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~ ABSTRACT

Vrbration Test is a part of besjc envirorrmentai testing of electronic and eleeterical
- items and components. ‘Vibr_etiorj vtes't' (IS_;9(}?Oi, PAartAXI‘II—-1981‘:) determines rh_e ‘ab;ivlitAy
~ of electronic and electrical iterhs to with_stand »speei_f_i’e'dseverities of »vibra‘t.ion‘. The :
vibration test witlr an antilogarirh'mic‘: s»r'eep rate of 1 octave/min and a frequency
range of 10-150-10 Hz is -developed;. The vibration test developed in rhis work -is
to test llre Energy>Melers, irence the severiti'es.- of viBrations as per 15:13010-1990
are fo_ilowed. The arrrplitudeio‘f-:vi‘pretio;ns_ _-is -:eontrolled‘and maintained constant at -

- 2mm peak in constant displacemerrt range and.2.2g peak in constant acceleration range.

Vlbrator on which the meter under test is placed has an input-output response '

- ’characterlstlcs which varies w1th f requency and weight placed on it: Hence, displacement

- and. aecelerauon of vrbratlons generaled by vibrator changes for same input excntatlon

with varymg frequency & mass.

'The purpose of this work is to genera'te the desired.excitation signal i.e. a signal
havmg an anulogarlthmlc f requency sweep rate of 1 octave/min over a frequency range
of 10-150-10 Hz, which produces the required displacement and acceleration amplitudes
of vibrations. For this, the paramétérs of the transfer function of the vibrator system
. are roughly estimated to cover the frequency and mass dependency. Displécemem

and "acceleration are monitored with the help of accelerometer.

G



First the opeﬁ loop control of input excitation is done and the output acceleration
is monitored. Then the closed loop PID contt;ol is used for controlling the input
excitation to get displacement and acceleration to 'a specified constant value. The
developed software is giving satisfactory results and is independent of the charaétériétics

of the vibrator, pay load and frequency range.
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CHAPTER - l
. INTRODUCTION

1. 1 VIBRATION TEST

The v1brat10n test requlres that the frequency should increase and then
’ | -decrease in an antllogarthmlc fashlon w1th constant peak to peak dlsplacemént
for certain lower range of frequencres and w1th a constant acceeleratlon m
higher range of frequen01es As v1bratlon test is used for testng many dlfferent
"typcs of electromc and elcctrrcal items, hence dlfferent standards specrfy
a d1fferent value of frequency range peak to peak dlsplacement acceleratlon
‘-and Cross over frequency. For the problem in hand, the values have been

taken from IS:13010-1990 corresponding to testing to Energy meters and -

efforts have been made.here to achieve these values. The values areﬁas follow:

“4.(a) Range of sweep frequency 10- 150 10 Hz

l(b) Sweep rate: 1 octave/mm

. (c) Constant Amplltude (between 10 Hz & 16-7 Hz) : -2 mm peak.
-”(d) '“Constant Acceleratlon (between 16.7 Hz to 150 Hz) 2.2 g peak

The v1brat10n amplrtude can be specrfred in terms of constant displacement
or constant velocnty or constant acceleratlon The term amp11tude is used
in the w1der sense of peak value of an oscﬂlatmg quantlty Each value of

dlsplacement amplltude is assocrated wrth the correspondmg value of velocity



or acceleration amplitude. The rel'atioriship is as follows:

; it |
Acceleration (m/s?), = 13:)00 Displacement (mm) o (1.1)

Veloéity (m/s). Fiﬁ Displacement(mm) . - (1.2).

Where f is frequency in Hz.'

For any combination of dis'placemenﬁt and aéféélﬂer‘atiOn’am;i-litude or
displacement and velocity amplitude, a crossover frequency can be calculated
from the above releationship, so that the magnitud.e ‘of vibration is same at

this 'frequAency.

1.2 VIBRATION TEST SYSTEM

The vibration table among other uses is used for testing of various electfical
and electronic products in the form of vibration test. Vibrator or vibration .
table-_ is a system on which the unit under test is placed. It's re.'s‘pc')r‘]sei varies

with fredue,ncy and weight placed on it.

As the response of the vibrator changes with ffequency and mass placed
on it, thé app'roximaté input excitation vs response relationship is obtéined
in terms of T'ra‘nsfer Function(TF). The parameters of the T.F. are estimated by
studying the input-output characteristics. The-excitation is varied ‘w_ith frequency
acébrdihg to the TF in the open loop control. Then also, the requirements of
peak to péak displacement and acceleration are ﬁét ~met cdmple_tely. The

1

remaining discrepencies in the achievement of the requirements are nullified



by applying the Negative feed back closed loop control. Continous control
_action consisting of Proportional, Derivative and Integral action is employed

for achieving the desired results. ,

In this work the fréqueri.cyr is cha_nged in stepéénd 32 samples per cycle
,are'_outputted. _It’is assumed 'tha't the‘wayg sha.p;e"l(-)f vibration is sinusoidal.
The | language used for c,a_l‘culation of non#‘f'ime cfiiicél actions is C language
- and for time-critical actions is assembly langQége. .A'm’ong l-li.g»hﬂlekve! lz_mguages,
C lénguage has been employed-beéause it can.'pe eas‘ilyV li‘nAke:d with the‘ass'embly

. language procedures.



CHAPTER 2
CONTROL STRATEGY AND SYSTEM SCHEMATIC

The vrbratron systems input- output response characterrstrcs varies with
frequency and mass. The adaptive control strategy -is utilized in this work First
the Vlbratron- system the gain transfer function is determmed. After gettmg the
gain transfer function the open loop control of the 1nput excitation is done to get

the desired acceleration output Fmally, the closed loop PID control of excitation -

T is 1mplem‘ented to get the desired dlsplacement and.acceleratlon output.

2.1 ADAPTIVE CONTROL
Atlap_tive control has been an identifiable topic in instrumentaiton and control '
~ engineering for at least a generation. The description adaptive signifies that the
controller performs two srmultaneous functions; it learns about the controlled
'process whllst at the same time, controllmg its behavrour[S] The application of
self tuning control strategies started in 1950's w1th the development of self
adaptive system in air-craf.’t for changing flight conditions[6]. These efforts,
v'however, were largely unsuccessful Because of lack of theory and bad computer

hardware.

Renewed interest in adaptive control occured in the 1970's due to significant
theoretical developments (Astrom and Wittenmark 1973; Clarke and Gawthrop
1975) and availability of inexpensive microprocessors based hardware. Presently

- adaptive control systems are used in many processes/systems[6].
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A general approach to the desrgn of an adaptlve control strategy isto estlmatel
the parameters in an assumed process. model on-line and then adjust the controller

settmgs based. on. the current model parameter estimates. -A block diagram

'1llustratmg thls approach is shwon in Fig 2.1. At each sampling’ mterval the ..

parameters m the process model are estlmated recursrvely from mput output data
of the - process and the controller parameters are then updated. This approach is
--the basrs of the self tuning adaptlve controller(Astrom and Wittenmark 1973 -

. Clarke and Gawthrop 1975)

| ' Self Tunl-ng control t'echni'ques can be c»la‘s.sified-intO'tWO "dlfferen-t
methods[6] exp11c1t method a process model is used and the control calculatlons
are based on the estlmated model parameters. The model parameter donot directly
appear in the control law. In the implicit method, the process model is converted
10 a prediction form that allows the future process output-to be predicted._from
current and past values of the. input and output 'yariables by using a predictive'
model. The control calculations are eliminated because the model parameters
are also used as control law parameters. . In thrs case, the control law parameters |

are dlrectly updated from mput output data

In this work ‘as the vrbratron system input-output 'response is dependent on .
frequency and mass of pay load, its gam transfer function was.determined. Theni.
for making the system adaptlve to the frequency & mass varratlons, the 1nput
excxtatlon was calculated from the gain transfer function for getting desrred

constant output, . In conJunctlon with the excitation determmatlon from the gain.

transfer functioir,' }l_?ID feed back control was also done.



2.2 MODELLING OF VIBRATION SYSTEM

_.l\{!any Processes are well represented by' r']"ransfer‘Functiovn(’l"_;:l"*_'.). models upto__
: -secondvord'er. These TFs may be expressed in cont'inuous"‘or sa-iripl_ed data variables.
A’lso‘, although most processes are innerently continuons'in?n_axture; tne' system
used to control these processes are increasing'ly, based on digﬁél: computer and
apply-a sampled data control algorithmilIn thi{s work the modelling of’ the vibration
system has been done off-line, so the a_ssurned Gain T.F. was expressed in
continuous form. 'As gain of the system varies inversely with"tjh'e. fsequenCy, SO

the assumed transfer function was taken as

. Gain(G) = Output acceleration : ‘ (2. 1)
. Input Excitation
- - 1 .
G_‘AJ_,F#C | - (22)

. “Where f is frequency in Hz.

A'&C are Constants | |

Also, by varying the mass of the p.ey load, it was obsegfed,fih_-z.i‘t.:_the.*co_ns_t_ant,A'

\'/ari:e's directly witn Mass(rn), with tne-re]ation A - o
A'=Am+B | @y

svhere A&B are contants. . |

Hence the assumed Gain T.F. of the vibration system became o
1 i

" (Am+B)f +C_

(2. 4)

2. 2 1 Study of Response and Parameter Estlmatlon of T.F.

The Input(Exc ) vs Output(Acc ) response was studied for varlous values of



mass(m)- viz. 1 Kg, 2.4 Kg "‘an'd‘ 4 Kg'corresnonding to bare' table, 1-¢ Energy
meter and 3-¢ Energy meter respectlvely in the frequency range varymg from 20
Hz to 150 Hz The Gam of the system calculated at varrous values of mass and
- frequency are as tabulated m Table 2 1 The plots of galn vs frequency are glven in
Flg 2.2, 23& 2. 4 After observmg the data in Table 2 1 and seemg the trend of

the gam Vs frequency plots the value of contant Ci 1n the assumed T F was taken as

c=006 . . @sy
So o

S R ol

O TAatroos - 20

"Then, for same valué of frequency (f=100 Hz, say) the value of constant A'

‘was coming to be

for m =1Kg, A'=0.000542
m =2.4Kg, A" = 0.00107

| m=dKg, A'=0.00162 Csen
So from equati'ons (2.3) and (2.7)
A+B = 0.000542 |
-2.4A+B=0.00107 | (2.8)
" 4A+B=0.00162 '



" TABLE 2.1

Measured value of Gain : Gain Calculated from T.E.

. Frequency [Mass,m=1kg| m=24 ‘gkr m=4kg | m=lkg m=24kg | m=4kg
20 | 144 | 144 | 1238 141 . | 1236 10.8
25 - | 139 148 | 131 | 136 | 1161 9.95
30 7| 134 1405 | 120 13.1 10.95 9.21
35 | 124 - | 1226 11.75 12.66 | 10.35 8.57
40 | 16 | 1252 | 10.87 12.24 | 9.82 8.01
45 | s 113 . [ 993 1185 | 934 | 752
50 | 113 .. | 1047 944 | 115 |- 89 | 71
55 - | . 105 8.86 8.0 1135 | 851 6.71
60 99 | 835 7.48 10.81 8.15 6.36

65 11 | 829 - | 7t 10.5 7.82 6.05
70 107 - 8.06 6.86 10.21 7.51 5.8
75 .| 102 778 - | 613 | 9.93 7.23 5.51
. 80 99 ' | 7.39 5.65 9.68 6.96 5.27
85 99 | 694 5.65 9.43 6.72 5.06
90 0.8 670 | 533 9.2 649 | 4.86
95 9.7 | 633 | 4.88: 8.97 6.28 4.67
100 9.7 6.06 4.84 8.75 - 6.08 4.5
105 | 95 576 | 4.46 855 | 580 | 435
110 93 554 | 411 | 836 | 572 - .| 420
115 - | 90 | 524 358 | 8.18 5.55 4.06
120 87 | 501 3.05 8.0 5.39 3.93
125 8.7 4.88 28 783 | 5.25 3.81
130 835 - | 454 2.89 767 | 5. 3.7
135 8.1 4.27 2.91 7.51 497 - | 359
140 7.8 4.14 1.72. 736 | 485 | 349
145 8.0 3.74 2.25 722 | 473 3.39
150 | 7.7. 3.165 257 | 71 4.61 | 33
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- By solving equation (2.8) the approximate values :Qf A&B wer_e'found as
A= 0.00036 T 2.9)
B=0.00018 LT (210

So the assumed Gail_l T.F. took the form "

-1 -
(0.00036m-+ 0.00018)f +0.06

(2.11)

This T.F. is then used for calculating the required input excitation for getting
the required output acceleration of 2.2g peak, for the given mass and frequency

" range.

“2.3 OPEN LOOP CONTROL -

_.In the present work, first the open loop control was implemented. The ope.n
control Sy;tem uséd is shown in flg 2.5.l In ;)peﬁ loop éontr(;l the output was
changed‘ to any desifed value -by _yapp’rop'rjiately chan'giqg the inpu_-t signal. But
variations in external conditions or i'n!:egnél paramters ofv the.systém may cause

" the output to vary from the desired value in an uncontrolled fashion[7].

The system transfer function was _6btained as discussed in section2.2. The
-control action generator calculates the cb_ﬁ_troll»éd ‘é}@citation'ffom the system T.F.

* From equation(21).

Output acc.
G

Input Exc. = (2.12)

12



Power
Ampr.

Vibrator

Controlled
Vibrations

[

>

| |
| “Error |
: | Detector Effor | System | ](Elon-t rc;l.led

De.SiEEd__l__,@ signal _| Transfer Function |_| Xcltation
Set point | y and M
| | PID controller |
O |
O ,

Controller
Accelerometer

Fig. 2.6 Closed loop control system

13



Substituting value of G from eqn. (2.11).
' Input Exc. = output acc x [ (0.00036m+0.00018){+0.06] (2.13)

The controlled excitation was given to vibrator through Power Amplifier for
" producing vibrations. The acceleration of the vibrations was monitored for the

desired values.

2 4 COLSED LOOP PID CONTROL
After momtormg the open loop controlled output to lmprove the v1brat10n'
i \.;
_t system further, closed loop PID controller has been 1mplemented The closed

loop control system used is shown in flg. 2.6.
Y '
In this system the excitation is updated with the change in the signal

frequency based on the system transfer function and also corrected with the help

of PID controller based on the error signal.

2;4.1 PID Control
The PC provides pro.port-ion‘al, ‘integral and derivative control action through
software. The general aﬂnal.og equation for the PID controller output is
m(t) =K, e(t)+Ki'fe(t) dt+Kd'§{e(t)+Mo - - - (2.14)

" In _ discrete form, the equation is _
m, = Kp'en + (Ki"At)Z e +[ )(e e, )+M, (2.15)
. =4 .

m, =K e, +K, Ze +K, (e, —e, )+ M, | ‘ (2.16) .

,_

14
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| whe’re"’rﬁ_(t)= Controller input signal.’
~- e(t) = Error signal

‘M_ = Constant

(8]
Kp = Proportional gain constant
. K; = Integral action constant
K;-= Derivative action constant

The ’co‘ijit;’olled input'm_ is given to the vibrator through the DAC and power

amplvifij[er. .

2.5 SYSTEM SCHEMATIC

"The _major blo,c_ksl.of the vibration test system developed are shown in fig. 2.7. -

Here, ‘C'Omp-;lpjipg _w'ith’.th'ev generﬁl _clqsed loop sYstem, .

‘ (5)' ferso-nal —c_omp‘uter (PC);  Digital to Analog Conyérter (DAC) and '-Analog to.

Digital Converter (ADC) corréspbnd_s ‘to error detector and contrQl.‘actionv

generator. |

-~ (b) --P'ower'_A'-mplli_fier correspond.to actuator:

(c) - Vibration table -c’orrresponds“to controlled -p'la‘rlt.'

(d) Accelerometer along _‘ wit~h-> Strain 'Amplifi‘er corresponds  to _r_n‘ea.suring-
 element. | | | |

“The control action has béen provided ihrough-software techniques.

2.5.1  Signal Flow

Before _starting thereal-time problem, the necessary data for antilogarithmic

16



"sweep rate of frequency are calculated as explained in chapter 4 and stored in
arrays and file (for i_nsbection later on) in the PC. This data is used in time-
critical segments of program, where because of time constrai‘n_ts, it would not be

~possible to calculate these data.

In the time-critical segments of program, the PC, init’i_allir increases the
excitation count in steps of 10 stérting from initial value taken a‘s_. ‘1:0, to reach the
vibrations upto the set point. Then onWards, the acceleration qb"i:mtr is inputted
from the ADC - and calculates the error that is presenf ._flfom the .désired set point
value. Then after applying control action, new excitat;i;on'is found by adding the
previous count to the control action count and is outi)gtfed to_the DAC.

- As the signal from the DAC can not be directly used as excitation signal .to the
vibration table because ;if its low volt;age and current,-éo it necgs amplification
. An é.c. power amplifier is employed for this pufpose. The am'p‘lified signal is
given to the vibrator whose peak to peak displacement and acceleration of

vibrations are required to be controlled.

~For the measurement of the acceleration and displacement accelerometer
is employed. The set p;)int count for constant accele-rat‘ion mode is calculated
corresponding to 2.2 g peak. The set point count. corresponding to constant
displacement mode is calculated from the set point count for constant accelaration
mode by multipling it by the squares of the ratio of frequency to the crossover
frequency. The determination of setpoint values are discussed in detail in section

- 4.6.

17



A célibrated_ accelerometer is mounted on the vibration table. With the change
in acceleration the output voltagé of the accelerometer Chénges. The voltage output
' of accelerometer being very small has to be amplifie;d. For amplification, strain
amplifier is used. Strain amplifier measures the differencé between the voltages
existing at the two input terminals, amplifies it by a préc»isely set gain and causes
the output to apperar between a pair of terminals in the output circuit. The output

of the amplifier goes to the peak detector and the signal then goes to one of the

channels of the ADC.

18



CHAPTER -3 .
SYSTEM HAR l")"_‘\-?-VAR» E -

Vibration Test system for testing of the Eﬁergy Meters was de‘veloped. Réfei‘ri_ng to-
the system ‘schematic shown in flg 27, t'ﬁev vibrator is used for producing the vibrations,
AW‘fﬂliCh require excitation. Thé controlled excitation is giQeri By PerSdnal 'comp'uter. (PC)
through DAC and:amplifier. For measuring the amplitude of vibrations, accelerometer

and strain amplifier are used.

The measured acceleration signal is given to the data acquisition system consisted
of ADC and Personal Co'mputerl for control purposes. Heri(:‘e, the system hardware designed

for the vibration test system includes the follbwingi '

1 | Accelerometer and Signal Processing.
2. Vibration System.

3. Data Acquisition System and Controller.

3.1 ACCELEROMETER AND SIGNAL l'éROCESSING

The accelerometer used is of stréin gag'é_-'»type. With‘-th‘e change in acceleration, the-
" resistance of the strain gauge inside the tahcc'eleromet“e,f éhanges and hence the output
;VOlfage of the accelecometer chénges. Thé dgétails _about accelerometer-are given in -

Appendix A.

The output of accelerometer is given'i(_.)’ strain amplifier which is used as a signal

processing device. The gain of the arﬁplifier is set at 5000. The signal after strain amplifier

19



is given to peak detector, used for detectihg the peak value of acceleration. The peak

signal is given to the controller ;hroug‘h.: ADC;

3.2 VIBRATION SYSTEM .

~ The 51gnal outputted by Controller through DAC is dlscrete in nature. So, ll
has to be passed through a low pass. filter before power amplification to convert
it into uniform wave. The power ampl1f1er has an inbuilt low pass filter. The power
amplifier can give'a maximum current of 25A (rms) and a maximum voltage of

25V (rms). Its operating frequency range is 10-1000Hz.

The product to be tested for vibration test is mounted on ‘the vrbratron table
and it is the excitation of this table which has to be controlled by whlch the peak
_ to peak displacement and acceleratron of its vibrations can be held constant in
lower and higher frequency- ranges. The vibration table consists of a vibration

generator which converts the electrical signal into the mechanical vibrations.

3.3 DATA ACQUISITION SYSTEM AND CONTROLLER

" The Personal Corrlput_er (PC) and thedata acquisition card PCL-208 are used for this
purpose.The PC used is AT.»38_6' .havi'ng‘ a clock frequency of 33 MHz. It has a
processor type 80386. It hae 2 MB'-'__RAM. It has got 8 input/orltput (1/0) slots,
into one of which the data acquisition card is fitted. The PC was also used as

software control action generator.

The card used is Dynalog Micro-system PCL-208 high performance data

acquisition card. It has switch selectable 16 single-ended or 8 differential analog

- 20 -



ihput éhqnnels. Out of these only ohe-single ended channel in bipolar mode is
"’.u's'ed for_féedbackin'g of Aaccel’erati'o}n ‘information in this work. It has a 12-bit
.t's’uccessiv'é approximation converter (ADC 674). The card has a switch selectable

~ . versatile analog input range in bipolar and unipolar modes.

Tt provides three A/D trigger modes
Softwar(; trigger-
a Programméble paéer trigger

External trigger puise trigger )

In this work programmable pacer trigger mode is used for generating the desired . .

frequency excitation signal.

- An INTEL 8254 programmable Timer/counter provides pacer output (trigger ..
pulse) at the rate of 2.5 MHz to 71 "r-nin‘utes/pulse to the A/D. The timer time
base is switch selectable 10 MHz or 1 MHz. In this.work timer time base of 1

. 'MHz is used.

The card has two 12-bit monolithic multiplying D/A output channels. Both E
: ‘,the D/A Qutputs are put to use in this work because of time critical limitations.
?.D,/'A qh_aﬁnel 0 is used as the master unit giving its output to the reference input
t'e:rminalf‘b’f the D/A channel 1. So, by adjusting the output of channel 0, the
' amblitude of whole cycle data sample values which éré to be outputted through

g the D/A channel 1 can be controlled.
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The hardware settings of the card are as follows:

Base address selection - 0300 H -
Channel Configuration - 16 chanﬁel ~
Unipolar/Bipolar selection 3 Bipolar
Input range selection -5V
Timer clock selection -1 MHz
~'External voltage selection - D/A channel 0 to Internal reference (-5V).

- D/A channel 1 to éxtemal reference
(connected to channel 0 output)..

The details of Data Acquisition Card are given in Appendix-B.
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 CHAPTER 4

| SYSTEM SOFTWARE
..'_.4 1 INTRODUCTION - o
R In thrs work the excrtatron to the vrbratron table is controlled fo get desrred values of » :
. peak to peak dlsplacement and acceleratron The control is done through software 4
techniques. - The transducer used is accelerometer for measurmgthe acceleratron Both
" open loop and closed loop controls are de51gned In this work 32 samples are transmltted
every cycle and the frequency is changed in steps of 0. SHz le 2Hz & S5Hz

ant-rlogarrthmrcally with time.

The programmmg language used is C language for non-time critical segments and o
assembly languagexfor time crrtrcal segments of the programme ‘The software compher _

used is C**
4.2 FREQUENCY & INTEGER NUMBER OF CYCLES CALCULATION:~
The signal frequency should change at a sweep rate of 1 octave per mlnute i.e.

: frequency doubles every mlnute SO the equatlon at the t1me of rise of frequency from 10

~ Hzto 150 Hz can be takenas
| f=10[2]T=10[2]_'/§°. : " | ) G
_‘_where fisinHz, T in minutes, tain seconds.
The freq. is increased in steps of 0.5 Hz, 1 Hz, =, 2 Hz & 5 Hz and the starting _‘

time ts, finish time tf & the integer no of cycles are calculated as below:

Letf 0= fl'- 10 Hz.
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Repeat : freqli] = f1
- If (f1<25) f2 = f1 + 0.5
If (25 < fl< 40) £2 = f141.
_Iﬁ(40 Sf1<100) “f2 =fi+2 )
£(100< f1<150) £2=f145
ts= 60 x log (fZ/fO)/log(é) |
. ’”__-ir;1_1l-cy[i]=(ts-;t0) x f1
e “t_'f:im-cy[i]/fl "

10 = 10+ -
£l =2
] i=i+l

L If (1s < t150)

Go to Repeat
Frg,fri 150 Hz to 10 Hz the same data of 10 to 150 Hz comes but in reverse order.

4.3 CAL__CULATION OF PACER TRIGGER TIME COUNT
The A/D pacer trigger rate is set by specifying the divisor of coﬁnter 1 and counter 2.

The pacer trigger rate is calculated as:

Pacer Rate = Input clock rate/(c2 x c1) ' (4.2)
where c2 = countef 2 divisor
c1 = counter 1 divisor

The values chosen in this work are

" input clock rate = 1 MHz---+------ (Selected by the slide switch SW1)
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¢2 = 1000,000/{Freq(i) x 32x 4} = time coimt [i] (4.4)
" Therefore | » ' : R
Pacer Rate = 1000,000 X freq [i] x 32 x 47 (4x'1000,000) "

- = freqli] x 32 . - - o (4.5)

4.4 SAMPLEDATA CALCULATION
In this work 32 samples are transmitted in a cycle to output the sine wave. The
" samples are outputed .thr'ough a 12-bit DAC. The value of aﬁyl éamblé is ~fou-nd._i,from'the

fblibwihé ’fcﬂir'muzla:assiimih‘é ampiitude' of wave to be unity
La=sn@xxxiB) T (46

As the maximum value that lzjbits can have is 4095 and lowest value is 0, so the

value, ir}"terms of cdunf, of the sampies is found by
cy-datfi] = a x 2048 + 2048 . @n

If the silﬁple count value Cy—dat[i] Cdf'riﬁts*}gféaftér 'tha@ri \4095,- then the samf)le count

value Cy-dat[i] is reloaded by 4095. -

4.5 CALCULATION OF EXCITATION °
The system‘response is ‘obtained in terms of the transférifur'lcti(-)h by studying the
input-output characteristics with different mass'and_-ffequéncyrcémbinations. The excitation

Exi[0] for 10 Hz obtained by incfeasing' the excifatif)h toa pdiﬁt where the displacement is
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equal to the sé-t point. For other frequenéies the excitation count is calculated as below. .
Exili] =Exi[0]'ngg¢[i]]/[E%é'[0] | | N : (4.8)
Where | B ﬂ .' _' ) _
Exc [i] = Output Acc. [(0.00036m)+0.00018) freqi}+0.06]  (4.9)

~ The count thus obtaine_:d in Exi[i] is ou_tpuited at D/A channel#0. The term Exclil/Exc[0] is

termed as gain[i]. For closed loop PIb control the gain[i]=Exclil/Excli-1].

- 4.6 CALCULATION OF SET POINTS
Accelerometer is used as transducer for measuring the acbeleratjon and disp]acemeﬁt.
Accelerometer is used with strain amplifier and peak detector. The calibration of

accelerometer is done first as given below.
Reading corréspondin_g to +1g = 1.30V
Reading corresponding to - 1g = -1.38V
~. 2g corresponds to 2.68 Volts:. |

.+ 2.2g peak corresponds to 2.948 Volts

Now as the 12-bit A/D ‘con{'f‘e'rterf'is} c}or'lfigured in the range £5V. So 5 Volts

corresponds to a count of 2048.

. Hence, the set poinf count -COr.r'ésponding to 2.948 Volts comes out to be

Set point count = 2.948 x 2048/ 5.0 = 1200. (Approx.)

The set point 1200 is for convsta‘n_tf acceleration range, i.e. if frequency is greater
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than or equal to 16.7 Hz then the set point is 1200. But in constant displacement
range, i.e. when the freq. is less than 16.7 Hz, the set point is given by

set point = 600 x fréq [ i] x freq [i]l/(16.7 x 16.7)

4.7 FLOW CHART
The floW chart of the software developed for the open loop conirol a‘ﬁd the closed
loop adaptive PID control are given in fig 4.1 and fig 4.2. The flow charts are self

explainatory.
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7

Initializé/declare - )
"Various Variables and arrays
Exi[0]=10,i=0

“Calculate Cy_dat [il, freq [i] -
int_cy [i], tim_count [il
- set_ptli], E)_(c; [il

Y

‘Intialize various registers & memory

‘to be used in assembly language

|

Set Pacer trigger frequency
Counter 2 «tim_count [0]
. Counter 1 ¢4

_ Ouf but' -
Exi li] to Master DAC -

Y

Si <0, counte-0

JIncrement-
Pointer Si to
point to next
Cy_dat

a

‘ Qutput
[Cy-dat+Si] to slave
DAC from array

A

‘lnp‘ut Acc. to aca
through ADC # 0

Exi [i] = Exi [i] +10

-No

: ,Pbintgr
S

Reset
cy-dat

Increment count by one |

count = 20

A

< set_pt
Comp. Acc. aca=<seLp
to Set_pt,
aca = set_pt
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Sie0
di<0

|y
>

Y

creg «f[int_cy +di] -

dreg «[tim_ count + di]

Y

Set pacer trigger frequency -
couniér 2 <—dreg
counter 1 <-4

>

>y

Increment
Pointer Si.
to point to
next.Cy_dat

Output
[Cy_dat + si] to slave DAC
from array

A 4

Input Acc. to aca
through ADC # 0

Si <0

\

Decrement creg

No

- . Increment pointer

di & i to point to.next
element of frequency
array

Check for>

r

Exi [i] = Exi [0] x Exc [il/Exc [0]

| Output Exi [i] to master. DAC | .

Fig. 4.1 Open Loop Control
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(( Start )

Y

" Initialize/declare
“various variables
and arrays
Exi[0]=10,i=0

Calculate

cy_dat [il, freq [i], ifreq [i] | "

int_cy [il, tim_count [i]
Set_pt [il, Exc [i] -

1

Intialize- Various )
registers & memory to be used -
in assembly Language

l

- Set Pacer rigger
-Frequency.
Counter 2¢—tim_count [0]
Counter 1< 4

-

Y

~ Output
Exi [i] to mater DAC

‘Increment
Pointer Si
to Point
to next
cy_dat

i

Output
[cy_dat + Si] to slave
" DAC from Array

1

. Input Acc. to aca
through ADC # 0

Exi [il = Exi [i] + 10

aca < set_pt_

[




¢ -
[ Si«0,di<0]

ﬂ

creg «int_cy + dil o
© dreg «[tim_count +di]. . - -
stpta «[set_pt + di] , ddreg «[ifreq +.di] |

" Set pacer trigger frequency . - .
counter 2 «—dreg , counter 1 <4

T

.

Output [cy_dat + Si] to
~ slave DAC from array

Increment
Pointer Si — -

to point to Input Acc. to aca through ADC#0°
next cy_dat -

1

Calculate Error

Y

Si <0

y

Implement PID control and
calculate Exi {i]

P

Output Exi [i] to Master DAC ..

Y

Decrement creg

No_

“Exi {i] = Exi [i-1] x.Exc [i)/ Exc [i-1]

y

: Y
s * - Increment pointer
] LOutpm Exi [i] to master DAC l di&ito poixﬁ to next

element of frequency array

A

Fig. 4.2 : Closed Loop Control




CHAPTER 5
RESULTS AND CONCLUSION

The software wae developed in various modules. The calibrationl of the ac_celeremeter
~ and the strain amplifier was dene to get th‘e output in the desired range. The input-
output response of the vibration table system was obtalned for dlfferent pay load setting
viz lKg, 2.4 Kg and 4 Kg and frequency range 20 Hz to 150 Hz. The gain t-saﬁsfef
' funetion of the’ s,ys;em -calculated at various values of mass and frequency are given
in Table 2.1. The Gam Transfer Function (G) of the system was determined as discussed
in sectien'2.2 -aud:.it came ou‘t: to be. | |

__ Output dcceleration - -

Input excitation” -

."’-' 1
(0 00036m + 0. 00018)f + 0.06

Where m = Mass of payload in Kg o
f= Frequency in- Hz. |

It is further used for calculating the input excitation for desired output.

5.1 RESULTS

The Open Loop Control of fhe -excitation has been implemented through the
above Transfer Function in the constah; aceleration range of freuuency. The graphs
for Open Loop ,c0n§rol are shown in fig 5.1, 5.2 anci 5.3 for mélKg, m=2.4 Kg and
m=4 Kg respectively. ‘The graphs are plotted with a freduency sWeep rate ef 1 .octave/_
min in ter@s of output count bys frequency. The number of cycles for every frequency
' are very high. The number of cycles even reaches to many hundreds and recording |

all the cycles would require a large memory space. In this work for each frequency,
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" one value "()t_'cutnut corresporaid\in‘g‘;?fc AZOth':' é—'ycle is recorded and is plolited in ‘graph
A The Open Loop Control are satrsfactory but the devratlon from the'set pomt is much
»hlgher So the closed loop PID control was also implemented for both the constant
dlsplacement and constant acceleratlon ranges of the frequency ‘The graphs for closed
loop PID control are shown in f1g 5.4, 5 5 and 5.6 for m=1Kg, m-2 4Kg and m—4Kg |
respectlvely The PID controller gams K., K; and K, are optimized experlmentally
. The results for- three combinations of PID gains (K 1 K, 3 K =10), (K =1, K;=3,
. —5) and (K =1,K= 5,K =4) are obtained and given in graphs for each value of mass(m)
The value of gains Kp, K, and K as given above are 1mp1emented in the PID controller -

software with a gain value equal to 1/(2)'_‘*’,1‘/(2)Ki and 1/(2)X¢ respectively.

The results-are good in the constant displacement range and are quite satisfactory
for initial frequencies in constant acceleration range. The output acceleration count

““was close to the set point-count except the frequencies where -resonance occured.

5.2 CONCLUSION

The PID controller gains- K =1, K 5 and K =4 are giving good results. The

~ resutls are good in the constant dlsplacement range of frequency In the constant

acceleratlon range of frequency also the results are good but in this range as the
resonance frequency of the system comes, S0-the amplrtude of vibrations deviates

from the setpoint by large amounts '

The modelling of the sys:tem has been done by taking first order system and

studying the system input-outpot response in the range of mass variation from 1kg
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. to 5kg and frequency variation from 10Hz to 150Hz. For future work, the modelling

of the system can be done more precisely,-may be by taking second order system.




PPENDIX-A
ACCELEROMETER TEST DATA

Type AR-55F

Capacity 5% g
Rated Output Strain B - 1186 x 106
Calibration Coefficient 0.00436g/uV
Frequency response range _ - 0 -1210 Hz

- Non-Linearity -‘ | ' 1% RO
Input Resistance - 122.8 @
Output Resistance ‘ ‘ 122.4¢
Safe overload Rating | ' 300 % R.O.
Safe temperature range | 0 to '4;50°C‘
Safe Excitation - 5V

Note: If measured by strain meter

Acceleration = Calibration Coefficient x Readout Strain.
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, APPENDIX - B :
Data Acqulsmon Cards PCL 208

-Product Specliicatlons

] Analog lnput (AID Convener)

~ Channels

Hesolution
Input-Range

Overvoltage

' .Conversion Type

Conversion Speed

Accuracy
Linearity

~ Trigger Mode

Data Transfer o

. ;"”16 Single-ended or 8 Dlﬂerentlal '
- switch selectable :

. 12.bits.

Unipolar: +10V, + 5V, +2V +1 V

- Bipolar: 10V, #-5V, #-25V, 41V,

+-05V.
All input ranges are swilch selectable.

Continuous +- 30 V Max.

‘Successive Approximation..

60 KHz max. (PCL-208 Standard)
100 KHz max. (PCL-208 A},

© 0.01 % of reading +/- 1 bit, -

+-1blt.

Software trigger, on board programmable

- timer or.extemnal trigger (TTL compatibie,
“load 0.4 mA ‘max. at0.5 V (low) or 0.05
* mA max. at 2.7 V (high)).

Program bonlrdl I_,ntémipt. control or DMA.

Analog Output (DIA Convener)

Channels

Resolution

Output Range

" Reference Voltage

2 channels

12 bits.

010 + 5 V with fixed - 5 V reference.

+/- 10 V with external DC or AC reference.

Intemal : - § V (+- 0.05 V).
External : DC or AC, +/- 10 V max.
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Conversion Type SRR T bit monolithic multiply'ihg (DAC 7541)‘. o

Linearty ~  : . +-1/2bit
Output Drive : +- 5 MA max.
Selttling Time o : 5 microseconds. _‘ \
Digital Input _
Channel = 16 bfts.
Level = . : . TTL compatible.
" Input Voltage - Y Lbﬁ - 0.8.V max.
‘ - . High - 2.0 V min.
- Input load :  Low-0.4mA max ato.5Vv.
High - 0.05 mA max. at 2.7 V.
Dlglt‘al output |
' lea;nnel : ,. - 16 bits.
Level o | TTL compatible.
Output Voltage‘ : Low - Sink 8 mA at 0.5 V max.

High - Source -0.4 mA at 2.4 V min.
- Programmable Timer/ Counter
Device :  INTEL 8254.

Counters . 3channels, 16 bit. 2 channels permanently
- < connected to 1 MHz/10 MHz clock as p_rbg'
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lnpﬁl Gale
‘Time Base _ "

* Pacer Output

Interrupt Channel -

Level _-
Enabie
- DMA Channel -
Level
_ -;-E_Tnable
: Genehl

“ Power Consumption

:_‘_ 110 Connector

IO Base Address

rammable pacer, 1 channel free for user
apphcahon

TTL DTL/ GMOS compatible.

10 MHz or 1 MHz, swilch selectable.

~ 71 minutes/ pulse to 2.5 MHz.

- IRQ2 _10_7,- soﬂwére seleClabIe.n

Via INTE of CONTROL register.

1o0r3, sWitch selectable. |

Via DMAE of CONTROL register.

+5 V- :typ. 700 mA, max. 1 A.
+ 12V :1yp. 140 mA, max. 200 mA.
-12V ttyp. 14 mA. max. 20 mA.

20 pin ﬂat cable connector for all Analog/
Digital I/0 ports.

Requires 16 conseéulivé address locations.

“Base address is definable. by the DIP

switches for address lines A9-A4.
(Factory setting is &H300).
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