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Seismic Test and Ahalysis of HTGR Core Using
One-Stacked Block Column

Takeshi IKUSHIMA and Hiroshi ISHIZUKA*
Division of Power Reactor Projects, JAERI

(Received December 11, 1980)

The results of a seismic test and analysis on a 1/2 scale model of the
typical stacked column, an element structure for the seismic study of the
hiock-type fuel core of a high temperature gas cooled reactor, are described.

(1) The column has the soft spring characteristics based on the block rock-
ing. The hard spring characteristic is observed based on the gaps between
column and boundary.The column has a non-linear resonance and exhibits a
hysterisis response with jump points.

(2) The column resonance freguency decreses with increasing excitation
amplitude.

(3) The impact force increases with increasing input acceleration.

(4) The impact force increases with increasing boundary gap width.

(5) The maximum response of the column for seismic waves are about 40 to
75 % of that for the sinusoidal input.

(6) The column damping factor is about 30 % of critical. It increases
with increasing in the column deflection amplitude.

(7) Good correlation in vibration behavior of the stacked column and impact

force between test and analysis was obtained.

Keywords : Seismic Response, Seismec Test, Vibration Test, Seismic Analysis,

Dynamic Response, Nonlinear Vibration, Impact Response,
Aseismic Design, HTGR Core, HTGR Core Seismic, Block Type HTGR
Core, HTGR Core Structure, Soft Spring Characteristic,

Hard Spring Characteristic

* Fuji Electric Co., Ltd.
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Mo I0mMmiIcEZTRABTE, 310, AV 74 RA7 0y 7 OERBELCLZREFELEND
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(i El Centro 1940 NSHERI - & 2 InEH

(i) Taft 1952 EWHI R iC & 2 GE K

(i} Ibaragi 1964 EW (606 ) Mgk iz X 3I55H
C D OBARESANER T ERFE | AESES 0B 40T L ORASEWFS
AL, SEABEEHNICHE > TI G I LI NS DAAER ERBGOBERLLTICA
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BIMMORELIBRT v TWAANT B LEVBTENRD, Fig. 314 DX AHER L,

323 HEBRERE

RERBRTHRIIABREED) bEAHFERBENIC OV THEROBR L LERL, &
W7oy 2 oOTIZBBOEEBLUEHRFECEMICHDVLTHE~E,
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Table 31 Mechanical properties of graphite used on vibration test

Compression strength

Apparent specific weight

Ttem Value
Material | SMi —24 (Anglo Great Lakes )
Young's Modulus | L0x10° kg /em? ()

0.9x i0%kg ~ cm? (1)
670 kg~ cm?®

175 g/ cm?

Table 3. 2 Detectors and measuring positions

Item Detector Detector position Number

Dif ferential transfomer‘ type

Displacement { Upper part of each block 13
Sliding resistance type

Impact velocity Differentiation of displacement |No,6~10 block 5

Impact force Strain guage type "|No.5~13 block 9

Impact acceleration| Piezoelectric type No.4, 6 9 11 blok 4

Input acceleration | Strain guage type ‘Shaking table 1
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Photo 3.4 Device of impact reaction {orce

s
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Photo 3.1 Graphite block

Photo 3.2 Top steel block
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41 BiksE

411 KEBBEE ORI RR

GERER A KEA V=il k-T2 v £V 7 LT, BEEBRE RN, ZORE, NEH
EicHt LT 21 e . CAEEAARC 131 OB BRERFE S L5 -, A,
ZRBAO OE~1Hz LD BBICHLTRISEB LIV DEEL ORI,

4.1.2 ZEARIEEECESHHRER

Vv s EBAEN LIEMEICE AKEEMEIE S AFNEMTICL AEMAEBRD 1 # 4
Fig 41 {2 d . BRI ~20Hz, RAKFEEN Omm OFEH T -7, Fig. 415568
AL ESIC, Uy s BEOEREEBITTE D, g Mt & B A OB AR
—HTH T ENH - T

EARMED, BZH 7y RBIBOTE, 27 ol vihE, FLEREMEHCENTE
BEHFHERE L4 FNFNBETE0T, 7oy 7OBEICH LTEBICISERBEH
COEEBLARGS T oy 7RSO OEEICLE Yoy 70 o F YIEHORRE & HE
Lice 70y ZTRMOKEEMNZLFABEMEICL > THE LTABREEER DI, TOKR,
7oy 700 yF S AHESISIT IEEREE, B ARSI LGS 184%, £8F
7Y AREMITHDBE 165 % . BEREMFLAOBES BB TH -7,

413 WERINEREOKE
W MEHEE OR E - ENHRBAE Fig 4210577, RS SKRD L IICHERE K
YEOSSR B,

W E —EEE (F1) #7 3.1kg/u strain
ThER #124x10* kg cm
HERE % # 300Hz
B 3~6%

L1484 BT oy EREKONE

BT 0y 7 OHEREAHE S ¢, HEESH 800 cm/ s T TODY - THFEEERE
Utz 882 ChE TOMOTEREOE LA4T Fig 43 07T, KRG, HREE 100
cm/ s THI 054 TH Y, BREED LRI - TREFRMEETE 5,

BT 0 7 EEEHORBGEIL. Pig, 44 WRT & 5 ICEZGEE 100 cm /s THI 0,38
THD, Tny s AEORRRK R, BREED FRIE-TETY 5,

vy F YO REGREITIg A5 ICRTRIC08 BETHD, 7oy /OREFRELD S
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Vo BITEERIA L DB L R E O BE HREEE A D E PR 01 rad. T15
om/s BETHD, BEEEHEOOT, NREHSE,P-7LOLELOND, EURHS
DEMICE BRBEFROMBICO VT, EURBBERMY 127 0 v 7 OREREITRA 72
NBA KD BEVETHS LA > 12, TG, BUHOERICLZREFKIE, ML
1801l rad TEIAEZN 082 L 074 THL BIHGEEH F 7 AN LEBENTH D 2BED
bOEFEM LI, ChbOERIIEEASRY SR, T,

4 1.5 BH7 oy s OFEBEHAE
BHT7O 5 /OSBRSS BIUVERESEEZEHII>VWT T oy 7 OERSENET IEES &R
BEOIEOLNETAESDFNFAOMES Table 4 1R T,

42 MuHER

421 37 :0HHRERYAR

25 AthD 1 BFASED, (OFRLERSHTRICHLUEHEE LIEA07 0 v /70
TREHA Fig. 46 KRS, Hnd, EUEENECRLLTED, BESKENIE, &
BRI ORI > TEBNEC BB EnH B, 27 5 ORERKAE L E»T Table 4 24
T, EMFEEOMIICH - TRBEEHRIENT 2, Yo v/ 0FEICL 2REEHOETH
FHTH3,

4 2.2 27 ADEXLNORAIE

27 LAOETHEM A Fig 47T KR T, Chida 75D TFTEAL IFBHDT o0y 7 %8Ik D,
COOEEOMHELFREAOEMERKTLAEGOTHD, 25 A0EMOImMM HdbEhHic
B LT Y» Y7L, T oREdEMBENT 21> TETANETT 4, TV
TRV IBEETEHED, 276 32EBEOY 7 AT YO ERT A, T0 vl OF
MiCk2ERFBEALEES T,

43 FTEBIEDHEG
X ORREN A Fig, 48 & 49 10RY, Fig, 48 ik Fm & BT A mokRE|®T
Y, Fig. 49 MEFEELEABFOTOBETHO, ThoOHRERHHIZ I KRTEREN

18Hz L 22Hz T& 2, REAKROT — 2 ONEHEHIFI 0Hz T TTHE156, Tho Ok
REFIIRGRBICEESILO LY L1,
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Table 4.1 Friction factor

Test condition Static ’ Kinematic
Bottom face contact 0.25 +0.02 017 £ 0.02
Orne side contact 0.23 £0.02 0.16 £ 0.02

Table 4. 2 Column damping factor

Test condition

Damping factor
{ Percent of critical damping)
Column deflection (mm)

Excitation Top block

direction gap (mm) 0~ 30 30 ~ 60 60 ~ 100
X 0 25 30 35
Y 0 20 30 40
X 100 40
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WTHSL,
Table 5.1 . Histograms of impact force
Toput wave frea. (Hz)| 25 | 35 | 50
Block No. No.9 '
i mox. value  (kg), B22 17 944 907
TP mean value  (kg) 681 B 590 494
force [standard devigtion (k) 1. 138 .. 167 148
jvoriation factor (%) : 20 | 28 30
[ &7 o8y jo8 ;08
! 504 fos io.
Histograms CET gL i ‘o
! @E 04 0608 L0 04 0608 10! 04 06 08 10
‘g Relgtive impact force to max. value (-}
8 ! . 0
Note (1} Max. input acceleration 750 Gal, (2} Gap width 1Smm
Table 5.2 Colum damping factor
Damping factor
{ Percent of critica} damping )
Excitation | Top block Max. deflection of step wave input ( mm )}
: . 60 '
direction gap ( mm ) 15 | 30
X 0 30 27 3
X 10 - - 36
Y 0 29 29 37
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80 T T T ; T T T ;
B —0O—0— Sweep-up tfest
—_ —8--2- Sweep- down test
£ n . ,
£ 60} 1 Max. input acceleration -
~ A 150 Gal
s L | \ Excitation direction X o
- |
o [ \
i 40 | = .
[1}] | u
o i \
L ! \ _
g i\
E | \
x 20 | a .
@]
= \
- } F\.\ ]
|
|
0 M [ | |-—_—|*.¢ ] I |

2 3 4 5 _6 7 8 9 10
Input wave frequency (H;)

O

Fig. 5.1 Comparison between sweep-up and sweep-down
response on column  deflection

70 T

60

50+
Input acceleration
7504gal

40

301

Displacement {mm}

20

10

| |
o 1 2 3 4 5 & 7 8 g 10

Input wave frequency (Hz)

Fig. 5.2 Effect of input wave frequency and. acceleration on response displocement
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4 8 g

Displacement (mm)

N
o

e

10
Input wave frequency (Hz)

Fig. 5.3 Effect of input wave frequency and acceleration on response displacement

70
o
60 | :\7 X
| ")
—— | - R e
= 50r . Vibrate
E : Sweep down {2) Max- input acceleration
o 150 gol
. 4oF |
c I
£ ¢
e 30+ v o
=t I
2 | . Test
O 20F ; o
; Sweep up
| A
10 ' \
| \; Analysis
0 WQ | | 1 ? ? 1 ﬁ
9] 1 2 4 5 -6 7 8 9 10

Input wave frequency (Hz)

Fig. 5.4 Difference between sweep-up and sweep-down
response on column
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L3 X

Block No. . =< Vibrate

- T T T T T T T T =T T T T
1 ~ 250gal | | 250 gal T 250 qal
12 - 15 Hz i |4 Hz - 1.4 Hz
I

| 'ﬁ = — -

i0 ] Max. i Max. i

o L o a i Max.
B ‘ _ F -
i ] ! i

6 I I

5

4

I - L -

3

l—' ol — -

2

H

| i i L i L 1 1 | L 1 |

0 20 40 60 80 100 O 20 40 60 80 100 O 20 40 60 80 100
Displacement (mmj Displacement {mm) Displacement {mm)

ta) Top block gap Omm, (biTop bicckgap IOmm, (¢} Top biock weight 1.8 time

Fig. 5.10 Column vibration mode vs. Column and column boundary
condition { Vibration direction X, sinusoidal wave test)

Block No. VTbrcfe

E T. 300gal } 300gal 300gal
'2] i 15 Hz i 1.5 Hz I 1.5 Hz
I s Max. i

i Max. I o |

i B i X I\ﬂgx.

- - L

ElnJol{s[o]oj~[o]o[S]

0 Zb 440 66 BIO 100 0O Zb 4IO GIO SIO 100 O ZIO 4b Sb BIO 100
Displacement (mm) Displocement (mm) Displacement (mm)
tal Top biock gap Omm, (b} Top block gop 1Omm, {c) Top block weight 81ime
Fig. 5.11 Column vibration mode wvs. Column and column boundary
condition (Vibration direction Y , sinusoidal wave test)
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Shaking table displacement (mm)

table acceleration
NS

® Velocity
sdemsec)

|

i

9 e
\'f-}--*!‘

Shakin

‘5 sec

Time

o

15mm )

acceleration 250 Gal, 1.8Hz, gap

Fig. 5.12 Sinusoidal response ( Max.
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E
hl l A J L T
06 0 50 20

Gop width (mm)

Fig. 5.16 Effect of gop width and irput occeleration
on impact force

1000 Input acceleration
B o 750 (gal)
_ Aol 0 500
. . o \ e 250 X
o .
x Il a/&a \ \\
8 i / -
£ 500 d t\ }i Vibrate
“— \
B | 4 }f
8 I A \
ol a&i‘r’k\\ ’ \
\
- '\ \ \
0 | ¢ |:\: | L }1 L
o 1 2 3 4 5 6 T8

Input wave frequency (Hgz}

Fig. 5.17 Effect of input wave frequency and acceleration
level on impact force

( Gap width 15mm, Block impact direction X )



velocity (cm/sec)

Impact

JAERI-M 9265

1000 Input acceleration
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Input wave frequency (Hz)

Fig. 5.18 Effect of input wave frequency and acceleration

level on impact force
(Gap width 15mm, Block impact direction Y )
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Fig. 5.20 Effect of input wave on impact velocity and impact force
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Fig. 5.21 Seismic wave response ( E1 Centro 1940 NS, Max. acceleration 500 Gé1,Gap=15mm)
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Table 7.1 Mass, moment of inertia, spring constant
and damping coefficient

No%lgcj{lz Top block
a {cm) 2.5
b . (cm) 7.23
d {cm) . 5.2
h (cm) ) 14.23
I (kg-see.cm) | 0.524 1.36
n (kg sec’/em) | 0.00628 0.00918
L (kg-sec:z/cm) 0.00628 0.00918
GR’ GL (cm) 0.025
W - 0.2
Mg - 0.2
CB (kg-sec/cm) 1.77
Cf/ (kg-sec/cm} 0.2v0.12 (depend on column
deflection)
CD (kg-sec/cm) 4.2
M (kg*sec/cm) 1.77
¢ (kg'sec/em) 1.77
k®  (kg/cm) 2.5 % 10"
£ (kg/em) 1.55% 10
KM (kg/cm) 2.5 x lC\4
g (xg/em) 2.5 x 10%
P (kg/cmz) 0.0

Table 7.2 Effect of time interval on response dis-
placement and boundary impact foree

Time Relative displace- Relative boundary

interval ment (no-impact) impact force
(s) (em/cm) Chg/kg)
0.00006 0.9385 1.0042
0.00008 1.0015 1.0825
0.0001 1.00G0 1.0000
0.0002 1.0886 1.0504
0.0004 1.0601 divergence
0.0005 divergence divergence

(Input wave sinuscidal 3.5 Hz, 500 Gal}
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Table Al R EH E B RHREE
i £ B £ E 4 7 2 - 7 I =
o 100, 2¢0,
A | IERoRBHEBEL 580, 700
gal
100, 200,
B ” (2 @HEw S h) 5G0, 700
gal
C | =24~-7&H80° (F) 100, 150, 200, 350, 500g=al
D ” 90° (#) 100, 200, 500, 800gal
E 100, 150, 200, 250, 300, 350,600,
(EA)| * - 758#90° 500 gal
FaA v (Vv 4=EEMY| 200, 300, 60Cgal
7
FB (40 74 % ru7 1 0a) | 100, 150, 200, 300 gal
G 351‘-?%5&5’?‘%5}% 90° !Elg: égHZIS, 1.7, 2.0, 235, 3.0, 3.3,
H =50 7HHAR 90° 2Ry 7K 2HE
IF 8% 3 B ER
K | B gap 15 | 150, 300, 600, 900 gal
”
L (Oa' f.'fi?;étfﬁgap 25”0 250, 500Qgal
” o= .
M (Oa’ ﬁf;”:ﬁgap SNM) 230, 50053[
N | s»rapies( » )| 250, 500gal
P |e—rigB®( ~ )| 25Hz v— v & 5 C/beat
EaE R o EA
Q (09, m%ﬁgap 15”1) 250, 500, 7508’31
R sy aBEHB( » )| 250, 500, 750gal
"8 €— FERE( ” )i 25Hz B 35Hz ¥ — b 10C beat
T | EEME=ZHERAK( ~ )| 5,15, 25m
EsEm 5
v Swg e o )| 250, 500gal
C BB ., | 25HZ B 3SHA - B 10C, beat
X =7 oafElRREg oo 10, 1.5, 20, 30, 40, 50, 70Hz
Y | =x7. rERE 0 A5y TE2E
S v a AR
YA | 1o°, izt ar»7100m) 500gal
VA R4 —7TREE 0° 150, 250, 500, 750
ZA v (A V7 4 2ERME | 150, 250gal
4
zc (AU 74 =xFry710am)y | 190, 250gal
ZD |27 »7EBH®( ~ )i =x5ye7H1H
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Table A.2 REHEEBS4EHME

43 ® OB 4 SO T s
A | IFEROHHEQ) 100 gal | 3~30Hz AE#
200 ~ 5~21Hz # #
500 174 ’” ”
700 # 5~20Hz ”
10 Hz 500, 1000, 1300, 1500 gal
B | XBHOHEE) 100 gal | 1~30Hz FEgg
500 # 5~19Hz # #&
700 » b~18H:z ”
" C FlH=4—7HE 100 gal | 1~15Hz AEE
0° 5 150 ~# 1~10Hz #
' 200 # | 1~ 5Hz #
5~20Hz # =t
350 »~ 2~ 5Hz AHE#E
5~17Hz # &
500 ~ 5~15Hz 7
D | Fik=x1~7HE 100 gal ;| 1~10Hz A#R
950°HE 200 1~10Hz = #
5~20Hz # #t
500 5~15Hz
(800 #)
E | =21 —-7HE 100 gal | 1, 1.2, 1.5, 1.7, 2.0, 2.5, 27, E1~16
90° 5m 3.0, 3.2, 35, 4, 6, 8, 10, 12,
15Hz
150 » 1, 1.2, 1.5, 17, 20, (22, 25, |E17~
2.7, 30), 3.2, 35, 4, 5, 6, 8, E 44
10, 12, 15, 5, 4, 3, 2.7, 25,
22, 2.0, 1.7, 1.5, 1.2Hz
200 ~ 1, 1.2, 15, 17, 20, 22, 25, 3, | E45~
4, 5, 6, 7, 8, 10, 12, 15, 5, 4, E71
3, 25, 22, 20, 1.7, 15, 1.2,
1.0, 0.8Hz
250 » 1, 1.2, 3, 4,5, 6, 8 10, 7, 12,| ET2~
15, 5, 4, 3, 25, 2:2, 20, L7, ES1
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EEy 2O & SR B <5 A~ & F-2ER
E 15, 1.2Hz
(fr) 300 gal| 1, 3, 4, 5, 6, 8,10, 12, 15, | E92~108
5, 4, 3, 25, 2.0, 1.7, 15, 135Hz
350. ~» | 3,4,5,6,8, 10, 12, 15, 5, E109~123
3, 25, 22, 20, 1.7, 1.5Hz
600 ~ | 15, 12, 10, 8, 6, 5, 45, 4,35,| E124~136
3, 25, 22, 20Hz
900 # | 15,12, 10, 8, 6, 5, 45, 4,35, E137~147
3.0, 27Hz
156 #~ | 2, 22,25, 27, 3.0, 3.2, 35, EA1~EASB
| 4.0Hz |
FA|2q4~7THE 200 gal| 1, L2, 1.5, 1.7, 2, 22, 25, 27, | FA1~20
90° HMm, Y742 3, 35, 4, 45, 5, 3, 25, 22, 2,
Emwn 1.7, 1.5, 1.2 Hz :
360 ~ | (1,1, 11, 3, 35, 5, 45, 3, 25, FA21~32
2, 1.7, 15Hz
600 # | 5, 4, 35, 3, 25, 2.2, 2,(1.5)Hz | FA33~40
()L 310
gal
FB | 24 —78 100 ~ 08,1, 1.2, 1.5, 17, 2, 22, 25, { FB1~27
90° K, #Y7 4R 27, 3,32, 35, 4, 45, 5, 6, 7,
o ow 710 8, 10, 4, 3, 25, 2, 15, 1.2, 1,
08Hz
200 ~» | 08,6, 8,5, 45, 4, 3.5, 3.2, 3, | FB28~43
27, 25, 2, 1.7, 1.5, 1.2, 1Hz
300 ~ | 8, 6,5, 45, 35, 32, 3, 27, FB44~57
25, 22, 2, 1.7, 1.5, 1.2Hz
150 ~ | 08,1, 1.2, 1.5, 2, 3Hz FB58~63
G T 7 & ER AR 1.0 Hz 100~280 gal G1
90° Hm 1.2 # 100~250 ~ G2
1.5 # 100~280 ~ G3
17 # 100~360 ~ G4
2.0 # 100~550 » G5
25 # 100~700 » G6
30 # 50~950 » G7
35 # G 8

100~900 #~ .
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053 E = 7 B o5 A — FsEE
G 4.0 Hz 100~900 gal G9
(k%) 50 # 100~900 # G10
H | 27 v 7HAR ATy 7 RREM~30an H1~6
90° KA kR ~ —~
e ” 63 8n H8 ~9
K F e 150 gal{ 1, 15, 2, 25, 3, 4, 6, 10, 23, | K1~8
9g° hm, EEHR 27Hz K39~40
Fa w7 15mm 300 ~# 1, 2, 25, 27, 3, 32, 35,4, 6, | Kd~18
8Hz
600 1.5, 2, 3, 35, 4, 42, 45, 5, 6, | K19~29
8, 10Hz
900 # 2, 3,4, 45, 5, 55, 6, 8, 10Hz| K30~38
L | Emmses 500 # | 15, 17, 2, 22, 25, 27, 3, 3.2, | L1~18
0° 4@, HWEH 35, 4, 5, 7, 10, 4, 3.7, 3.5, 3.2,
F a7 25mm 3Hz
250 # 1, 1.2, 15, 1.7, 2, 2.2, 25, 27, | L19~35
3, 35, 5, 7, 10, 3, 2.7, 25,
22Hz
M | IEEBEAER 250 » 1, 1.2, 15, 1.7, 2, 25, 3, 35, | M1~32
0° B, HEW 4, 45, 5, 55, 57, 6, 65, 7, 8,
¥y 7 50 10, 12, 15, 8, 7, 65, 6, 5.7,
55, 5, 2, 1.7, 1.5, 1.2, 1.0Hz
500 »# 15, 2, 3, 4, 5, 55, 6, 65, 7,7.5| M33~57
77, 8, 82, B5, 9, 10, 12, 15,
i0, 9, 88, 85, 82, 8, 75Hz
N 5 v & AR ER 250 gal | EL-CENTO, TAFT, RREBIEE | N7T~9
0° A, @ER 500 # % ’ # Ni0~12
Fyrw 7o
P v b ERAE 25Hzv— | 250, 500 gal P4a~5
0° Hi, WmzEin R ( ST
Fy o7 580 -t )
Q B 35 250 gal | 1, 1.2, 1.4, 16, 18, 2, 3, 32, Qi~22

0°Am, HEW
¥Faew7 15mm

35, 4, 5, 8, 10, 12, 4, 35, 3.2,
3, 1.6, 2, 25, 3Hz
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i ® OB 4 ST B 5 2~ 7 2 &S
Q 500 gal | 15, 2, 25, 3, 35, 37, 4, 42, Q23~41
(%) 45, 47, 5, 6, 8, 10, 12, 48,
45, 44, 43Hz
750 gal | 2, 25, 3, 35, 4, 45, 47, 5, Q42~57
5.2, 55, 57, 6, 8, 10, 12, 5.3,

R | 5v&alEith 250 gal | EL-CENTRO, TAFT, XB4FH R1~3
0° 5@, kK 500 # ” o ” R4~6
¥y v 15 750 » ” ” % R11~13

g K b L ER 25HzEe—| 250, 500, 750 gal S1, 2, 4
0° M, HEm ;4
¥y v T 1500 35Hzv— | 250, 500, 750 gal S5, 7, 8

;4
T | MM A 5 #r 1, 1.5, 2, 2.5, 3, 3.5, 5, 35, Ti1~19
0° Fmy, i 3.3,-3.1, 25, 23, 22, 2, 22,
Fyw 7 15mm 23, 24, 32, 33Hz
152= 15, 1.7, 2, 2.7, 35, 17, 18, T20~28
15, 1.4Hg
25m 1.2, 1.3, 14,(2), 2, 25, 15,14, T29~38
1.3, 1.2Hz
U | E&ERER 250 gal | 1, 1.5, 2, 25, 27, 28, 29, 32, | U1~23
0°Fm, 35, 37, 4, 5, 7, 10, 4, 37,
WEMF + v 7 158 35, 3.2, 3, 28, 25, 17, 1.2Hz
AYZ4A 7 10mm | 500 # 15, 2, 2.5, 3, 35, 4, 42, 4.5, U24~41
5, 55, 6, 7, 8, 10, 5, 4.5, 4.2,
4 Hz '

v v F a A 250 gal | EL-CENTRO, TAFT, HREMBIEE| V3I~5

neHmE 500 " #” o V6—~8
HEMEr » 7 150
V742 # 10

W v — bR ER 25Hz®— | 250, 500 gal Wi1~2
0° F5m FE '

WE$ ¥+ » 7 15m | 35Hz¢— | 250, 500 gal W3 ~4
AUYFZ4x # 10mm ’

b
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AVZ 4 AEw v T 1000

sk * B A SN B 5 4 — 5 F— 2 BB
X | a7 akslirE s 1.0 Hz ~260 gal X1
0° 2im 1.5 # ~520 ~# X2
2 n ~300 ~ X7
3 ~580 # X6
4 # ~700 ~# X5
5 # ~700 # X3
7 ~800 X 4
Y | 25 » 7 HERAE 2T v T | BEREML~152 Yi~2
0° T%g%’% v o~ 60 mm Y 3
YA | 77 sk 500 gal | EL-CENTO, TAFT, XHEFE | YA1~3
' 0° Hi
Z z:t'f — 7 ER 150 gal | 1, 1.2, 1.5, 2, 2.2, 24, 27, 3, Z2~24
0° KM 3.5, 4, 5, 7, 10, 12, 15, 3, 25,} °
2,15, 14, 1.2, 1, 0.9H:z
250 ~ | 15,12, 10, 8, 6, 4, 35, 3, 25,| Z25~39
2, 1.7, (1.5), 1.5, 1.3, 1.2Hz
500 ~ | 15, 12,10, 8, 6, 5, 45, 4, 35, Z40~53
3, 25, 2, 1.7, 1.5Hz
750 ~ } 12,10,8,7,6,5, 4, 35, 3, Z54~65
25, 22, 2Hz
ZA | 2 —7RE 150 gal | 1, 1.5, 2, 25, 27, 3, 35, 4, 5, | ZA1~17
0° H 7, 10, 15, 35, 3, 25, 2.3, 2Hz
A VT4 REWEN | 250 " 1, 1.2, 1.4, 16, 2, 2'.5, 3,4, 6, | ZA18~34
10, 3, 2, 1.8, 1.6, 1.4, 1.2, 11
Hz
ZC | =24 — 7HER 150 gal | 0.8, 1, 1.5, 1.7, 2, 22, 24, 26, | ZC1~21
0° K18 3, 4,5, 6, 8, 10, 2.7, 25, 23,
AYZ 4 AFx 71000 2, 17, 1.5, 1.2Hz
250 # | 2,22,25,27, 3, 32, 35, 4, | ZC22~41
45, 5, 6, 8 10, 3, 25, 2, 18,
16, 1.4, 1.2Hz
ZD 27 v TEHEER IEERE | RKEfM 62 zZ2
0° K AT o T

() E454—2, Bl 54-2T()TTRLALDE, F—F% & bELAGVO, FHHHHET

Ens O T,
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Table A.3 &8l ¥ X 7 o fl #ME 0 M4 #Q)
& H B R XEA s oqt & 8 #
0 fr] E&Hr s r=r i3
’ ik WTF M AC~25D
# = & M T2 5m
ZRAEUHEH
(1)%?7\5%% H MI—-5W—25 2
B o # B £25.,5,10, 25z
(vrygm) |
B OB # o B 0~100Hz
Fy ¥ iAo 5
@Hn t B 7+ = MI—5W—60 (&) 1
W& # P +6,12,30,75m
(v 28k)
B & &E B 0~100Hz
F o v i 5
E & % et 12
& ® & & LP—200F
® = & +10 Oma
i B ORE - mEES 1
ot ' F o NVA—5W
#l = # H = E ~500cm/ 8
mFEE ~500G

F oy ¥ i oA

HEE « MBESLS ch,
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BHlvy x5 o HRESOHEER

Table A.4
 wmwEs B R B O A AR mom
mooE B EER n#HE St 5
ENDEVCO & 2220M1
A & B 2Hz~20KHz
( 4% up)
o E B B 5000G
F =TT 7 5
ENDEVCO# 2735QW
mEE Yy v v 1,3,10,30,100,
300,1000,3000G
DFABMEEERES 10
A OE XN AS—5¢C
n E B O B 5 G
B0 355t
FEBMEIHEM DS—6005F 2
B R # % B 0~2KH=
F oy A arH 6
g K7
BRI NEEHE 9
(0F2 - v HFRBEIER)
E X # =H 5 ton
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Table A.5 &M %a o8

ft

5]

7475 2748
F oy v Ao
@747 52 8
FarrAtarH
@747 5 28

F ey i ¥

~~
i

R560
14
Rz2go
14
R260
7

AL BADRHRER)

EXA L vmrs

= % a &

F oy Fx o

@= & 8 &

f'fy:fllbﬁ

5L—-16
6
5L—-17
12




