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ADAPTIVE CONTROL /STIFFNESS ADJUSTMENT/VIBRATION ABSORBER/

DUAL CANTILEVER MASS ABSORBER

A method for vibration control is using vibration absorber. The amplitude of
vibration is decreased by install the vibration absorber to the primary system.
Normally, stiffness of the absorber is adjusted equal to the harmonics frequency of
exciting force. However, the nature of harmonics force usually has multi amplitude
and frequency. As a result, optimum adjustment for the stiffness of the absorber has
limited to control the vibration of the system. This study aimed to demonstrate a
method for optimize stiffness of dual cantilever mass absorber. Also, this absorber
was the highest efficiency in reduced vibration of a beam by adapting for using tuned
absorption frequency and adaptive control.

From the results and comparative analysis of control algorithm which used
adjusted the stiffness of the absorber found that the tuned absorption frequency
algorithm could well absorb if the harmonics force was a single frequency although
this harmonics forces were varied. In the other hand, the adaptive control algorithm
could adjust the optimum stiffness of the absorber to well reduce the vibration both in
the cases of the single and multi exciting force. Therefore, the adaptive control

algorithm was the one high efficiency method for the adjusted stiffness of the dual



cantilever mass absorber. This algorithm could adapt for optimize stiffness of the

other vibration absorber.
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! { o
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1| 28 (0] @,)
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\/(1— r2)2 +(267)?

X(t)=F,

sin ce)tthan’1£ (2.31)
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) (2.32)

Y v
ATy szuvIzltenagamsduminy

X =F, 'f (2.33)
\/(1— r?) + (27
dioflem¥msviaeda (Static Deflection, 5, ) fif
F
O, = ?0 (2.34)
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V0I5V A
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X _ 1
S JL-(r)’T +(2¢r)
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ANMIMIAAOUNVOIWIAHANLAZNIAFUMITY AITUNITN 2.40 1A 2.41 MR
MX + bXx + kx + k, (X — X, ) = F, sin o t (2.40)

m, X, +K, (X, —x)=0 (2.41)

dweouldoglusdanmsaniug (State Equation)

.1 | 0 1 0 O] 0 |

% k+ks bk ! 1

%, | |~ MM X, | |

=l M MM T MR sinat (242)
X X

s K, 0 ke oIl 2] |0

X4 m _m X4 0
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o o a J @ @ v W
ﬂ'lfJGlﬁgljll,ifiﬂﬁgﬂHL‘UU?ﬂijlluﬂﬁ YDINIANANUAZUIAFUNITTUAITUNT (2.44) g (2.45)

ANAAL
X (ka — maa)z)2
A g ~ (249
Fo [k =Ma? )k, -m,0?)-mk.0® - 0™ +[ablk, -m,0)
X _ ka” ~ (249

Fo [k -Mo? )k, —m,0?)-m.k,o® - o™?] +[oblk, —m,o°)

v
o

wiowenliedlugililendunieTouladeaunsi 2.46) dmsuuiandnuay (2.47) dmsy

Wadumsa
2
X(s) _ m,s® +k, : (2.46)
F(s) (Ms?+bs+k+k, Jm,s? +k, )-k,
X(s) k (2.47)

F(s) (Ms?+bs+k+ k:Xmasz +k, )-k,?

o 9 ] =) k ka a)f
MrUa INAUNUIURITEUVNATRININ LA w, = M , W, =, |—, [ =— taz
m o,

(o a ¢
I, =—NAUNT (2.44) 11T (2.45) WVIUTUNTHANITADUNUDIVDITEUY °lugﬂu‘v1ﬂmai
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k

X, X,k 1
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(2.48)

(2.49)

= o [ 4 1 J Xk 7
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Magnification Factor (Xk / F)

o 05

Frequency Ratio (O ,/® )

9
%
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G(s) = X() (3.23)
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Calculate Measure
Frequency Displacement Phase Displacement Phase
(mm) (Degree) (mm) (Degree)
10.00 0.0162 -0.34 0.021 -
11.00 0.0206 -0.39 0.026 -
12.00 0.0259 -0.45 0.023 -
13.00 0.0326 -0.52 0.034 -
14.00 0.0408 -0.61 0.042 -
15.00 0.0513 -0.72 0.051 -
16.00 0.0651 -0.85 0.064 -
17.00 0.0835 -1.03 0.082 0
18.00 0.1096 -1.27 0.111 -5
19.00 0.1490 -1.64 0.149 -5
20.00 0.2150 -2.25 0.218 -8
21.00 0.3471 -3.46 0.336 -8
22.00 0.7406 -7.05 0.746 -10
22.50 1.4977 -14.05 1.432 -15
22.75 2.8045 -26.71 2.711 -30
23.00 6.3074 -90.00 6.272 -90
23.25 2.8910 -153.04 2.907 -150
23.50 1.5966 -165.66 1.600 -163
24.00 0.8433 -172.64 0.833 -170
25.00 0.4507 -176.23 0.451 -170
26.00 0.3187 -177.44 0.312 -173
27.00 0.2527 -178.04 0.252 -173
28.00 0.2132 -178.41 0.206 -173
29.00 0.1870 -178.65 0.183 -173
30.00 0.1683 -178.83 0.168 -175
31.00 0.1543 -178.96 0.154 -175
32.00 0.1435 -179.06 0.141 -175
33.00 0.1349 -179.15 0.133 -178
34.00 0.1279 -179.21 0.126 -178
35.00 0.1221 -179.27 0.122 -178
36.00 0.1172 -179.32 0.115 -178
37.00 0.1131 -179.36 0.111 -178
38.00 0.1095 -179.40 0.108 -178
39.00 0.1064 -179.43 0.106 -178
40.00 0.1036 -179.46 0.102 -178
910915199 3.1 Mmsugasnwamsiseuneuaendarauazilavesnunanfn?

U

o A o g @ { o w 1 Ao s w J
Auilanmsduiunsvlldaegdi 3.10 wag 3.11 awday TagandnnunnilsnsunisTouss
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ueraaiudunsaeiiowazanldnmsinzuaauiuga
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— Calculate
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nldnanuanualusiaden 3.5.2 1dTunn13aaa13199 3.2

A = a d @ ) A Y ad
137190 3.2 ﬂ’ﬂ1]i]‘ﬁiiiJ"lﬂﬁl"llE]\‘1Q‘]Jﬂim‘;]f‘]JfﬂiﬁuLL‘]J‘]JLWﬁ'IiJ’JﬁﬂTIVlﬂﬁﬂﬂ’JﬁG]N“]

/ Dunkerlay Reyleigh Finite Element Measurment

(m) (Hz) (Hz) (Hz) (Hz)
0.050 42.20 54.51 51.41 36
0.055 37.89 47.98 45.50 35
0.060 34.27 42.66 40.64 33
0.065 31.19 38.25 36.58 31
0.070 28.55 34.55 33.16 30
0.075 26.26 31.41 30.23 29
0.080 24.26 28.71 27.71 26
0.085 22.50 26.38 25.53 25
0.090 20.95 24.35 23.61 23
0.095 19.56 22.56 21.92 22
0.100 18.32 20.99 20.43 21
0.105 17.21 19.58 19.09 20
0.110 16.21 18.33 17.90 19
0.115 15.29 17.20 16.82 19
0.120 14.47 16.19 15.85 18
0.125 13.71 15.27 14.97 18
0.130 13.02 14.43 14.16 17
0.135 12.38 13.67 13.43 17
0.140 11.80 12.97 12.76 15
0.145 11.25 12.33 12.14 14
0.150 10.75 11.74 11.57 13
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/ Measured Stiffness
(mm) Frequency (Hz) (N/m)
0.050 36 26484.55
0.055 35 25033.62
0.060 33 22254.38
0.065 31 19638.62
0.070 30 18392.05
0.075 29 17186.35
0.080 26 13814.47
0.085 25 12772.26
0.090 23 10810.44
0.095 22 9890.83
0.100 21 9012.10
0.105 20 8174.24
0.110 19 7377.25
0.115 19 7377.25
0.120 18 6621.14
0.125 18 6621.14
0.130 17 5905.89
0.135 17 5905.89
0.140 15 4598.01
0.145 14 4005.38
0.150 13 3453.62
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11 2.98 1.74 0.15
12 2.97 1.01 0.14
13 2.93 3.46 0.17
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15 3.05 1.23 0.28
16 3.07 1.31 0.19
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26 3.11 1.96 0.52
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28 4.22 1.10 0.38
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30 3.12 0.85 0.31
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% These Program is used to Design an Undamped Vibration Absorber

% Program with Chermthong Prattanarak

% October 2004

sk sk st sk sk ske s sk ske sk s sk ske sk s sk sk ske s sk sk sk s sk sk sk sk sk sk sk sk sk sk sk sk sk sk skeoskosk sk sk skeosk sk skeoskeosk sk skeoskeosti sk sk sk sk skeoskeostk sk skeoskotko sk skeoskolkokoskeokok sk skosk
cle

clear all

dﬁpc********************************************************************0

disp(' Design An Undamped Vibration Absorber "
disp(' )

disp(' Please given the Parameter of the primary system "
disp("  the vibration absorber will be designed to absorp vibration )
disp(’ at that frequency with you want "

disp(' ")

disp("  The absorber will be designed with these conditions now ')
disp('  Please selected once condition that you want to specified ")

disp(" ---> 1. Maximum amplitude of absorber mass at steady-state ')
disp(' ---> 2. The mass of the absorber "
dmpc 0

disp(’ After you select Once The absorber has been designed "

dmpc********************************************************************0

disp(' ")
%
cl=input(' Now please enter Once of Condition : ');
while c1 ~=1 & c1~=2
disp(’ Invalid input!!")
cl=input(’ Please enter either 1 or2 :');
end
disp(’ )
disp(" ")
%

mIl=input('Please enter Primary Mass in "kg" ');
while m1 <=0
disp('Invalid input!!, Primary Mass must be only "positive!" ')
ml=input('Please reenter Primary Mass in "kg" ');
end
%
k1=input('Please enter Primary stiffness in "N/m" ');
while k1<=0
disp('Invalid input!!, Primary stiffness must be only "positive!" ')

k1=input('Please reenter Primary stiffness in "N/m" ');
end
%
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wn=sqrt(k1/m1);

disp(" )

disp('Natural frequency of primary system in -- rad/s --'),disp(wn)
%
wa=input('Please enter frequency that you want to eliminated in "rad/s" ');

while wa <=0
disp('Invalid inout!!, frequency must be only "positive!" ')
wa=input('Please reenter exictation frequency in "rad/s" ");
end
%
FO=input('Please enter excitation ampliude at this frequency in "N" ');
while FO<=0
disp('Invalid input!!, excitation amplitude must be only "positive!" ')

FO=input('Please reenter excitation amplitude in "N" ");
end
%
%
ifcl==

X2=input('Please enter Maximum amplitude of absorber in "m" ');

while X2<=0

disp('Invalid input!!, absorber amplitude must be only "positive!" ')

X2=input('Please reenter absorber amplitude in "m" ');
end
k2=F0/X2;
m2=k2/wa”"2;
mu=m2/ml;
else
m2=input('Please enter Absorber mass in "kg" ');
while m2<=0
disp('Invalid input!!, mass must be only "positive!" ')
m2=input('Please reenter Absorber mass in "kg" ');
end
k2=m2*wa’2;
X2=F0/k2;
mu=m2/ml;
end
%
disp(" ")

disp('********************************************************************’)

disp(’ Absorber has been designed "
diSp(' v)
disp(" Absorber stiffness in -- N/m --')

disp(k2)

disp(" Absorber mass in -- kg --')
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disp(m2)
disp(" Mass ratio')
disp(mu)
disp(" Steady-state amplitude of absorber at excitation Frequency in -- m --'
disp(X2)
q=wa/wn;
bl=sqrt(q"4*(1+mu)"2+2*(mu-1)*q"2+1);
omegl=wn/sqrt(2)*sqrt(1+q*2*(1+mu)-b1);
omeg2=wn/sqrt(2)*sqrt(1+q 2*(1+mu)+b1l);
disp(" Low resonance frequency of system with absorber in -- rad/s -- ')
disp(omeg1)
disp(" High resonance frequency of system with absorber in -- rad/s -- ')
disp(omeg?)
disp('********************************************************************’)
disp(' ')
%
%
w=linspace(0,2.5*wa,1001);
for i=1:1001
rl=w(i)/wn;

r2=w(i)/wa;
X(@{1)=F0/(m1*wn"2*abs(1-r1"2));
X1(1)=abs(F0/k1*(1-12/°2)/(xr1"2*r2"2-12"2-(1+mu)*r1"2+1));
X2(1)=abs(FO/k1/(r1"2*r2/2-r2"2-(1+mu)*r1~2+1));
end
figure
plot(w,X1,"-..",w,X,"-")
axis([0 2.5*%wa 0 10*F0/k1])
xlabel('Excitation Frequency (rad/s))
ylabel('Steady-State Amplitude (m) ')
legend("With absorber','Without absorber’)
title('Steady-state Amplitude of primary system')
figure
plot(w,X2,"-")
axis([0 2.5*wa 0 10*F0/k1])
xlabel("Excitation Frequency (rad/s) ')
ylabel('Steady-State Amplitude (m)")
title('Steady-state Amplitude of Absorber')
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anaveg lutiaTaguesnuluudazseuveImsduninavu F8n11ANNHUINFITATIATS
(Structural Damping) FIMSTUMINAFOLVHIAINNNHHILIFITMIMZNATOU (Bump Test)
a £ I ~ 9 =1 Aa 3 o v o
Worsaszuulugy 0.1 seduszuunldlunsnadey sslimshadaadinitaiady o

1 Bid' du &R @ o A o 1R A o )
AULI (Accelerometer) "bmqﬂmm%msmmmmwmsﬁu‘mamﬂmamu INDIAVUIANTITTUY

u
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z 4‘ 1 ]
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a2 a o Yo A A v v Y 1w @ ' o 3
1. Waaingiie I ldnunTeiednoulaun dnsrviannus wezdrveredyain
2. Aaldsunsmiuiindoya LabVIEW
3. Mdneunamezasliuunu (sndonoeniiui)
Ay =
4. s0IUMUNgATIAAINMEA T THNTY

£ vy v =
G]NNﬂﬂlﬂ\iﬂTﬁ!ﬂW%‘ﬂﬂﬁ@Uqﬂ!Lﬁﬂ\iﬂ\izﬂ‘ﬂ 2.2
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Bump Test

Acceleration (m/s”2)
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A [ 1 Aa ] a =
E“JJ‘V] 9.3 ﬂJQJ]WiMﬂ’JW?JLiQ'V]Wftﬂiﬂ!'l(lu"lf’)\inﬁ'l 3-4 UM

=21 ¥

Wdaanai ldnamamenageuundniizimainnumue lassuIuNAINS
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Tagl &  fe Myaaauuuasn3nu (Logarithmic Decrement)
A a o'/ d‘ o a 4
X, Ao wewiagausnveamsduniming gy
A a A Ao a ¢
X Ap wewagAsoUN n MIMNIATIEH
e A9 BATITIUAIINHUNVOITLUY

Feanunsoweulvidlailu

1 X
= [In 2]
- n—ll X, . (12)
4 2 7' Myy2
J A 0]

A 2 g o 1 A A
110317 9.3 Fadumndyarannuwsvesniulumsaiznadeunnasulu
] a =1 a a‘; d' o a =} o ] d' z:! = LY
%391981 3-4 11N uoNageveINTFUNIINATITHABA MU T1ag 2 FalAuNIAY
15.330218 11az 14.810875 m/s? mudwu uazn = 2 MAauNIN 9.2 azmiuan ldan
@ 1 ] ll 1< 1w 1 ]
ATIEIUANUHUN ¢ =0.0055 9819 lsna e nsnlizinan1ns 1@ IunNunL19Ue

[

a J 9 d'
TATUANN ]‘lﬂﬁnﬂ@niﬁ‘ﬂ 2.1

M3 1N 2.1 A19AI1EIUAMINNUI (Damping Ratio) Tasllszanmvesidaatinnie

Material Approximate Damping Ratio
Steel Spring 0.005
Natural Rubber 0.05
Neoprene 0.05
Friction-Damped Springs 0.33
Metal Mesh 0.12
Air Damping 0.17
Felt and Cork 0.06

11 JK Baker “Vibration Isolation” Oxford University Press
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315 luilnd namInouaUeIveIsTIUNaIIULAIEIAE

X(t) = F|G(jw)[sin(et — ¢) .1
o [ o 1 . v o [}
dmsuilangunieTou (Transfer Function) Y9455 01U8UAY 2 9208 1u31)

2
G(s)= (.2)
$°+20w,s+w,

iedaliegluglvesduandedou dau939 (Real Part, Re) azaauduann (Imaginary Part,

o 1 [ 1 k)
Im) ﬂJ@deﬂ%umﬂﬂumﬂanmm’m‘ﬂﬂﬂmﬂ

KL (0 ,)’]

272 2 n.3)
1-(o/ @) T +[2{ (0] @,)]

Re(w) =

2KS (w! ,)

272 2 (R.4)
1-(o/ @) ] +[2{ (0] @,)]

Im(w) =-

] . § o w
vnaveailandudioTeun 180n |G(jo)| = \Re(@)? + Im(w)? diosmuald r =~
% 09/’
fatiu

G(j)| = K @6

JA-r3)? +(2¢r?)

HazlauoINaNIsAoUAUOIUDITL U ﬁ’ﬂ

¢=—tanl[ zgrj @.7)

1—r?
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JUU fnﬁﬁ’OUﬁu@ﬂﬂ]@\ﬁ$1J‘1Jﬁgﬂﬂi$°l/n§’a])’lﬂ!,!§\1 mﬁTuuﬂﬁ%ﬁuauﬂagﬂmﬁﬁummu

X =F, K .8)

\/(1— r2)2 +(2¢T1)?

Lﬁa K:i
k

{ a v Y J J [ a
ANMUDTIINFIAVITEUUTANNINY 144.513 rad/s Qe M, u 3.72 kg AR5

Y]

k) v o 2 3 1 < Aa R A [
ﬁWNTiﬂﬁ"lhlﬂi]"lﬂﬂfn‘JJﬁiJ‘WH‘ﬁ k:a)nmeﬁ AU NN T AN Y 77688 N/m

9 v
az F. =0.0002581w% ms1gasiuanaumsni (3.8) 2214 teulfnuoue1mnm Ao
0 Q q

_ (3.3222x107°%)@?

X =
J@-r2)? +(2¢r)?

m.9)

A20819MIAUIN
us9813 Tudindfinsesaeszuulinnud 22 Hz wied 138.23 rad/s
sasrdmanud r = 138.23/144.51
=0.9565
HAZEAIIFIUAMINKUIN TUA1 0.0055

Y
¥ o

JUU ﬂmmmiﬁumaﬁzuuﬁﬁmuzmﬁaﬁa
(3.3222x107%) x (138.23)°

X =
J(1—(0.9565)%)? + (2 x 0.0055x 0.9565)°
= 0.0007406 m
=0.741 mm #
Weaveaszuum'ldan
4 28r
=—tan™
)
_1(2>< 0.0055 x 0.9565j
= —tan .
1-0.9565

-—7.05° #
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4 [ o A A A 9) 3
91Un30in3199Q (Sensor) AN FUazineuntenldisluangaamvinisuuag
o o L4 @ 1 ° @ o
aomdny Iuilogiu Taenalivz 14ginsains297an21u159 (Accelerometer)  d1m5UN15 30
& & o ' < y
YPNAMIAUTLNOUTUANTAUTUADINITI (Acceleration) AI1MI5T (velocity) HITONTUTA
. 3 Y a A I Y
(Displacement) 1 ldawanurmzanlumsInsziinszidoya
av J a o < J
Tuau3veiiog 14 DAQ Card ¥09U3HN National Instrument  1iugilnssintlas

o [ o aa Y
ﬁﬂzjﬂjﬂmﬂzumﬂﬂiﬁjlﬂuﬁﬂgﬂjﬂmﬂﬁmi’)a (Analog to Digital Converter, ADC) A2UANU

Tdsunsy LabvIEW lumsiamsduaziion Taslumsauiiuauidess lgnsudansdu

. Aa J o 09/1 =< 9 o A v VoA Y Y
(Dlsplacement) Glums:lmﬁzﬁ ﬂQL!L!i]Qﬁi’N‘Vl”lmil‘lJaﬂumﬂ’ﬂmiﬂ‘ﬂ"lﬂi]”lﬂ accelerometer Gl‘Vi

]
v A

o @ o o [ @ 4 1
Wumsviavesmsdu nazdeaiimslSunnsgiu (Calibration) fuinTediiniangndsenou

U

) Adqy . A o
39117119 micrometer Tumslseuia

4.6

Micrometer

[ Y
1% .1 madadsluTasdmes lugai fiians

I { @ [ o a os/} v v
g1l v.1 Huszuudldianmsviamsduvesau Taedaaaniduid (Contact) 141
@ 4 o Y A d a Jd a o . A o o o a J <] A
AumMUBIEmmnNdunsninesaIny (Trigger) LiJﬂﬁNWﬁﬂ'i_llliJIﬂﬂJm@i Stroboscope NITH
a @ o o o [ a J ¥ v v v W
NIINISNIU Gluﬂ"li')ﬂfﬂﬁ"ll"l]ﬂfﬂﬁﬁuﬂ]@ﬂﬂ"lu"llg‘ﬂTﬂWﬁlli‘]J]lllIﬂiﬂlﬁﬂiﬂuﬁﬂﬂﬁﬂﬂﬁﬁTﬁNNﬁ

noA (Stroboscope ISUNTENSTU)
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[ o A Y a J A = o
AT N ¥.1 ‘lJ‘Lﬂﬂﬂﬁ‘llﬁ]ﬂﬂTi’dlm’muulﬂmﬂvliJIﬂﬁJm’i)ilﬂit’mmt’mﬂﬂjﬂiuﬂiﬂ LabVIEW

Frequency Displacement (mm) Frequency Displacement (mm)
(Hz) Micrometer LabVIEW (Hz) Micrometer LabVIEW
10 0.015 0.013 26 0.306 0.318
11 0.022 0.021 27 0.220 0.218
12 0.026 0.027 28 0.209 0.211
13 0.033 0.034 29 0.188 0.187
14 0.042 0.051 30 0.171 0.165
15 0.052 0.059 31 0.149 0.155
16 0.071 0.082 32 0.143 0.145
17 0.089 0.101 33 0.132 0.138
18 0.111 0.131 34 0.128 0.131
19 0.167 0.183 35 0.110 0.128
20 0.221 0.233 36 0.120 0.115
21 0.368 0.398 37 0.118 0.120
22 0.754 0.816 38 0.108 0.107
23 6.147 6.076 39 0.108 0.103
24 1.180 1.181 40 0.150 0.142
25 0.480 0.481
7 © Micrometer|
. @ © LabVIEW
- 5
g
E 4
=
[
g 3
51
=
2 2
a o
1 7N °
0@@@@@@@@@®9® "000000000000009
10 15 20 25 30 35 40
Frequency (Hz)

Ui .4 nsmlafSeuifieumsvianmsduain luTasiiwesuas Talsunsu LabVIEW
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518az198AYD3 Data Acquisition Card 34 PCI-MIO-16XE-10

Analog Input | |migrrupt

Voliage Calibration
REF DACS
h 4
Analog » gﬂx;x Mode SJF?‘I-pal:I'[!g a0 | Generic ”
| b » Bus | MIE
Muxes Switches AD > FIFQ ¢ | D
Converter Inferfagg — Merfac
T
s He—
- =
= T F e
- | .
Analog IRQ A
Trigger IW
Circuitry > — —y
DMA/ v
D

Address (5)

I/0 Connector

b, N
P/ Trigger A 9" | Timing/Control Renuest o Jeceaom| oma
| | z ; 5 | Contral [Interface
4 % | Counter s K
Timing N Timing 0| DAQ-STC | Interface Ml

Analog Outpul | RTS| <7 1 G

‘ nalog Output | RTS| Bus Bus
Digital U0 | Timing/Control | Interface Interface

Iy
Digital 170 (8) )

[

£

S [ o] p—

Specification

| 1
I
1 A
< | DACD* e T Data (16)
I T
I
< " pact I
[ —
, Y
I
1

s Calélggzon : RTSI Bus }

Y

19 a1.1 Block Diagram ¥94 PCI-MIO-16XE-10

Z
Range Gain Actual Input Eange Precision!
Configuration

fro+10V 10 Oto+10W 152.59 pWV
10 Oto+3W T6.29 uVv
507 Oto+2W 3052 pVv
100 Qto+1W 1526 pV'

200+ 0 to +500 mWV 7.63uV
3007 0 to +200 mWV 3.05 pV
1000 0 to 100 mW 1.53 pVv
-l0te+10W 10 =10 twe+10V 30518 pV
10 “St+5WV 152.59 pWV
507 2t +2 WV G104 v
100 ~lta+1W 3052 pVv
200+ =500 to =500 mV 1526 pW
3007 =200 to =200 mV 6.10 pV
1000 =100 to =100 mV 3.05 pV

ralue of 1 LSB of the 16-bit ADC; that i3, the voltage increment
corresponding to a change of ons count i the ADC 16-bit count
I Mot available on the PCIMID-163E-50
Note: See dppendix A, Specifications, for abselute maxinum
ranngs.

L

PCI/PXI/CPCI/ISA Bus
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PCI Bus

Analog Input

Input Characterislics

Mumber of channels ... 16 single-ended or 8 diffierential
{software-selectable per channel )

Type of ADC ... .. Buccessive approximation

Resolubion . 16 bits, Lin 65,536

Sampling rate .o, 200 kS8 guaranteed

Input signal ranges ..., Bipolar only

FIFD buffer size....oonnnnnnnn. 512 somples

Daata transfers .o DMAL interrupts,
programmed O

DMA modes ... .Scatter-gather

{Single transfer. demnand transfer)

Configuration memory size ... 512 words

Accuracy Information

Absaluis Accuracy Falai-ive Accuracy
Narsiml Waisa + Qumnibslisn A bchin
Hoige ai % ol Reding TRy} Temp Accurry ai Emclution ip¥i
Full fale Ot Drilt Full Seals
A% MHours | 1 Vear [N Single Pr. | Avermged | (8500 im¥ Singhs Foint | dreraged
10 OL0G4E 0,028 1801 033 £E24 L0 =11 1085 1.5
5 ool4s olas 811 &7 +41.2 00005 129 2 514
05 QLS4 kit 100 1562 504 0.010 03w (%] &edl
20,05 OL0G4E 0,028 £2E0 +282 275 L0 onsll 82 ERANY
Mole: Accumcies are vald for messuremenis kllowing m iniemal E Sevies colibrotlon. Avengsd jumbers assune dihedng md averging
ol 100 single-chananel rexings. Meastremenl ooonmcies one lsied Kor operalionl fempe miones within £ 1 °C of nkemal calibalion
emperature o £10 37 of exiemal of fockery calibmibn temperainre. The Absolrie Aocumcy of Full Scole colculbibons e ihe madmum
ronge inpul volimg: i for example. 10 'V on the £10 V mnge) ol one-yer oooumey, msumilg mengig.

Transfer Characteristics

Relative accuracy ...t 1.5 LEB typ. 230 LSB max

DML 2005 LEB typ, 210 LSB max
Mo missing codes. e 16 bits, guaranteed
Orfzet emor

Pregain emor after calibmtion.........+£1.0 p'V max

Pregain emor before calibration...... £28.8 mV max

Postgain error after calibration ... £157 pV max
Postgnin error before calibration..... 240 m% max

Gnin error (relative to colibration reference)
After calibration (gain = 1) ... 274 ppm of reading max
Before calibration ... £ 18,900 pprm of reading max
Gain # with gain erros
adjustad to O at gain = 1 ., 2200 ppm of reading max
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Analog Ouiput

Digital 1/0

Amplifier Characteristics
Input impedance
Mormial powered om o
Powered off. ..
Orverlond..o

Input bing current ...
Input offset comrant....onnnnn

CMER ([ to &0 Hz)
Gain 0.5, L0
Goin 100 100

Max update mie

gt of DAL e

FIFD buffer side. .o

Voltage Output
Bange ..o

Orutput coupling ..,
Ot put Ampadance .o

Promaction ...

Number of channals.. ...
Compatibility oo,

DID<D..7>

Digital logic levels

100 GLE in parallal with 100 pF
22042
2204

+200 pA
+100 pA

25 dB
o5 dB

.10 kHz system dependent

1 kHz. system dependant
Double buffered. multiplying

None

10

[
0.1 £3 ax
+5 mA max

Short-circuit o ground

8 inputfoutput

TTLACMOS

Level

Min Mlax

Input low voltage
Input high volage
Input low current (Vi =10 W)
Input high current (Vi, =35 V)

ov 0EW
A W
— =330 pA
— JLTEY

Chuiput low voltage (I, =24 ma)

Cutput high voltage (T = 13 ma)

— 04w
435W o

Power-on state. ...,

Drata bransfers. .o
Transfer rote (1 word = 8 bita) .o

Constant sustainable robe ...,

Input (high-impedance).
50 kL) pall up o +5 VDO

Programmed 'O

S0 kwords's typ

1 o 10 kewordsls typ
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1

=
N

Alg
Al 4

Al GMD
Al 10
Al 3

Al GHND
Al 4

Al GMD
Al 13
Al g

Al GHD
Al 15
A D
AT A

AD EXT REF
FO.4

O GMND

POA

POG

D GMD

+5 W

D GMD

D GMD

PFI (val START TRIG
FFI 1/al REF TRIG
D GMND

+a W

D GMND

PFI 5A0 2AMP CLK
PFl 6A0 START TRIG
O GMND

PFl WCTR O GATE
CTR OOUT

FREQ OUT

1.2 I/O Connector Pin Assignment for The PCI-MIO-16XE-10
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AlLD

Al GND

Al D

Al 2

Al GND

Al 11

Al SENSE

Al 12

Al B

Al GND

Al 14

AT

Al GND

AD GND

AQ GND

D GND

PO.0

PO.5

D GND

PO.2

PO.7

PD.2

Al HOLD COMP
EXT STROBE

D GND

PFI 2/Al CONV CLK
PFI Z/CTR 1 SRC
PFI 4/CTR 1 GATE
CTR1OUT

D GND

PFI 7/Al SAMP CLK
PFI &/CTR 0 SRC
D GND

D GND
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Specifications

Span E +25 E G
Sensitivity \ 80 . mV/G
Bandwidth E DC-100 E Hz
Noise : 50 : mg rms
Noise Density E 5000 E MG/ VHz
Zero g Output E 2.5+0.1 E Volts
Span Output | +2.0£0.1 | Volts
Nonlinearity E +0.2 E %FS
Alignment : +2 : degrees
Tansverse Sensitivity i +3.5 i %FS
Shock E 2000 E G
Output Loading : >10kQ,<0.1 nF :

Supply Voltage E 5+0.25 E Volts
Supply Current : 24 : mA
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Options

Part Number
Serial Number

Zero-G Voltage

Sensitivit/ G

Certificate of Conformance

Calibration date
| 10/31/2001
Calibration Data : Room Temperature
CXL25M3 PRECISION TECHNOLOGIES PTE LTD
211 HENDERSON ROAD
25736 #1302 HENDERSON INDUSTRIAL PARK
DC Coupled TEL 2734573 FAX « 3736608

X Axis Y Axis Z Axis

2.521 2.569 2.576

G

1 0.079 0.083 0.083

2 0.158 1.66 1.66

3 0.237 2.49 2.49

4 0.316 0.332 0.332

5 0.395 0.415 0.415

6 0.474 0.498 0.498

7 0.553 0.581 0.581

8 0.632 0.664 0.664

9 0.711 0.747 0.747

10 0.79 0.83 0.83

11 0.869 0.913 0.913

12 0.948 0.996 0.996

13 1.027 1.079 1.079

14 1.106 1.162 1.162

15 1.185 1.245 1.245

16 1.264 1.328 1.328

17 1.343 1.411 1.411

18 1.422 1.494 1.494

19 1.501 1:577 1.577

20 1.58 1.66 1.66

21 1.659 1.743 1.743

22 1.738 1.826 1.826

23 1.817 1.909 1.909

24 1.896 1.992 1.992

25 1.975 2.075 2.075
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Part Number
Serial Number
Options
Zero-G Voltage

Sensitivit/ G

Certificate of Conformance

Calibration date

| 10/31/2001

Crossbew

Calibration Data : Room Temperature

PRECISION TECHNOLOGIES PTE LT

e BBEER, ine
14187 B2 INGAPORE 156652
DC Coupled TEL 2734573 FAX : 273839
X Axis Y Axis Z Axis
2.536 2.539 2.505
G
1 0.081 0.079 0.08
2 0.162 0.158 0.16
3 0.243 0.237 0.24
4 0.324 0.316 0.32
5 0.405 0.395 0.4
6 0.486 0.474 0.48
7 0.567 0.553 0.56
8 0.648 0.632 0.64
9 0.729 0.711 0.72
10 0.81 0.79 0.8
11 0.891 0.869 0.88
12 0.972 0.948 0.96
13 1.053 1.027 1.04
14 1.134 1.106 1.12
15 1.215 1.185 1.2
16 1.296 1.264 1.28
17 1:377 1.343 1.36
18 1.458 1.422 1.44
19 1.539 1.501 1.52
20 1.62 1.58 1.6
21 1.701 1.659 1.68
22 1.782 1.738 1.76
23 1.863 1.817 1.84
24 1.944 1.896 1.92
25 2.025 1.975 2
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