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ABSTRACT

The design fundamentals of the shaking tables are briefly discussed. In order to understand the recent
trends in development of the shaking tables, the characteristics and performances of the major seismic
testing facilities are investigated. The international standards related to the vibration tests using shaking
table are also overviewed. The newly designed multipurpose biaxial shaking table of Hyundai Heavy
Industries, Co., Ltd. is introduced. It has the capabilities to perform the vibration, shock and seismic
qualification tests in two simultaneous and independent directions (vertical and horizontal directions).
Since the shaking table adapts four extremely stiff torque tubes instead of much more expensive
hydraulic actuators, these tubes can restaain two undesired rotational motions. Regarding the
manufacturing and maintenance costs, the system is more economical since it has only two hydraulic
actuators unlike others.
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23 1. General Kinematic Mechanism for Shaking Table
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719 2. Triaxial Shaking Table using Torque Tubes
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E® 1. Characteristics & Performances of the Major Seismic Shaking Tables

Table Characteristics Performance
Facility Table Freq. Max. Controlled Max. | Max. | Max,
Size (m) Range Payload | Degrees of | Axis | Displ. Vel | Accel.
(Hz) (Ton) Freedom (mm) | (cm/s) | (g's)
KIMM 6 XY *100 80 15
(Korea) 4x4 DC~ 350 30 Triaxial Z + 67 65 39
HDEC 1
(Korea) 5x3 DC~ 30 30 Uniaxial +100 50 1.0
MEC 4x4 2 X +100 70 25
(Japan) | (11x4) |DC~ 30| 40 Biaxial [z | + 50| 70 | 15
IHI 6 XY +100 75 15
Uapan) | 45%45 |DC~ 50| 35 Triaxial v T = 67 50 0
Hitachi 6 X +150 100 2.0
(Japan) 434 IDC~ 301 20 | pyigyiyl ‘Z’ = Zg g 38
Ministry of XY + 200 2,
Construction | 8x8 [DC~ 50| 300 | r.8. 600 0
(Japan) Z +300 100 1.0
X +125 43 1.6
IABG 6
(Germany) 4,1x3.2 | DC~100 10 Triaxial ; f 1253 gg ;2
EPSRC 6
(UK) 3Ix3 DC~100 15 Triaxial XYZ | =75 60 1.0
EERC _ 3 XY *125 66 0.7
(USAY 6x6 |DC~ 50| 635 | piaia [T 15 s 3 T o7
SUNY 5 X + 75 76 05
(USA) 3.6x3.6 |DC~ 60 50 Biaxial 7 —— - 10
X + 70 76 1.0
US(GSI%‘L 3.6x3.6 |[DC~100| 55 Trioial Y | ®150 | 76 | 20
Y4 + 35 76 2.0
3. @49 A9 43
ARl A AW FALS AA 2o AW 54 Axe] B U 2YEH0) 5o X

e A=rt 27 qid Ay i g daT s AIP_M, HAE dHAhe F8
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F A vlEte AlY Y R 2dE FE¥EA Fstn Ak EG, A AFH 8xd AlY
Z21& 878t ARXRY B F, W7 AUAA € A7) AF 59 A5 FF AP d@ ZaA
TAE =R 24 st JFA P AT #F4L 712 FHFE HIANA AFY F2
FE 2Ata 33 FHE #odsts FIAY, AEFE e M AF AE4E AF
= AENSAY, 3 FA5E AT RS e UTAHE HAEFse A5 HTAENNE §
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J4g AlFe 7tste] AFe FA did WFH9E HAFEAEE #2219 3L
T R 33 AEdd BdE A FHANM a7 E AlY 220& YERE Aotk
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L ¥ 2. International Standards for Earthquake, Vibration & Shock Verification Test

Category Code Subject

Seismic Qualification of Class 1E Equipment for Nuclear Power
Generating Stations

Seismic IEC 68-3 Seismic test methods for equipments

Test
BELLCORE STD | Network Equipment-Building System (NEBS) Requirements:
GR-63-CORE Physical Protection

JIS E 4031 Railway rolling stock parts - Test methods for vibration
KS B 8144 Test Methods for Vibration of Parts of Railway Rolling Stock

IEEE 344

V“%r:::"“ MIL-STD-167-1 | Mechanical Vibration of Shipboard Equipment
IEC 77 Ch. IV | Rules for electric traction equipment- Test
IEC 68-2 Basic environmental testing procedures
JIS E 4032 Railway rolling stock parts - Test methods for shock
S;‘::tk KS B 8146 | Test Methods for Shock of Parts of Railway Rolling Stock
IEC 77 Ch. IV | Rules for electric traction equipment- Test
S T
Nehl 8 *
. , ‘& B! é&‘ [l JIS E 4031 / KS B 8144
?}: 106 o S ——ane - Variable Freq. Tesl
~ ; f( ‘ 1] o Endurance Test
E \’ B L._r> {No Resonance}
= - i~ i ALY Endurance Test
3 A // \ g \’ n (at Resonace Feq.)
z 2T KRG ST ‘
= ’ 9 a  JIx E 4032
g A AN ,/x)g : KS B B146 - Shock
_— T 7T 1
i N HA
< : A SR = MIL-STD-167-1
X E o - 7 A \ ”%" —= [EC 77 - Vibration
v P A ed LB m IEC 77 - Shock
ST Y
4 L i 1/ S : i o
21 ' 10 130

Frequency, Hz

% 3. Test Conditions for Vibration & Shock
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% ¥ 3. Specification

Téa_ble 4m X 4m
1z¢€
Freq. |DC— 100H @ <1 Ten
Range |DC~ S0 @ 8 Ton
| ARSI DC~ BH @ 16 Ton
Max.
Payload| 10 1O
- Biaxial
DOF 2 DOF

Max. | X +75 mm
Displace.| Y +50 mm

75g@ 1 Ton
X | 40g@ 8 Ton
Accel. 60g@ 1 Ton
Y | 35g@ 8T
24 g @ 16 Tan
Peal§ X 75 cm/sec
Velocity| Y 19 4. Configuration of HHI Shaking Table

42 29 FHLA
4.2.1 € o] & (Table)
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T el JFo| ] A Axd ¢S A 4 vk dEpA FA A Z%EH H A
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4.2.2 71 % (Foundation)

N‘%‘Eﬂ«] EFol o Wy g FHY Aoz ALGET 7l 17 59 JEd A Fo)
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SPECIMEN

SPECIMEN
N

FLOATING FIXED

- FOUNDATION

(a) Floating Foundation (b) Fixed Foundation

223 5. Foundations of Shaking Table
43 S4AA
43.1 44 7R 7] (Servo-Hydraulic Actuator)

AFdol AHgse Fd42 71371e ¢ WEea HFSEE Double Rod Cylinderr} A} &5,
73719 £%2& AAsed HF 719 5]7‘:‘ AL TFHE FAdH 289 F5 dHHes
AAREHE 7t "Holth, olo] BX A F8% AaE 2 12 A4H¥E 0il Column Resonanceol
4% 7tR7IY nfF JFFoH, AAY K4 7HA7dME 44y 4Dy d¥HAE FAHIA
A7l M FEHor AF ¢EHEL 84322 Oil Column Resonance ?—J]——’}‘— oy od g2
{72 Apgo] st ’21 1o A o & %o} 7HA7I9 LR/ FF Stroke7]~ ADATE o
olx]2 =2, Long Stroke ¥ LF ML 7379 ALde 28 7M7Y Eq‘“ TR Fogo oz
o 7bxviel &'l AAHEY. Y, 7MXVY £33 27 AR 88 d °?J"':‘ A &
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where, S = Bulk Modulus of the Oil
Ae = Effective Area of the Cylinder
M = Moving Mass
V = Trapped Total Oil Volume
= AeXS2 + V'
Stroke of the Cylinder
Trapped Oil Volume in Pipeline per Cylinder Side
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A A dES FFe F99Y F4EF A ¢ 9=, 457, 94 932 2 9
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Schematic of Hydraulic Power System for HHI Shaking Table

~170 -~



44 A 2 AZ

Az el AFdle Alele APy FH wer B8 iz SO gHolEol $EHER
Servo Controller& A o) 3t Outer Servo Loope} A oj7|o]A H4dd F% ANzo wat 7137171 &
23552 Ar BB E Aoldli= Inner Servo LoopE FA ¥t} Outer Servo Loopt Random, Sine,
Classical Shock, Transient, Shock Response Spectrum, Sine-on-Random, Random-on-Random %3 #-2& 3
83k 713 3L WS 7RV F%E AIZE Servo Controllerd] Ag3sl1, Tablee] +%52 =
Asle) o =3 w33 Tableo] A €5 FHH o1& BATZEHN d3les Aol E 5 3
T2 AolstE= A xo)t}. Inmer Servo Loopy 7Hzl7lel Axg W9 (LVDT) 2 ¢Eat (4P) &
A AXE B 71779 £§ 2 ZEE obdle] Outer Servo LoopollAl LA"E FF A3
Y& =2 Analog WAoo 2 Mg WBe 71A7E Ao 8= Close Loop Systemojri. 2 )¢
Aol AXE 29 79 el A3} ol Data Physics A+2] ControllerE Alg3lgow, 727 A2
A}Ql Gardner System A}¢] Servo ControllerE At83gich. W3 20 Ad 9] Data Physics A}o] A=
FXE AL A T BEY 4 v BEEHAR, FF 4A FAHAY ¢ glenzg B
HulE o= AR 9§ olFd F4H FEE AAY AYoith

ANALOG / DIGITAL “"OUTER" SERVO LOOP

CONTROL
SYSTEM

FEEDBACK

TABLE ACCELEROMETER

ACCELEROMETER

e T

SERVO
CONTROLLER|

SERVO VALVE DRIVE SIGNAL

ACTUATOR LVDT, VALVE LVDT & DELTA-P FEEDBACK

7.

ANALOG "INNER" SERVO LOOP
28 7. Schematic of Control & Measuring System for HHI Shaking Table
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