04
514 910 1. 974E+04 4, 105E+04 -2, G6BE+04
515 912 1. 974E+04 4. 105E+04 -2, 66BE+04
516 914 1. 974E+04 4. 105E+04 -2, BBBE+04
902 1005 7. 904E+04 1. 028E+05 -8, 936E+04
905 1009 1. 540E+05 1, 865E+05 ~1. B8TE+05
907 1011 1. 540E+05 1, 865E-05 -1. B87E+05
909 1012 1. 540E+05 1. 865E+05 ~1. 687E+05
911 1013 1. 540E+05 1. 885E+05 ~1. 687E+05
913 1014 1. 540E+05 1, 865E+05 1. 6R7E+05
915 1016 1. 754E+05 2. 125E+05 -1, 921E+05
917 1017 2. 434F+04 9. 949E+04 -2, 667E+04
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#3.1-3(1/2) #EHF (12Cr8H) WiEE

BE (C) HEFRIELRER (kg/mm”2) R7 Vv
'20.0 _22040.816 0. 266
125. 0 21326. 531 0. 266
200. 0 20816. 327 0. 279
335. 0 19591. 837 0. 290
360. 0 19285. 714 0. 293
365. 0 19285. 714 0. 293
395. 0 18979. 592 0. 295
427.5 18571. 429 0. 298
450. 0 18367, 347 0. 298
520.0 17448. 980 0. 304
535. 0 17346. 939 0.305
550. 0 16938. 776 0. 306

LLEE 7. 86E-6kg/mn"2 (—E)

#3.1-3(2/2) FRIDLHREE

wE (C) tEE (kg/mm”3)

335. 0 8. 71683E~07
395. 0 8. 57400E-07
427.5 8. 49640E-07
450. 0 8. 44260E-07
472.5 8. 38872E-07
520. 0 8. 27478E-07
550. 0 8

. 20270E-07
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#z3.1-4 SEHOEREH

THiE B (HaEE) ACEFIE (kp/mm) G5 (kg/mm) [BliEHiE (kg - mm/rad)
1 73— H AR~ g—X 504-505 3. 648E+04 1. 052E+04 -
PN ) ANg— R 517-518 1. 224E+06 1. 311E+05 -
e i — & 913-1015 1. 540E+06 1. 342E+05 -
AHa—rEMHTZeT 1105 - - 7. 347E+12
KRR — 201 - - 7. 500E+12
Al =T v F-A{klE 506-1001 - - 5. 000E+12
Sl = T o7 F-as{kiE 901-1005 - - 5. 000E+12
w-she (EHED 1-115 3. TO0E+04 - -
- (T 17-214 2. 500E+04 - -

610-200% 00F6NL ON[
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Fz3.1-5 HEOMESHE

EREE WEEE
201-301 Pl —r v -1 HX /Ry 7R BIfE
101-201 ARl — oS- Al — v F (B ki
112-212 Pl — v F-SRlr— v 7 (FER) il
212-315 FE -y IR & REAL
215-411 T —NY s SE & [FZEAT
303-501 ITHX /R THRE-HAl =5 K ik
401-503 Zo—vaZ 7 F-HAl=5 T il
506-1001 AR =T T F-REH EER AR ot ih
511-601-701-903 LEERR HEs
520-631-711-917 TEVER ilE
901-1005 AR =T v P~ &R ElE=H LS & fE
1 R 7Eh (EiR) RSB L AR
201 Sl — 7 (B EER T ELAS FFR
1105 AH—1+ (T ElEs G LA % s
1007-1101 FEE-A A — il
413-520 AR EER I 7Y —
917-1017 AR EERIED 71—
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#£3.2-1 SEERK

W | B % (He) 55

1 3.303 E2E QX% PEBITHRE—F

2 6. 271 Al =T RRESTHE—F

3 7. 040 Ju—2 79 Fh b NARESHTSE—F

4 9.103 ERE (1XE) MEgdsE—F

5 10. 926 Jo—¥a2 77 EhbLAMBESTAE—F

6 12. 978 R TBMPERT EE—F

7 13. 320 Ho7h, Rl =50 FhLARBERTSE—F
8 15. 653

g9 17.835 ERE (1 FF) BEgdoE—F

10 17. 855 '

11 10.224 - Pl =7 7 Eh b A REERT5E—F

12 21.988 R TEREHTIE—F

13 22. 293 By T, Al = Z 0 Kb ARBERT5E—F
14 25. 546 IHX HTEEE, B2 7 FREBT2E—F
15 28. 436

16 | 29.472 ERE (1A% XEgdse—F

17 35. 729 R 7L E—F

18 39. 842

19 43, 422

20 43. 998 EEE (1FF) PEBT3E—F

21 45. 138

22 46. 500

23 48.758

24 50. 220
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#4.2-1(1/2) ICEBITHE

1. @7 EEh 4. /& 7HREE
HAES MR S| BRGEENM | BRILEIEE AR |WMIME S| RAGEEN | BREENEE
(mm) {mm) . (gal) {mm) (mm) - {gal)
1 1825. 0 0. 0130 23, 360 301 0.0 0. 0000 0. 000
2 924. 0 0. 0222 40. 379 302 ~584. 0 0. 0073 2,182
3 332.0 0. 0439 b4. 734 303 -1168. 0 0. 0188 5. 220
4 -270. 0 0. 0648 £1. 367 304 -1734. 0 0. 0270 7.363
5 -805. 0 0. 0809 61. 530 305 -3000. 0 0. 0484 13. 266
6 —855, 0 0. 0824 61, 486 306 —4500. 0 0. 0773 21. 225
7 -1500. 0 0.1015 1. 389 307 —6000. 0 0. 1112 30. 244
8 -3000. 0 0.1413 64, 074 308 -7500.0 0. 1506 40, 273
g —4500. 0 0.1733 61. 156 309 -8275. 0 0, 1732 45, 786
10 ~6000. 0 0. 1993 59, 034 310 —8650. 0 0. 1849 48, 549
11 -7500. 0 0. 2186 2. 990 311 —0025. 0 0. 1968 51. 588
12 ~8650. 0 0. 2286 68. 603 312 -0200. 0 0. 2025 53. 265
13 -9400. 0 0. 2321 69. 766 313 -9400. 0 0. 2080 55. 079
14 ~10200, 0 0. 2341 71. 730 314 -0775. 0 0 414
15 -10250. 0 0. 3342 72, 017 315 -10150, 0 |
16 —10500. 0 BEAE | 0. . 784
17 -10800. 0 i gad
18 -11100. 0 5.7u—v=23 9K
19 -11700. 0 BAEE|EHEIAE &| BRRREEN | RICEINEE
) (um) {mm) (gal)
401 -2300. 0 0. 0438 12. 342
2. W TAA S 402 =3000, 0 0. 0623 17. 624
HiAEs [5 Mk & | B RGEEN | mRSENERE 403 -4500.0 0.1045 29, 220
(mm) (mm) {gal) 404 -6000. 0 0. 1478 40, 472
115 1825. 0 0. 0104 5. 053 405 —7500. 0 0. 1885 50. 764
114 1217.0 0. 0070 3.179 406 —8275. 0 .. 2096 55, 545
113 608, ¢ 0. 0035 1. 443 407 -9025. 0 0. 2278 50. 730
101 0.0 0. 0000 0. 000 408 —9775. 0 0. 2446 63.5617
102 -1500, 0 0. 0153 4. 491 409 -10700. 0 0. 2637 68. 389
103 —3000. 0 0. 0402 11. 843 410 -11210. 0 0. 2736 71. 430
104 —4500. 0 0. 0728 21. 191 411 -11500. 0 0. 2789 73. 093
105 —6000. 0 0.1111 31. 707 412 ~11600. 0 0. 2812 73. 759
108 -7500. 0 0. 1533 42. 674 413 —11800, 0 0, 2858 75, 054
107 —8275.0 0. 1761 48.326 414 -12300. 0 DEI 251
108 ~8650. 0 0. 1874 51. 033 FXRIE ' 0. 2970 . 251
109 -9025, 0 0. 1987 53. 528
110 —0400. 0 0.2101 56, 294 6. FEIF L+ APl S R
111 =9775. 0 0.2214 59. 026 BEEF s mE 3| BERGEEN | BRISENEE
112 -10150. 0 1232 T ~ {mm) {zm) (gal)
BRI 0. 2328 61. 784 501 -1168. 0 . 0188 5. 220
502 -1734. 0 . 0309 8. 695
3. W THA =T 503 —2300. 0
AL [T AE & | BRI EENM | BRI EIEE 504 —-2400. 0 7
() {mm) (gal) 505 —2880. 0 0207 6. 780
201 0.0 0. 0000 0. 000 508 —2065. 0 0204 6. 667
202 -1500. 0 0. 0162 4. 359 507 ~3499, 0 0185 6. 024
203 —3000. 0 0. 0410 11. 076 508 -4033.0 0167 5. 384
204 —4500. 0 0. 0729 10. 714 509 ~4567. 0 1143 4, 749
205 ~6000. 0 0.1106 29. 831 510 —5450. 0 0117 3. 805
206 —7500. 0 0. 1525 40. 996 511 ~5800. 0 0105 3, 471
207 —8275. 0 0. 1755 47. 038 HoRE 0457 12. 848
208 —8650. 0 0. 1867 49. 995
209 -9025. 0 0. 1981 52. 909 7. ARl =3 F
210 ~9400, 0 0. 2095 55. 830 MaEE|EFaE S| BRATEEN | BREEMER
211 -977E. 0 0,2211 58. 808 {mm) {mm) (gal)
212 -10150. 0 0. 2328 61. 784 511 —5800. 0 0. 0105 3, 471
213 -10700.0 0. 25009 66. 302 512 -6800, 0 0. 0071 2. 536
214 -10800.0 0. 2543 87. 120 513 —7800. 0 0. 0036 1. 661
215 -11500. 0 0. 2789 73. 093 514 —-8800. 0 0. 0046 2. 156
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BREEHA/N)  HX /R FEHEER2 R0 ERRITEFILT—4

610-200Z 00F6NL ONI

1. Tk T |
His B (mm) ot BAEBER |E@E2RE—-AVF RCUER KOBERE] BE REFFEIF [i7:4 ;
Na. X Z B {mm™2) R (mm"4) : ) c) (kg/mm) .

.0 1825.0 : 370000 [REF— s EEE (BEA A a0
F .0 6240 501.0 76845.0 0.88 4.7114E+08 9,4228E+08 208 :
.0 3320 5920 807920 088 6.5507E+08 1.3119E+09 20.0
r) .0 ~270.0 5020 1116300 0.88 9.9160E+08 9B832E309 200.0
5 0.0 ~805.0 5350 384B50.0 0.8 _17B6E+10 2.35712E+10 395.0
§ 0.0 —955.0 50.0 865900.0 0,88 9GG6E+10 1933E411 305.0
7 _ 00 ~1500.0 645.0 142080.0 .52 T974E+10 3.5948E+10 395.0
3 .0 -3000.0 | 15000 142080.0 0.53 1.7974E+10 35848E+10 355.0
9 .0 ~45000 | 1500.0 143080.8 053 1.7974E+10 35348E410 3950 :
10 .0 —5000, 500, 42080.0 0.53 1.7974E+ 35948E+10 3350 : - ;
11 0.0 =500, 500, 420800 0.53 LI974E+ 3.5948E+10 395.0 . :
12 0.0 —BB50, 150, 42086.0 0.53 1.7974E+ 35948E+10 3050 :
3 0.0 -8400.0 7500 42080.0 053 J9T4EHD . 5048E+10 - 3950 |
A 00 ~102000 | 8000 42080.0 0.53- 1.7974E+10  5348E+10 3950 ;
5 0.0 —10250.0 50.0 865900.0 035 5.9566E+10 L1833E+1T 3950 :
16 00 -105000 | 2500 384850.0 0.89 .17BEE+10 2.3572E+10 3550 i
17 0.0 —10800.0 300.0 283060.0 061 B9G1E+D 2 1922E+10 — 385.0 25000.0 FHR =S 214 R84S
18 0.0 ~11100] 300.0 283060.0 0.81 0961E+HD 2,1922E+10 395.0
- 19 0.0 —11700. 600.0 75471.0 0.89 4,5333E108 9.0656E+08 4350.0 3950
&t 13525.0 4850.0
FrikER (T Pl — s ) ‘
R TEM[ARr—n T Ex | Ao e | AEr—oo5 o WHRBE | i Wz T .
No. No. (mm) | SREEem) A Emm) kg/mm”3) EwET ] ERAHE
12 108 1250 5250 §25.0 5783 8.574E-07 0.742 1.052 4538.9 §857.8 =5674.1
13 110 1250 525.0 525.0 5783 B.574E-D7 0.742 1,052 4838.9 6857.8 —5674.1
SH _|_22500 86771.7 13715.6 —-11348.2
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BETERQN)  IHXRYTEREREFOBRBRFET LTS

2. R TREr—io s
i

610-200Z2 00%6NL ON[

BB (mm) PR BAMBR |BEHZRE—F-F] 1BLYEM i RE [ 3 .
No. X z EE (mm"2) EH (mm"4) . ERr—4s 3 )
115 652.0 1825.0 1625.0 385.0 !
114 652.0 1217.0 6080 330800 0.53 3.8424E+10 7.6848E+10 1625.0 395.0 :
113 652.0 608.0 §09.0 830800 D.53  8424E+10 - 7 6848E+10 1625.0 3950
101 6520 0.0 608.0 §3080.0 0.53 8424 E+10 7.6848E+10 395.0 Sl =i 201 LB i
102__ 652.0 -1500.0 500.0 1830800 053 3.8434E+10 7.684BE+10 78125 3950 |
103 §52.0 —3000.0 500.0 83080.0 053 3.8424E+10 7.684BE+10 i 395.0 i
104 552.0 -4500.0 500.0 083.0 054 3.8424E+10 7.684BE+10 395.0
105 652.0 ~5000.0 500.0 080.0 0.53 3.8424E+10 7.684BE+10 : 3950 !
06 552.0 ~7500.0 500.0 080.0 0.53 3.8424E+10 7.684BE+10 395.0 i
07 552, ~8275.0 775.0 83080.0 05  B424E+10 7,6B4BEF10 395.0 !
08 652, —§650,0 3750 B30B0.0 05 .B424E+10 7.684BE+10 3950 ;
08 652 —9025.0 3750 83080.0 .5 B424E+10 7.6B4BE+10 395, :
110 6521 ~5400.0 375.0 93080.0 5 5.8424EH10 7.6B4BE+i0 395, i
111 652, —3775.0 3750 83080.0 5 3.8424E+10 7.684BE110 - - 395 ;
112 6520 —~10150.0 3750 1830B0.0 0.53 3.B424E+10 7.6B48E+10 305, =220 !
S 118750 4875.0 78125 !
ﬁﬁiﬁﬁi(ﬁﬂ!’r—bbb‘—ﬂﬁ%’rﬂ;ﬁ@) i :
BEr—i | 5l —22, Re | Rr—L 0 — 00 o TEPRE M1 ] M2 e P R T D
No, No. |__(mm b2 {F(mm) REEE(mm) mm"3) AR~ | A —3 JEXTAIA
107 207 750, §70,0 12056 1,805 .574E-07 1,200 3911 7185 5558.8 —2625.4
109 200 7501 §70.0 12050 1.895 574E07 1,209 3911 5 5558, ~2625.4
111 211 7501 §70.0 1205.0 1.895 | 574E~07 1.200 3911 7185 5558, —2625.4 :
oif 2250.0 51558 16676.3 ~78762 :
1
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3. .fzﬁ;g{ﬁ'r—byﬂ’

BHERGEA)  HO R TSRS R EORDRFEF L F—5

FE T (mm) R TABDE |BmemE—rsk|  BLUR D ALK ] RED [
No. X Z R (mm"2) EL {msm4) b= P3{ENa =it c) (kg mm/rad}
F] 2230 og 0.0 J.5EH12 IHX /7 T EREE01 LR (IEIRn L SR )
202 2239 ~5500 1500.0 3470700 4.53 2.6156E+11 2312EL 78125 Biz5 395.0
203 2230 -30004 1500.0 70700 253 2 51565+ .2312E¢ 0.0 385.
204 22340 4500 1560.0 7070.0 0.53 L6166+ 231 2EF 0.0 395.
205 2230 —BLD0 15000 70700 053 SEE+ 231 2E+ 00 305
206 22340 ~75004 1500.0 70700 ) 53 2 6156E+ 23126+ 0.0 395.
07 2230 ~B275] 750 47070.0 .53 261 56E+ 523 F2E+ 0 ag
208 2230 —8650. 75.0 470700 .53 26 196E+ . 5.2312E+ 0.0 305
209 2230 ~8025 75.0 47070 .53 261565+ 5.2312E+ 0 305 ]
2i0 223.0 ~3400 3751 ATOI 153 2 615BE+ 231 2E+ 0.0 a8,
2H 2230 —3775 3750 47070, .53 BEE+ 201 2E+ 00 395,
FIfF2 2230 —T0i60. 3754 3470701 153 LG 156E+ TZE+ 5785.0 57850 305, S LA (M) - IR A i
3 223 ~10700 550 276380 .53 S2UEH ? §422E+: 57185, 000.0 6785.0 395
4 223 ~10800.L 100 2763804 .53 B2+ L G422E 4 5745.0 000.0 67350 395,
f 2231 ~H1509. 7001 276380 0.53 321 1EH 6427+ 600.0 1000.0 395, Sy S { T Bt o T 41 1) = g
2231 —11809. 400, 276380, 0.53 A211E+] G422E+11 00 1000 3850 TR R
7 12230 =123000 40D 276380 053 SZ11EH 26422EH1 1 DY, 100 A05.0
ot 12300.0 173550 G001 Ja[25 301675
Fird 314 bt 4 )
ST —A i BE | ST~ [Z1] ] Feik Ik ] [TH] ag i
Na. No. eayn) m Py (mm) kg/mra"3) | S5t
208 EITY) 1250 1250.0 1285.0 36.221 B.574E-07 4208 4.548 171501.8 181240.3 —1762366
210 a3 12540 12500 1285.0 36221 8.6T4E-07 4209 4448 171601.8 - 1812403 -1762368 §
&t 22500 3430035 352480.7 3524732
Mﬂ%‘ &i&-vii'%w_
REr~ 7 [70—5a59F [ R |AEr—vod 70— H o RREE M1 M2 =
Mo, No. (o) | $hE8mm) | ) {kg/mm"3) ST =
3 409 5500 3000 560.0 2385 L. 5T4E-D7 .69 555 3548.3
4 410 510.0 000.0 3375 3535 L5TAE-07 2694 42859 4B56.4
5 a1 545.0 10900 11150 9.223 L 5T4E-07 .94 349 135392
[ 413 555.0 1630.0 11150 9223 B.5T4E-07 2,694 EIT] 13538.2
&I 21500 35483, 50881.3 -412744
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BEEHA/A)  HX RIS EBR2EoRRRITETILF—4

610-200Z OOF6NL ON[

4, /R TR
=] @E(mm) B AR | E2RE—Ak PCYER B [CES
Ne, X Z ReE {mm~2) jE3 4 {mm~4) : c)
30§ 12050 | 00
302 2954 —584.0 584.0 1218200 053 T.0175EH 2.0350E 411 3050
an3 295 4 ~1168.0 5840 21820.0 05 0175E+1 2.0350E+11 3050 BT LR 2S5 R01 LBIE
304 795, ~1734.0 566.0 218200 0. DI75E+1 2.03506+11 3050
05 2850 -3000.0 1266.0 218200 0.5 O175E+] 3 0360RH1 3950 .
308 1285.0 45000 1500.0 218200 03 0175E4] 3.0350E+11 3850
307 2050 —6600.0 1500.0 218200 053 1.0175E+1 70350+ 3050
308 7950 =7500.0 1500.0 21820.0 053 O175E+11 2 03505+ 395.0
08 295.0 “g275.0 7750 1218200 053 D175EHT] 2 0350E+ 3850
10 95.0 ~8650.0 75.0 121820.0 0.5 O175E+11 203506+ T BI5 0
ali 7350 ~5025.0 3750 121820.0 0.5 0175E+11 2.0350E+ 3850
12 950 —5200.0 75.0 1218200 0.53 1.0175E+ 11 2 0350ET 305.0)
13 2950 ~8400.0 200.0 7072400 0.53 B7BAE¥ 1 3.3528F+1 395.0
14 95,0 —8775.0 375.0 702340,0 0.53 BTGAEFT] 3.3528E+11 395.0 |
315 95.0 —10750.0 75.0 202240.0 0.53 _B764E+1] 3.352BE+H 1 395
SE 101500 |
FHEER (AR- LT AR SRR 7 i
B T mESaS9F | B TREE IR TS o TR M ™2 AR Rk . ‘
No, No. - | (;m) SFEE(mm) | AEE(mm) (kg/mm”"3) 515 AR aASYE SEHEIE |
304 502 11320 1300.0 1587.5 5072 8,574E-07 4553 65789 261339 388714 | -312870 | |
S 1132.0 261330 389714 312870 |
|
TSR (B0 —1n 5Kl : : !
—L@H SH— SBR[ B e |[JO0— a5k ] i M Wz TSRPS0 [ 0 B i) ?
No. No. {mm) HEREmm) | HEE {kg/mm”3) 58 ZR—a 50K JER IR :
305 402 11214 300.0 1560.0 5548 8.574E~07 £552 555 28309.3 40765.4 —334 4.2—I
306 203 11214 300.0 1560.0 5.545 8.574E-07 4552 555 28309.3 407654 -33414.2
307 404 11214 1300.0 1560.0 5.545 8.574E-07 4552 555 283093 40765.4 -33314.2
308 405 11214 300.0 1560.0 5545 8.574E-01 4552 555 28309.3 407654 -33413.2 '
309 408 11214 13000 1560.0 5545  574E-07 4552 555 __ 28309.3 40765 4 —33414. i
3 a07 1121.4 1300.0 1560.0 5545 574E-07 4552 555 283093 407654 33414 :
314 408 1121.2 1300.0 15600 5545 ETAE-07 4552 555 233003 407654 —33414, i
p 7850.0 198165.0 285357.5 ~233699.6
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BAEEHEGA X/ RO7SESSBLERORBRIFETILY—4
5. Zo—iaSak
Bim BERBmm} T ERE TAGBE |BmeRE—Fvr]  BLIEH RE o
No. X Z B {mn"2) EH% {mm™4) ’c)
401 1570.0 -2300.0 LEIUFLAES 25903 Em
402 1570.0 30000 700.0 7290, 053 7431BEH1 1 4.8632E+ 3850
403 1570.0 —4500,0 5000 72901 053 2 4316E+H 4.8632E+T1 3850
504 570.0 —6000.0 5000 7280, 053 243166+ 486326+ 3550
405 570.0 —7500.0 500.0 97250.0 0.5 2.4316E+1 386326+ 395.0
405 570.0 82750 775.0 972300 0.53 243166411 4 8632E+ 395.0
407 1570.0 —9025.0 750.0 197280,0 0, 243165+ 4.8633EF 3650
408 570.0 ~G7750 760.0 197290.0 053 2.4316E+11 48632E+11 385.0
409 5700 ~16760.0 250 97290.0 0.53 2 4316E+ 48632E+11 3950
410 570.0 ~112100 5100 593300 0.53 HATAEFI1 3.0745E+ 305.0
411 570.0 —11500. 290.0 41370.0 0.53 94BOEL1T TBDAET 395.0
412 1570.0 =11600. 0.6 141370.0 053 SABIEFID 7BO4EF 305,
413 1570.0 —11600.0 700.0 141370.0 053 B.0468E+10 T8Y4ET 395.0
214 1570.0 -12300.0 500.0 141370.0 053 8.9469E110 1,7804E+ 395.0
HAT 10006.0 -
HHER (F0—a SYE-IEIL AT
T0-LaSoF [ A 2STE | ke | JA—YaooE | BRYaTR o pRi T M1 Mz ; TS Blhey
N, No. (mm)_ | o | P ) {kg/mm'3) SE=sTsoe] R 2] EFEE
412 519 4000 11350 1600.0 3.025 8.535E-07 3454 6.664 2180.9 8308.3 —5562.6
&bt 4000 41909 83083 —5562.6
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6. 7L LBl agar .
A EE R (men) [fiagi] BAMNRBE |EREH2RE—AT N BLYER RE : ) KPEHEAF | FEHE R | @EEHR R [i*E
No. X z Bx _{mm"2} i mm"4) . {cl FEEE [ BT (g fenmy i {(kgrmm/rad)
501 1600.0 —1168.0 -
502 1600.0 ~17340 566.0 2513300 0.53 J21TEH 1 6.4344E+ 385.0
503 1600.0 ~2300.0 566.0 251330.0 0.53 3.272E41T 6.4344F+ 3350
504 16000 ~24¢0.0 1600 2513300 053 3.2172E+11 6.4344E+ 395.0
505 1600.0 —2880.0 48350‘.;1 s 555 S EOTE RIS = ' 364176 10516.3 - Hi st R PAL—X
508 16¢0.0 ~2965.0 L . A + . + 5500 18850 - O+ n 42 B = ‘
507 600.0 -3489.0 5340 202370 0.53 2.6223E+11 5.2446EH1 5500 20822 FRIRI001L/ 5458 (ETA I ELHRIA)
08 600.0 =4033.0 534.0 202320. £4.53 6223E+11 5.2446E+11 550.0
508 600.0 ~4567.0 _ 5340 202324 0.53 .6223E+ L 2446E+11 5500
510 600.0 ~5450.0 833.0 202320 0.53 2,6223E+ L d44EE+] 5500
51t 600.0 ~5800.0 3500 202329, 0.53 2.6223E+ . 2446E+11 5300 - 23250

ok 46320 1885.0 2325.0 REEOO1 LRI
bt O P N o P ] s 32 3, | I
AfE asIF BT Rz A a3ar E3EE] @ AR M1 M2 SR I
No, No. {mm) S () HFE(mm) Okg/mm”3) AR 259K ERiE] EHEE |
507 1002 1.7 16200 27200 2098 8.203E-0 1,763 19.068 10104.6 28485. —14917.6
508 1003 117 1620.0 2720.0 2088 8.200E-0 .763 19.065 10104.6 28485, —14917.6
509 1004 rai vl 1620.0 27200 2099 8.203E~0' 163 19.065 10104.6 28485, -149176
it 21350 30313.9 85457.3 ~44752.8
A (BT A B2 S-S B2 SIER)
WEEASOF | ABE-a35F R AR aSIF | A aS50E o REEE M M2 R RE 03 B (kg)
No. No. {mm}) mm, AEFmm) (g/mm"3) BB 2T A S|  SENHIE
510 902 7000 1520.0 23650 2.158 8.221E-07 6778 14.445 13132.6 27988.6 —17877.0
E 7000 13132 279886 178770
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BEEHG/N) HX /R TEHRBRE RO BERRITET LY —5
7. AfllEaTE )
A 4B (mm) BRI HANER |BE2RE—ASE RCYER E=1ES THEIRER | OFHR T | ER AR O [-53
No. X Z B= (mm"2) E (mm"4) : {°c} {kg) (kg/mm) - {kg/mm)
5] §00.0 —5800.0 ERhES01 S
G513 600.0 —§800.0 00,0 4071500 053 5.3434E+ 11 1.06B7E+2Z 4275
51 600.0 =78000 0000 4071500 053 5.3439E+11 1.0687E+12 4275
514 6000 —BR00.0 000.0 407150 0,53 53434611 1.0687E+12 275
515 6000 ~0800.0 1000.0 207150 0.53 5.3434E+ 1,06B7E+1Z 427,
516 600.0 —10800. 1000.0 407150, 053 5 3434E+ 1.0687E+12 227,
517 600.0 —112004 400.0 407150, 053 5.3434E+ 10687E+12 427,
51 1600.0 -11300. 100.0 1224439.8 130N |riuFYAg—-x2
51 1600.0 -11600.0 300.0 307150.0 053 5.3434E+1 1 1.0687E+12 4215
520 1600.0 ~11B00.0 200.0 407150.0 0.53 5.3434E+1 1 1.06BTEH2 4275 23250 ESREGaT LB
&at B100.0 23550
i} ﬁﬁi(ﬂﬂ!‘/n?'ﬁfnﬂﬂﬂ/&ﬂg&@) .
WEYASTR ] AR5 IR A9 IF | S5 IR [ TRAREIE M1 M2 ‘ﬁiﬁﬁiﬁﬁﬁik)
No. No. {mm) AEEmm) | EEmm) kg/mm”3) AR I59E | A a59E jﬁﬁl
512 506 964.0 1640.0 23650 2.853 A96E-07 7179 14,030 19741, 410546 26663.5
513 908 964.0 16400 23650 2,653 A9BE-07 7178 14,930 19741, 41054.6 ~26662.5
514 910 9640 1640.0 2365.0 2.853 AQGE-07 7179 4.930 19741 41054.6 —26662.5
515 917 984.0 1640.0 23650 2 653 8496E-07 7.173 4930 19741 41054.6 ~76662.5
516 914 964.0 1640.0 2365.0 7 853 8.496E-07 7179 4.930 19741.8 41054.6 —26662.5
&I 48200 987052 205273,1 ~133312.6
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8. ERFOR)
HiA

610-2002 OOFBNIL ONI

EER(mm) BEil | CABER | 2R E—Ast]  BLYER EY3 TR ks e
o, X z BE (mm”2) i (mm”4) ccy [ETHER]_BAMN | &
601 18580 | -5B00.0 2325.0 23250 | EmBE 101 CEs |
602 1858.0 | —60a0. 200.0 91732 0.53 695.040 3390.099 4500 0.0726 00726 \
603 B58.0 | -6200. 200.0 1.232 0.53 665.048 3380.09 450.0 0.0726 0.0726 !
§04 8580 | —64000 | 2000 1.232 053 695,049 3390.09 450.0 0.072 0726
605 | 18580 | —66000 | 2000 232 053 6695.049 3390.099 450.0 0.072] 10726
606 1858.0 | —6800.0 | 2000 232 053 6695.049 13330,089 4500 0.0721 0726
607 5580 | -7000.0 | 2000 1,232 0.53 6695.049 13380.099 450.0 00726 0.0726
60B B5B0 | 72000 | 2000 91,232 0.53 695,049 13390099 450.0 0.0726 0.0726
609 §56.0 | —74000 |__200.0 01,232 053 695,048 13350.099 450.0 0.0726 00726
510 1858.0 | —7600.0 | 2000 p1.232 053 6655.048 13380,098 450.0 0.0726 1,072
611 1858.0 | —78000 | 200.0 91.232 053 6685049 13390099 4500 0.072] - 0.072
2 18560 | —BOOD 200.0 91,232 053 5695.049 13390.099 450, 0,072 .072 .
8580 | —B200, 200.0 91.232 0.53 §495,049 13390,088 450, .072 072 : \
E 8580 | -8400. 200.0 91,232 053 6695.048 13300.099 450, 0728 00726
615 858.0 | -B6OG. 2000 237 053 5695.049 3390,09% 450,0 0728 0.0726
616 8580 | —Baco.0 | 2000 232 053 6695.049 3390.09% 450.0 072 0.0726
617 858.0_| -9000. 200.0 237 053 6695.049 3300,089 450, 0,072 0.0726
616 1856.0 | -9200. 200.0 237 0.53 6695,043 13390,099 450, 0072 0726
519 18580 | —9400: 200.0 97,237 0.53 6695.049 13390098 450.0 0.0726 0726 ‘
620 18580 | —0600:0 | 2000 232 053 6695.048 13390.099 450 0.0726 0726 :
62 1858.0 | -0800.0 | 2000 232 053 6695.049 13390,08% 450 0.072¢ .0726 | ‘,
525 18580 | -10000.0 | 200.0 232 053 6695049 13390099 450 0,072¢ 072 ’ 1
623 18580 | —102000 | 2000 81,232 053 6695,048 13390,098 450 0.0726 072 ;
624 8580 | —104000 | 2000 91232 053 6695.049 13390099 4504 6.0726 0726 |
625 8580 | —10600.0] 2000 23 0.53  6695.049 390,000 450,0 0.0726 0726__{. 1
626 8580 | —10800.0 | 2000 232 0.53 §695.049 350.009 450.0 0.0726 0.0726 :
627 18580 | -110000 | 2000 537 0.53 5695.049 300.008 450.0 0.0726 0.0726
628 18580 | —112000 | 2000 91.232 05 6695.049 13380.009 4508 0.0726 0.0726 ' j
529 1858.0_| —11400.0 2000 91.232 05 §695.040 13390008 450.0 0.0728 00726 | |
630 18580 | -11600.0) 2000 91,232 053 6695,048 13390099 450.0 0.0726 0.0726 j
631 1858.0 | -11800.0 ] 2000 61.232 052 6695.049 13390.098 . 4500 23250 23250 B THLEIE ‘
33 60000 4650,0 21048 4852.1
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BFFEEO/11)  HX A RoTEERSREOREBIFETILT—5
9. EREEE _
T Elmm) | GER | CAEEK | BR2ZRE—AvF]  BLYER =E “EBGkp ] =
No. X Z Bz {mm"™2) E3:4 (mm"4) c) [ ETaiai| &MNa &k
701 16.0 | -5800.0 2325.0 3350 |- 2SI F 903 LR
702 160 | -6400.0 | 6000 | 8812837 0.50 BIBOE+12 35500512 450.0 2253.0 2530
703 16.0 { -70000 | 6000 | BB1298.7 0.50 BIS0EH 2 3.6500E+HZ 450.0 22530 759.0
704 71160 | ~76000 | 6000 | 881209.7 0.50 B250E+I 2 3.6500E+13 4500 2759.0 22500 |
705 21160 | -82000 | 6000 | 8812997 0.50 1.B250E+12 3.6500EY 450.0 22530 3259,
706 21160 | -8800.0 | 6000 | 8812985.7 0.50 1.8950E+12 365008+ 450.0 2259.0 259,
707 2116.0 | -0400.0 | 600 BB1299.7 0.50 BI50E+12 3,6500E+12 450.0 259, 2259.0
708 2116.0 | -100000 | 60D, 881299.7 0,50 BZ50EHZ 3.6500E412 450.0 2259 2259.0
709 21160 | 105000 | 600, 8812097 0.50 BZ50E+12 BEO0E+12 4500 23584 259.0
710 7{160 | -11200.0 | 6000 881299.7 0.50 1.8250E+12 S500E+12 450.0 2258, 759,0
71 31160_| 118000 | 6000 8312097 0.50 1,8250E+12 6500E+12 4500 23250 750 AU S IReTIEBIE
ZSEF 6000.0 4650.0 2033056 | 249808
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W& B4R mm) mmm | AR | RE2RE-A0F  falUe# RE i P EA EN o TAR [ FR oS [ E3

610-200Z 00F6NL ON[

_gi-

Mo, X Fi B (mm~2) 5334 {mm”4) °c) LT | TEREIRNa ) | (ke/mm) (kes/mm) | (kgemm/rad)

80 23750 ) -5100.0 5.0E+12 iﬁ 1005E/ R30S E AT

802 2375.0 ) —54500 | - 3500 298450.0 0.530 8.41745+11 1.6835E+12 535.0 H SR L
802 2315.0 j —5800.0 350.0 2984500 0.530 aA41M4EH1 1.6835E+12 535.0 2325.0

904 23750 | 58100 10.0 298450.0 4.530 B.A174ER11 1.6835E+{2 4215

905 2375.0 | -83%0.0 Seng 33161.0 0.029 9,3525E+10 1.8705E+11 42758

908 7375.0 | —6800.0 410.0 298450.0 4530 B417T4E+ 1.6835E+12 4275

anz 2375.0 | -73000 500.0 298450.0 0.530 84174E+ 1.8835E+12 427.5

908 23750 ) -7300.0 500.0 208450.0 0.530 BA1T4E+ 1.6835E+12 421.5

908 2375.0 |_-8300. 5000 2984500 0.530 8.4174E+ {.6835E+12 421.5

910 23750 ) ~8B0D. 500.0 2984500 0.530 SANTAEH G835E+12 4218 |

11 23150 | -9300, 5¢0.0 298450.0 530 BA1T4EH B835E+12 4215

12 23750 | ~9800.0 500, 298450. 530 L 41 T4E+ .6835E+12 427.5 i

3 2375,0 | ~10200.0 560, 208450, 530  ATT4ES GB3EEs12 4715 15488756 1341837 S L K (AR 1015) i

4 23150 | -18800.0 500, 298450, .530 .41 T4E+ G835E+12 427,

5 2375.0 | ~11210/ 410, 208450.0 0,530 B84174E+ L GBISE+ 427. !
a18 23150 | -117904 580.0 16581, 015 A.6TEEE+ .I532Er 4217, |
917 2375.0 | —11800 10.C 298459, 1530 8.41T4E+ LBB3SEF 42].! 2325.0
918 23750 | ~-12200/ 4¢0.0 298450.0 1930 8.41TAEH .G835E+12 363.0 192020

Sk 71000 4650.0 19202.0

A OLB 25K AR :
AEEASTF|FER] BE [SHETaSOF] 4R a FHEEE Mi M2 ﬁ'@ﬁg&)gmg)

o, Mo | (mm) | 53Gmm [P S mm) (ig/mm’3) Tiaook]  AAM | EREE | , |

802 005 70 2385.0 27200 7652 8.239E-07 14,723 149 79035.2 102797. -89363.7 ;

905 09 382, 2385.0 2625.0 046 8.386E-07 4.985 .153 530522 186445, —168668.3 ;

907 [11Ki 982, 2385.0 2625.0 0.46 8.386E-07 4.985 153 539522 186485, —168668.3

S04 012 9821 23B5.0 2625.0 0.46 B.386E-07 4.985 18.153 53952.2 186455, —~168668.3

911 013 9821 2385.0 2625.0 0.46 8.386E-07 4.985 18,153 53952 2 186495.2 ~168668.3

913 0i4 9921 2385.0 2625.0 .46 L 3B6E-DT 4.985 8.15. 153852.2 186495,2 —168668.3

915 016 10800 2385.0 26250 .46 L.607E-07 5.380 8.63 1753700 2124513 =192143.3

917 017 151.3 23850 2625.0 .46 L607E-0T 5380 8,63 1 24343.8 294898 -26670.9

F=1ad 6853.1 1048519.0 12772144 =1151819.4
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FAEANIAD  HX/ R TEEBEEROREERETILT—2
11,k
A B (mm) Bt EABRR |HEZRE—Asr] RCYER B R (k) e
o, X Z B= (mm"2) E¥ (mm™4) c) 5 HATIZL
100 27350 ~2965.0 1885.0 ET7LT LA 1o Fo08ERiE
1002 2735.0 —3495.0 534.0 515540, 8,53 1.9282E+12 3.8564E+12 5500 81732 __ |[1ZENa AR/ XN
100 3735.0 —4033.0 534.0 515540, 0.53 1.8282E+12 3.85GAE+12 5500
004 27350 —4567.0 534.0 515540, 0.5. 82B2E+12 L.A564E+12 550.0
005 27350 =5100.0 533.0 515540.0 0.5 92B2E+12 B564E+12 550.0
006 27350 —5950.0 850.0 515540.0 0.5 9282E+12 B56AE+12 5200
1007 27350 —5000.0 50.0 680640.0 053 25B51E+12 1702E+12 5200 Ad—+1101 LBIE
1008 2735.0 ~6950.0° 250.0 688640.0 0.53 25851E+12 5 1702E+12 5200
1009 27350 -68525.0 75.0 429220.0 13 G024E+12 3.2048E+12 520.0
0 27358 —6690.0 65.0 4217650,0 X 5203E+12 3. 0406E+12 5200
27350 —1300.0 10.0 4143000 0. A4410E+12 2.8820E+1 5200
F 2735.0 -8300.0 1600.0 414300.0 0. 4410E+12 2.8820E+1 5200 542,08 2NaI O X1
2735.0 —BA60.0 1600.0 4143000 0.53 4410E+{2 2.8820E+1 5200
4 27350 —=10300.0 1000.0 414300.¢ 0.5: 4410E+12 2.8820E+12 5200
i015 2735.0 -10710.0 410.0 4143000 0.5 A410E+12 2.8820E412 520.0
1016 27350 —11210.0 500.0 £14300.0 0.5 A410E+12 2,8820E+12 335.0
017 2735.0 -11800.0 580.0 414300.0 0.53 A410E+12 2.8820E+12 335.0
1018 7735.0 ~12058.0 2580 414300.0 0.53 T4410E+12 2.8820E€12 3350 104630 |2ZNa A O/ KA+ 28 (N2 )
Feaan 5093.0 1885.0 11562.4
12, AHh—b
=] EEIZ{mm) WER BABBR [HEZRE—FA~F| TBLUER B2 [DEERES i E
No. X Z E= {mm™2) 514 (mm"4) ) (kg mm/rad)
101 4186.0 -5000.0
102 41860 ~7500.0 1500.0 5235100 0.53 1.1358E+12 2 2716E+ 360.0
103 4186.0 -8650.0 11500 523510.0 053 1.1358E+12 2.2716E+12 1250
1104 4186.0 -8800.0 1150.0 5235100 0.53 1, 1358E+i2 2.2716E+ 125.0
1105 %rms.n —10000.0 200.0 BO111000 053 7.2440E+13 44BBE+14 1750 7.3469E+12 _|EISEF RIS GE
=5 4000.0

610-2002 00FBNL ONI






