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2 SHAKE TABLE SYSTEM

The shake table facilities at McMaster
University consist of two single axis
tables; one for horizonta!l motion, one for
vertical motion. Both tables utilize an
MTS closed-loop control on a servo-
hydraul ic system with a 132 litres per

minute capacity power supply. Other
characteristics of the shake tables can be

found in table 1. The shake tables can be
operated in both acceleration control and

displacement control modes. The
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gy shake table facilities, a Data Genera]
- 1ipse Minicomputer was used to provide

. .we analog earthgquake time history signals
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analog signals were converted into digital
.. and recorded on magnetic tapes by a

| ‘ﬁtiﬁted to a PC so that the recorded

i-+3 can be transferred to the PC for data

: ing. The PC was also linked to the
mﬁitfs mainframe computer where a
_ strong motion record database and many
 useful data processing software packages
mm. The PC also served as a |inkage
U e +he Data General Minicomputer and

‘m niffrm computer. Through this
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. data acquisition unit. The Megadac

~_ The disadvantage of the above system is

3

PERSONAL COMPUTER

port and a

as a3 i

inpuréa;ig L/?: boart;i, where 1/0 stands for

Sisigr o UT PUt) is required to perform
S. (The readers should note that

in thi
'S paper the terms, input and output

or [/0, are used a} '
. | a' wWays with refere
ne PC unless indicated explicitly.r;ci -

Wi :
Foget';a”ety of such board is available
e IBM PC and compatib}
ety : Patibles. They
_y can be installed in one of the
€Xpansion slots of the PC., Beside the
hardware, software is required to drive
the analog-1/0 board. Softwares for such
ﬁ;rp?setare avai labe from the board
nutracturers as wel '
i ell as third party
In order to select the appropriate
hardware and software for the new PC based
system, one must specify the requirements
on the performance of the shake table
system. Based on past experiences with the
old system, the fol lowings are specified
such that the new shake table system can
perform at least as well as the old

system:
1. at -least 8 true differential data

acquisition channels;
2. 200 samples/channel /second analog

input sampling rate;
3. 140 samples/channel/second analog

output sampling rate;
4. 12 bits data resolution for both

analog input and output;
5 + 10 volts of analog input voltage

range;
6. ¢
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Conner (1986) and
| ery comprehens!y 4
7:?*;“:;#33 of anal'og-l/O board

Full scale range O
converter of 8 bits resolution C

analog signal _
:g-“ vo?t for a 12 pbits resolution

converter). The data resolution of a

11y fixed,
icular board is usua
ﬁ:::ver. some manufacturers offer boards

with programmable data resolution wher"gn
the desired accuracy fFor data convers
can be selected using software. The

overal | maximum samp | ing rate for both
analog input and analog output for .
different boards can range from 2.5 KHz to
130 KHz. One shold not be overly impressed
by the high sampling rate specified for
some of the boards because the max i mum
overall sampling rate is usually governed
not by the hardware but by the software,
The A/D and D/A voltage ranges of an
analog-1/0 board are usual ly limited to

+10 volts. Most of the boards have more
than one range beside the standard 210
volts, and they are selectable by

software, or hardware by means of switches
or jumpers. The user can select the
optimum range to obtain the best data
resolution for his instrumentation. Some
of the boards can amplify the input analog
signal for each individual channel before
any A/D conversion by means of gain
settings. The gain settings can be switch-
selected or software-selected depending on

the boards. One should note that -
gain (eg. 100 time g, o

ate of most of the

. greatly. Majority ¢

e res v ar o a8
. Put with a data resolution of 12

s) is being used, the

to +2-7 volt accuracy and

ard.
bo?l:e Lﬁb"ﬂﬁtﬁr boards Cons i«

nother board and daughter bos, .
by & r | bbon cable, The mother |

instal led In any Of the expan«:,.
the IBM PC. The daughter bf:)é!!{*j _
outside the PC and is containey
enc losure. The boards provide
of eight channels of true dife.,
analog input (expandable to |-,
and two channels of analog out. .
boards are capable of perf-‘mrmi':r_"i'r_.é' b
[/0 at a maximum rate of 40 gy,
bits data resolution, The aru.:n;_,.%
voltage range is limited to . PPy,
The PGH (programmable gain) rjm*‘
the input voltage to be amp)ifi .~
or B times. The analog outpyt J 0y 2
range is jumper-selectable, ar_hd“;
options STy 2 LD volits, o 3 ’Jf'"_}“g;:h
10 volts. Five independent coynt.. -
avail lable to be used in contrg) ;. '
analog 1/0 timing. NG the
The board is mapped with the pr ..
a set of 16 consecutive 1/0 porte
PC. The PC controls the board p, .. . "
writting a pattern of bits onto tn. '
appropriate 1/0 ports. Digital da+.
received from or sent to the mar{

these ports,

3.2 Software

-

Most of the analog-1/0 boards, inc

- g - g

the LabMaster, are supported by softwar:

-
" I
Y il

from the board manufacturers and thirg
party vendors. The software packages
offered by the board manufacturers ar
usual ly in the form of subroutines
callable by a host language, such as BAS!Y
interpreter or compiler, FORTRAN and
PASCAL compilers, Some examples of the

| ibrary routines are analog input, ana o
output, clock counter and plotting. The
user can create his own driving progran b
combining these routines together in2a
main program written in a host languad®

The software packages offered by thirdc

party vendors are usual |y menu driven ane
they do not require any programming by
the user. Apart from the standard and'®
/0 features, these program packages =
usual Iy provide many other useful feat“d"‘
for both real time signal processing ar;
post-processing. Some examples are 09
time display, FFT, curve fitting, .
integration and differentiation. 9™
the software packages have ! oW
foreground/background feature which °
‘multitasking” operation, for exam'®
erforming analog input and output
simultaneously.

m&. 'Bﬁft“re packages prOVide
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__.E.Weasive features, an

B R time can o |T the,

y area

» drawback is that none
Wrﬂm“ analog input and oyt
mgimultaneous 1y” with the reqy;

red

gamp1ing speed. The only choj;
the authors was to write the‘if_ealwt to
wn

software to drive the boargd

Put

- 4 DEVELOPEMENT OF SOF TWARE

The fol lowing subsections descrj
e ement of the software useget;he

the analog—1/0 board. The major feat

of the software wil] S

a150 be described,

4.1 Basic requirements

Two basic requirements were ' '

:n the developement of the sgiizar“z o
sackage. Firf‘.st. the software must be
friendly. This 1s essential because tazer
shake table user should concentrate on hi
research rather than wasting his time anz'jS

energy in struggling with a user
unfriendly system. Second, the software
sackage must be able to be used in
performing the fol lowing tasks:

1. setting up data acquisition and shake
table control parameters;

2 driving the analog-1/0 board to
perform data acquisition and to control
the shake table;

3. displaying and plotting the acquired
data on the computer screen; and

4. writting the acquired data on disk.

4.2 Computer programming |anguage

" As mentioned earlier, the board

must be capable of access

communicates with the PC through the 1/0
ports of the PC. Hence the progranming
language used in writting the software
ing these 1/0

ports. This limits the choices of

programming language to more of | ess
N_Wn Turbo PASCAL and assembly | anguage:
Furthermore, the high speed

analog 1/0 el iminates the choices of the

~ high level languages
1m]ng assembly l1anguage as
' m’ﬂ; However, high speed
required for analog !/0: 27

1
[
g m
1
i

: icient (inefficent in

g W ical, For this reason. the

i
W o B

(BASIC and PASCAL)
the only

is only
4 it 1s not

v to use such difficult and

| anguage
where spee€
program

mming) programming

requirement of

. e
farlier, 3 SDthU‘rE‘mentS mentioned
The Ooperation nare package was writt
drj S of the soft o
ven, ware are menu

ch senc?ing out analog signals
motion of the shake table,

menu of the 4
the following ten optioia;kage o

l. display cur
rent data acquisiti
shake table control 5et_up.cq1SJt10n e

g. set up for data acquisition;
- Set up for shake table control:
g. autobalancings; ’

initiate data ac e s s
ahida ket quisition and

6. display data on screen;

7. plot data on screen;

8. save data on disk;

9. binary file utilities; and

10. return to DOS.

The fol lowing paragraphs describe each
of these options briefly.

1f option | is selected, the current set
up for data acquisition and shake table
control will be displayed on the computer

screen.

Option 2 is used toO set up the control
parameters for data acquisition. The user
must provide the fol lowing information:
total number of channels to be samp | ed;
samp | 1Ng speed; sampl ing duration; which
channels are to be sampled and the
corresponding gain settings. The entire
set-up information can be saved on 38 disk
file, and 10oaded back if the same ?'et-up
e needed again. The fol lowing choices can

be found 1IN option Z2: '
|. create Or modify the current set-up;

File from disks
o on disk; and

shake table

history file from disk

A time history

displacement time
disk

* the unit of
which have led into the
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and at their "zero" positions. When

auisition and shake table
Ko other is

data to be saved in
be readi ly accessed

Einary fromat which ca
¥ BASIC interpreter.

reading ASCI] data,
ASCI 1 format is als

: O ver ' :
Darttcularly. X . e

for a large number
of
channels of data recorded for a long

gurai:.mn. In most cases, not al ] the
_CCIUH_‘ed data are needed to be processed
;nm?dlately after a test, therefore, it is
€Sirable to save the acquired data and
1:.he cofresponding data acquisition set-up
In a8 binary file, which only take a few
seconds to be saved, and to continue with
the rest of the experiment. When the data
are needed later, they can be easily
extracted and saved again in ASCII format
using option 9. Saving data in binary
format also has the advantage of saving a
lot of disk space which would be at least

three or four times larger if the same
data are saved in ASCII format.

Option 9 contains the utilities which
handle the binary files saved with option
8. This option consists of five utilities
which are listed as fol lows:

1. load a binary data file from disk;

2. display data acquisition set-upi

3. display data on screen;

4. plot data on screen; and

5. save data on disk in ASCI I _f'ormt.

To access to a binary file, util itye:!
must be first used to load the requir .
binary data file into the comlpute:h:edn’:t:'
Utility 2 can be used to display the

g utility 4. Any

F
or a combination ©
can be extracted and
file in ASCIl format

channﬂls Of- dﬂta
Jritten on a disk

using uti

785
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Bui lding SYS
target spectrum

th;o sa}t;hieve the required ke

excitation an acte target spectrum
. to the

which l's Z:Jjﬂt-’*ﬂtfb'e . y was passegf
was derived. £11ter which cuts ©

h pass
through @ high pa R 8

low frequency C ;
Er;e Hzc; to reduce the unnecessar 1y large

displacement associated with the. Io:_m
frequency components. The filtered tI

5.2 Using of the shake tab) -

package

This subsection i"UEts,,
5hake tab' e testi ng F)a[:-kr._ﬁ:;f__
testing the equipment g, _

seismicC shaking. The tEHti%.
of the equipment was sig. .,
As soon as the driving ...,

- 1%

Joaded and run, the main .

e r

the screen. Option 2 wag .
set up for the data acqyi...
After the required infﬁfm_::jl_;_-
R T ttw iﬂformég;i
ih & disk file for futyre .

option was then invoked ;J

the required displacement \
SiﬁCE the t'me hiStOry Was tﬁp

format, it was read in by ¢ ' Cl
gption.The scaled time hjoy -l

-

back on the disk as binary ¢,/ “as o,
BEEEENIEREHe Table and +h. o OF fiu
i E'.JF:- o

l‘ESt and at thEir HZEFO" POS i+ : - tilen |

o

i Ij-l.;l .

4 was Invoked to eliminate +r. ' o

-

voltages existing in the B tidy
this point, all the requirey .

-u-.\;l.__.!!
ml;’l.‘.i_*r-__” e

data acquistion and shake tan . P for

ek

e
b |

"
1 S
= ¥
- i

| d tO were c:ompleted. wWhen opt i e 3
' then numerical ly integrate tion 5 g .
:;:Tgr{hza:ﬁsplacement time history which the whole test set-up INformat ol

the shake table displayed on the screen for ™

1
a
1 -~
|
\ i
-

i L Lt I, e L Wt NG SO T
iy 7 o » L) et}
"F; -'"'#:'Fr--.‘f‘_-: -._..I.I.'I'._',L; ~ o e
ol P I. | — 1 -
| iy
it R 1 i
i sk o |

t consituted to the input of . ; b
3 system, The displacement time history 1s B 't WaS correct. Upg, 4,
4 shown in figure 3. It has a duration of confirmation on ‘Fhe correctness of 4,
30.7 sec, a maximum displacement of 9.39 set-up, the shaking and the dat,

cm and can produce a maximum acceleration acquisition was initiated by Pressin

? _ of 1.05 g. Key on the keyboard. After the compi....
e Of_: the shaking, the collectec data yere
B displayed and plotted on screen ysin.
{1 - 5.1 Test set-up and procedure option 6 and 7 to see whether they ,.fc.
; T asiead . samp led correctly. The entire s; }e::vc?‘;ar-:;:
& concrete slab which was :as mn;nted iy - dat§ B g datz
shake table. A total of F:t?:re 5 g 2?‘,‘”‘5“5'0“ SEL=Up were saved in a bin
acce lerometers and two LVDT’s were used i e . o, et of data
F the experiment. Three e d:n corresponding to the table acceleratio
one LVDT were mounted on kg 5.81'1 Was extracted and saved in an ASCII file
shown in figure 4 for both r'l:l'e;:lmen as The recorded table acceleration tin
testing orientations st oy history is shown in figure 5. A respons
SPectrum was computed for the table
acceleration and plotted along with th
target spectrum as shown in figure 5 [
. €an be seen that the computed spectrun
£ everywhere greater than the target
gj SPectrum in the region interested {"'r‘fﬁf-f
i than 2 Hz), hence the table motion ¥
ﬁ adequate, There was no n\alfunctiﬁﬁfﬂg
. | damage of the equipment detected dur'™
and after the shaking. The above P "
Was also repeated for the front to %"
testing orientation, and again n°

m'funcﬂming Or damage was detecte®

6 SUMMARY |
- daté "

AN efficient and relatively 1o% <
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Fig. 6 Response spectra

misition and control package was
ﬂme}oped for the shake table facilities
gg ucl'laster University using a personal
computer and an analog-1/0 board. The
software used to drive the system was
._*” ,”]itten in BASIC and assembly

~ language. The system is capable of
 sampling eight channels of data at a

 maximum sampl ing rate of 1000
mles/channel /secondwhi le
~ simultaneously control 1ing the shake

tﬁih The performance of the package was
und very satisfactory and i1s very
dequate for small scale shake table
testing such as seismic qualification test
‘or equipment. Although the package was
e loped for the shake table faci lities
cMaster University, it can also be
pted to other single axis shake table

nas well,
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