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VOLUME ESTIMATION/ BLOOD DONATION/ SENSORLESS/ SHAKING

MACHINE

The automatic blood bag shaker machine is an extremely important device for
the blood donation unit. The blood will be blood clotting while it is flowing out from
the body into the storage bag, plastic collapsible container for human blood, so that it
is necessary to shake the blood storage bag until the end of the donation process. Not
only the blood bag shaker machine have to be imported from abroad, quite expensive
but also the limitation of instruments and inadequate in providing blood donation
services. This research is presented the design and construction of blood bag shaker
machine without load cell installation. There will be the principle of the speed control
to measure the current in order to estimate the volume of blood bag and can be written
the volume calculation program. This device will also increase the high performance
of blood bag shaker with the sensor rate to inform the status of each bag during the

operation in accordance to the terms of blood donation.
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E=I xR (2.13)
. E
1i/o [ =—
R]
911
R2
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V.=E (2.18)
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#include <Wire.h>

#include <LiquidCrystal 12C.h>
LiquidCrystal _12C 1cd(0x27, 20, 4);
/T ]
#include <PID v1.h>

#define PIN._ OUTPUT 3

double Setpoint, Input, Output;

double Kp=0.1,Ki=0.5,Kd=0;
PID myPID(&Input, &Output, &Setpoint, Kp, Ki, Kd, DIRECT);
T T
static int t = 0;

static int n = 0;

static int b = 0;

static int k = 0;

int p, m;

int g =0;

int rpm;

int Volume=400;

int Time Min=360;

int Time Max=640);

i

int Setup = 5000;

int Time Check; —

unsigned long t1 =0, t2 = 0;

unsigned long Timer;

unsigned long Time_Setup;

unsigned long Time_Begin_Show, Time_End_Show = 0;
unsigned long Time_beep;

float time_speed;
s
void(*resetFunc)(void) = 0;

T T

i5un1997% Library ¥9999 LCD

~ 9 .
(58019911 Library U049

PID LAEMUUAA

 Uszmaainds Logic ¥9952 1L

Ysemadans13 Setup USash 400 Hadans

Uszmaausiie Setup sTUVN 5 IWA

@ <
Jsgmaailsanuisisen

Usemedulsnadiigan 6 uin

Usemadnlsnaigagan 8 win

1Jsemaauilsnanaivesszuy

—>  Standby HarH Reset
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void setup() {
myPID.SetMode(AUTOMATIC); Standby Library PID Controller
attachInterrupt(0, Count, RISING); Standby ari#1 perrupt #15uns RIS OV
pinMode(7, INPUT); Setup U1 Switch ndJu Input
pinMode(9, OUTPUT); Setup 1 LED @08 331 Output
pinMode(12, OUTPUT); Setup 41 LED auauily Output

o [ 3|
pinMode(11, OUTPUT); Setup a1 Tnadayaauilu Output

by

led.begin(); Standby Library 3® LCD

led.setCursor(1, 0); i1aAe BLOOD BAG V 1.0 Tuussviai 1
led.print("BLOOD BAG V 1.0");
delay(Setup); —> Delay 52UV
H
void loop() {
while (1) {
Time_Setup = (millis() - Setup); — Sglgﬁ Time_Setup Glﬁﬁ?ﬂﬁﬁlll’mﬁl’f)\ﬁyﬂﬂ
digitalWrite(9, LOW); —> Fl¥EAes
int x;
x = digitalRead(7); Usemednls x Widludumnuues Switch
lcd.setCursor(13, 2); _
led.print(" ");
lcd.setCursor(10, 1);
led.print(" ");
led.setCursor(15, 1);
led.print("  ");
lcd.setCursor(1, 1);
led.print("SPEED: "); —
led.setCursor(8, 1);
led.print("0");
led.setCursor(9, 1); uansnaniveis U
led.print(" ");
lcd.setCursor(12, 1);

led.print("RPM");
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led.setCursor(18, 2);
led.print(" ");
led.setCursor(6, 3);
led.print(" ");
led.setCursor(12, 3);
led.print(" ");
led.setCursor(15, 3);
led.print("  ");

led.setCursor(1, 2);

led.print("VOLUME: ");
led.setCursor(9, 2);
led.print("0.00");
led.setCursor(16, 2);
led.print("ml");
led.setCursor(1, 3);
led.print("TIME: ");
led.setCursor(9, 3);
led.print("0");
led.setCursor(10, 3);
led.print(" ");
led.setCursor(14, 3);
led.print("'s");
N Switch Start //111111111111117117171711177177
while (x == LOW) {

digitalWrite(9, HIGH);

inty;

y = digitalRead(7);

Timer = (millis() - Time_Setup - Setup);

117111 Set Speed & PID Control ////1111111111111111111

Setpoint = 20;
Input = rpm;
myPID.Compute();

analogWrite(PIN_OUTPUT, Output);

9 A g
UFAANNANUIIDLIUAU

—> iifor Switch 3z ¥ szUVIM
—> W@dena

@ | o
}Jizmﬁmuﬂi y il udumuves Switch

—> blﬁ} Timer Hunauleszuus Uy

M g 3 3 A
v a o I=)
Wﬂﬂ%u PID (3UNINIU Tﬂﬁl Set A1ULTIN 20 rpm
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/111111 N otage Measure ///////111111111111111111111111111]

float voltage = Output * 0.047059; —

float Amp = voltage / 45.5;

I Alarm & Finish /1111111110001
if (Weight > Volume) { )
if (k==0) {

k=1,

} ]
if ((Time < Time_Min) || (Time > Time Max)) {
if (Time_Check < Time Min || Time Check > Time Max) {
digitalWrite(11, HIGH);
digitalWrite(12, HIGH);
}
else if (Time Check >= Time Min && Time Check <= Time Max) {
Time_beep = Timer / 1000;
if (Time_beep % 1) ==0) {
b++;
if (b>8) {
b=0;
}
H
else {
}
if(b==0) {

A1UIN Voltage 1182 Current

§ A 2
ionvzulauily Volume

float Weight = (168.17 * voltage) - 1409.8;

float Power = voltage * Amp; _

I seae TN

unsigned long Time = Timer / 1000; —> 1% Time 1711921910 Millisecond rﬂu Second

Time Check =Time; [ 140U30105049 400 inmsasivgamai e ldszulana

A a 1R
Lilﬂl’)ﬁTlJi%W]lliJfN 6
S A a
HINYITBINU
S o a
— 8 wiiidyg i IWuasaa

= [

Uz Y NUABIANY1)
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digitalWrite(11, t);

}

if (y ==LOW) {
digitalWrite(11, LOW);
digitalWrite(12, LOW);
analogWrite(PIN_OUTPUT, 0);
delay(2000);
while (1) {

int z;

z = digitalRead(7);

if (z==LOW) {
resetFunc();
}
H
H
}
else {

if (Time_Check < Time Min || Time Check > Time Max) {

digitalWrite(11, HIGH);
digitalWrite(12, HIGH);
}

else if (Time_Check >= Time Min && Time Check <= Time_Max) {

Time_beep = Timer / 1000;
if ((Time_beep % 1) ==0) {
b++;
if(b>28) {
b=0;
}
}
else {
}
if(b==0) {
t=1;

}

natjuioau Tvluazila

= o Y

@eazi Inszuuvge
UG UDDALTAINANTIING

LCD A4

1 d’ o
NA1JUINDIINIT Reset
4 W2
FTUVNBTONAL1ITY

Y
= [
BNAIN

WenaUINneg

1 A K
TEUIN 6 UINDN 8
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else {

}
digitalWrite(11, t);
H
if (y ==LOW) {
digitalWrite(11, LOW);
digitalWrite(12, LOW);
analogWrite(PIN_OUTPUT, 0);
delay(2000);
while (1) {
int z; z= digitalRead(7);
if (z==LOW) {
resetFunc();
}
H
H
}
}
/111111 Display /111111111
led.setCursor(1, 0);
led.print("BLOOD BAG V 1.0");
if (rpm < 10) {
led.setCursor(9, 1);
led.print(" ");
}
led.setCursor(10, 1);
led.print(" ");
led.setCursor(15, 1);
led.print("  ");
led.setCursor(1, 1);
led.print("SPEED: ");
led.setCursor(8, 1);
lcd.print(rpm);

lcd.setCursor(12, 1);

natjuioau Ivluaz daidesazii
Tszuungadndoaudana

%1190 LCD A4

oA o A
ﬂﬂﬂilmf]“l/l']ﬂﬁ Reset 3$UUINDITD

1 Q' = 09/1
NA1JNITHBNAT

< a
LARAIANWSITOU USRS

Aq ¥
taznanlsanu
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led.print("RPM");

if (Weight < 100) {
lcd.setCursor(14, 2);
led.print(" "),

}

if (Weight < 10) {
led.setCursor(13, 2);
led.print(" ");

}

if (Weight < 0) {
Weight = 0;

}

led.setCursor(18, 2);

led.print(" ");

led.setCursor(6, 3);

led.print("  ");

led.setCursor(12, 3);

led.print(" ");

led.setCursor(15, 3);

led.print("  ");

led.setCursor(1, 2);

led.print("VOLUME: ");

Time Begin_ Show = Timer;

if ((Time_Begin_Show - Time_End_Show) / 1000) == 5) {

led.setCursor(9, 2);
led.print(Weight);
Time End Show = Time Begin Show;
}
else {
H
led.setCursor(16, 2);
led.print("ml");
led.setCursor(1, 3);
led.print("TIME: ");

lcd.setCursor(9, 3);

<3 A
HEAINNNGITOU USuas

—

Aq ¥
uaznmﬂmm




73

led.print(Time);
led.setCursor(14, 3);
led.print("'s");
¥
¥
B
1111/l Count Speed ////////11111]
void Count() {
gt
if (g<12) {
tl = Timer;
H
else {
time_speed = (t1 - t2) / 1000.00;
rpm = (1 * 60) / time_speed;
t2 =tl;
g=0;
H
i

~ flad¥u Interrupt 7 1F UMY

3
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Sensorless Volume Estimation of the Blood Bag in Blood Donation
Process using Adaptive Compensator with Observer

Punkkhuntod J.%, Numanoy N.” and Srisertpol J.”*
School of Mechatronics Engineering, ®School of Mechanical Engineering,

Institute of Engineering, Suranaree University of Technology,
Nakhon Ratchasima, 30000, Thailand

*jiraphon@sut.ac.th

ABSTRACT
The blood bag shaking machine is an important device in blood donation process.
Usually, when the blood flows out of the body, it is clotted. Thus, it is necessary to
shake the blood in the bag with anti-clot solution and many factors which affect blood
quality. The shaking machine for blood donation process is imported and expensive.
This paper presents the design of a shaking machine for shaking the blood bag and
volume estimation without sensor. The amount of blood in the bag is related to load
torque on the DC motor. The volume of the blood bag increases in blood donation
process until the desired volume, which the eurrent increases too. The current and
load torque can be used to estimate volume of the blood bag and blood flow rate at the
same time via the principles of closed-loop speed control system, observer and

adaptive compensator.
Keyword: Shaking Machine, Volume Estimation, Observer, Adaptive Compensator.

1. Introduction
Criteria for blood donor selection, only individuals in good health should be accepted
as blood donors. Good health is difficult to define, but certain associated parameters
may be established from a brief medical history, observation and simple tests. Staff
undertaking donor health and risk assessment should be well-trained in the
observation of donor appearance and detection of signs of ill health. Staff should
receive explicit guidance on what to look for and when to refer a donor to a
health-care professional for further medical attention. Weight of donor is important to
set weight limits for blood donation to protect donors from adverse effects, in
particular vasovagal episodes and anemia. Low body weight and low blood volume
have been shown to be independent predictors for vasovagal reactions. In determining
a lower weight limit for blood donors, the blood transfusion services (BTS) should
consider norms for the weight of the population; if a significant proportion of the
donor population weighs less than 45 kg or 50 kg, collection volumes may be reduced

accordingly, while ensuring that blood collection bags and their anticoagulant content
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are adjusted to be compatible with the volumes collected prospective donors of whole
blood donations should weigh at least 45 kg to donate 350 ml £10% and 50 kg to
donate 450 ml + 10%. In assessing whether pulse, temperature or blood pressure (BP)
should be measured routinely, selectively or not at all at the time of blood donation,
the BTS should consider:

¢ Clinical value of these parameters in the blood donation setting (refers
weight of donor).

e Availability of adequate equipment (calibrated and sterile, where
appropriate), space and time. If blood pressure is used as a selection criterion for
blood donation, arbitrary acceptable limits of systolic BP of 100-140 mmHg and
arbitrary acceptable limits of diastolic BP of 60-90 mmHg are suggested.

¢ Competence and experience of staff and their ability to perform techniques
correctly. Moreover, if the blood components, there are 3 types of blood donation you
can make

1. Whole blood donation: This involves collecting 3 blood components (red
cells, plasma and platelets). O negative donors are always needed for whole blood
donations. It is the only blood type that can be safely given to everyone — whatever
their blood type, so they are known as “universal donors’. Donations can be made
every 12 weeks

2. Plasma donation: Plasma donations involve donating a concentrated
collection of plasma only through a process called apheresis. It takes about 45
minutes, though please allow 1.5 hours for the whole process from interview to
refreshments. You can donate every 2 weeks as your red cells are returned to you
when you donate, blood type A, AB and B donors are particularly needed for plasma
donations.

3. Platelet donation: Platelet donation involves donating a concentrated
collection of platelets only through a process called apheresis. You can donate every
2-4 weeks as platelets are replaced within a few days of donation. Blood type A and O
donors are particularly needed for platelet donation.

Blood banks store freshly donated blood for up to six weeks before it is
considered outdated and thrown away. But some recent studies suggest that people
who receive transfusions of blood older than two or three weeks may suffer adverse
effects. Some patients received transfusions with packed red blood cells that had been
donated at least 29 days earlier well within the allowable shelf life. Others received
fresher red blood cells, stored 28 days or less. Patients who received "older" blood
were three times as likely to have suffered infections of the bloodstream, respiratory
system, heart valves and other organs. Furthermore, there are still many factors which
affect blood quality and also burden employees with hard work. At present, for blood
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donation either in places or outside places, there are not enough employees who
provide service by incessantly shaking the mixture of blood and solution. As blood
bag shaking machines which must be imported from aboard are very expensive, the
blood donation site has limited machines to adequately use for service.

From the research background as mentioned above, this research has presented
the design, and built the innovation of blood shaking machines by simultaneously
weighing and shaking blood using the principles of volume estimation or workload
changes of blood tray supporting blood bags related to the volume or weight of blood.
Such mentioned workload changes will make changed torque which interfere working
sensors. The common system of DC motors the principle of increasing electricity into
motors to acquire torque and rotating speed as required in the condition of load torque
changed. As DC motor takes the observer to estimate state variable in order to use for
system control such as Full-state feedback Control, the result of changed torque will
cause errors based on the estimation of state variable by using sensors. Thus, the
efficiency of DC motors control decreases. In practice, changed torque cannot be
directly measured but it can be estimated.

This article has presented the process of torque estimation and that of electricity
affecting DC motors. When the volume of blood bag changes by using the process of
adaptive compensator to estimate load torque with adaptive observer which is built
according to the principle of Gradient Method working under the scope of stable
system which provides a range of information including the volume of blood bag

varying with time without any additional sensor installation.

2. Mathematical Description

1.1 DC Motor

The dc motor as we all know is a rotational machine, and torque of dc motor is a very
important parameter in this concern, and it’s of utmost importance to understand the
torque equation of dc motor for establishing its running characteristics. The
mathematical model of the DC motor is controlled by the armature voltage 7, and
utilized a constant field current. The differential equations of the DC motor can be
described by the following equations

IC;—(;)=—ba)+Kmia—TL (1)

di
V.-K,o=L —*+R-i 2
a b « Ia (2)
The state space equation of DC motor can be described by the following (3).

%=Ax+BYV, + BT,

- 3)
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1.2 Observer

The problem arises in which the internal states of many systems cannot be directly
observed, and therefore state feedback is not possible. What we can do is try to design
a separate system, known as an observer or an estimator that attempts to duplicate the
values of the state vector of the plant, except in a way that is observable for use in
state feedback. Some literature calls these components of observers, although they do
not strictly observe the state directly. Instead, these devices use mathematical relations
to try and determine an estimate of the state. Therefore, we will use the term of
estimator, although the terms may be used interchangeably. In paper, a state observer

is used for state estimation. The equations of full-order observer are

= AR+ BV, +B,T, +Le @

X
y=Cx
The error e=y—Cy¥=@—@ is between DC motor models with observer.

Where x is the estimate of the actual statex, and A, B,.B,.C and V, are known, so

é & 0 1
A= éb fR B = Li , B, = 70? .c=[1 0],L=[ ‘]
Lc L-x ¢
Where

1 Moment of inertia of a rotor (Kg-m”)

Kmn Torque constant ( N.m/A )

K Electromotive force constant ( V-s/rad )

I Load torque ( N-m )

b Viscous friction ( N-m-s/rad )

(] Shaft angular position (rad/s)

Ia Armature current ( A)

Va Armature voltage (V)

R Armature resistance (Q)

La Armature inductance (H)

Ly, L» Observer gain
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2. Adaptive Algorithms
The efficiency of DC motor response may vary with time due to changing in plant
dynamic or load torque. An adaptive system can self-modify to compensate the load
torque of the observer automatically to accommodate changes of volume or weight, as

shown in Figure. 1.

l | Blood Bag Shaking Machine 1_1'1 TTTTh
! . 1
@ V. l !
reference N a @
f—-@—b- PI Controller 2| Current L DC Motor | -
Loop !

[1 N -r‘; Observer ey
gain Y

ar
Observer
. Adaptive
T Compensator

Figure 1. Schematic of adaptive algorithms for volume or weight estimation

From the equation where DC motor is under the condition of getting changed load

torque, it can be formed as the following
BV, =é+ad+am+a,l, +al, (5)

With the various variables in DC motor system, it can figure out the value and
determine the constant variable. There is only one changed load torque (7,) which

varies in estimation of state variable. Thus, we get the equation of observer as follows
BV, = b+ a,irram+anT, +aT, (6)

Thus, the principle of Adaptive Compensator is to adapt the variable value (7,) by
eliminating the difference between two outputs and determining Loss Function (/)

value as
- 1,
J(T)= ¢ (7
From the equation (5) and (6), it will get

e=—a1é—qe—a2(f'ﬂ—'f;)—a](TL—fL) (8)
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Where é=d— the change of variable (7,) in the negative gradient direction of the

loss function is as follows

ar, a7 de
—t=y =y ©)
ot or, or,

From the equation (9), when compared with MIT Rule, the adaptive variable will be

ve oo (10)
af,  of,

L

Where y is adaptive gain when compared with the adaptive rate (]':L) there is a

change from equation (6) as follows

22 (5 A - ’ 37 A r r
in(blV_)_G—l oo +a, B v | S2 v, < o, +oy oI, (11)
ar; o\ or, ol er, or, or\ or, ar,
By determining Sensitivity Function as

o)
V= — 12
- (12)

L

Replace equation (12) in equation (11). it will get equation of the change of adaptive
variable which is
2,

oy ov
—a1=E+a25+a,v (13)

3. Experimental Setup

The blood shaking machine which is presented uses rotating speed of DC motor
installed with core support of which one end supports the blood bag tray to originate
maximum moment affecting the highest current to spin torque as of changing volumes
or weights. While the other end is stuck to the base structure of which turntable and
core support will be attached by diverting the center of rotation with the axis of
rotation of the drive shaft of DC motor. Alike aspect of beam tilting of the crank
makes blood tray move up and down in harmonic model according to rotating speed
of motor which is controlled by sensor in closed design with PI controller as shown in
Figure 2.

From this experiment, the researcher has written algorithm of controller with the

program MATLAB / Simulink and then linked signals to control between computers
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with board which is an electronic board functioning as a device linking between
computers with the experimental equipment through serial cable to PCI serial card of
computers. This Board will link to programs in additional part. Real - Time Windows
Target is the board having ability to control Real Time and transmit signals both D/A
and A/D. While doing the experiment, there will be a power amplifier to feed dc
electricity into Board which input voltage and current into DC motor to the order in
algorithm written in the program. When the motor spins, the sensor for speed
measurement in form of PWM will be sent to board for result processing work

controlling program

Figure 2. Experiment setup of shaking machine (A-- DC Motor, B-- Encoder,
C-- Control board, D-- Blood tray, E-- Blood Bag)

4. Simulation Results

4.1 System Identification

Mathematical models of DC motor are the basis of simulators and theoretical analysis
of dynamic systems, as control systems. The model can be in form of differential
equations developed from physical models, which expresses the input-output property
of the system. Some of the parameters of the model can have unknown or uncertain
values shown in figure 3. The DC motor is the open-loop control process. The
mathematical model of the DC motor can be estimated from experimental data.
Many methods for parameter estimation are available [10]. In this, the popular least
squares method (LS-Method) is described. You will see how the LS-method can be
used for parameter estimation of both static models and dynamic models of a given
structure with parameter value of DC motor as shown in Table 1, which the estimated
parameters from the responds by using between speed of DC motor and voltage data

reference.
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Current lq

LS-Method
— parameter estimation for
mathematical model

l Model parameter
I.b,K, and K,
Figure 3. Schematic estimation of parameters of a mathematical model

Table 1 Parameter of DC motor from parameter estimation

Description Parameters Value (unit)
Armature resistance® R 455 Q

Armature mductance* L, 34.5x10° H
Moment of inertia of a rotor I 3x107 kg-m®
Viscous friction b 27x107° N-m-s/rad
Electromotive force constant K, 1.73 V-s/rad

Torque constant K 1.75 N-m/A

Note *value of the measurement

4.2 Simulation Results

Considering of the DC motor system Rank(e)=2 therefore, this system is
observability. The design consists matrix gain of the observer L = [L; L)  and finding
that the gain of the observer. We will design a selection pole of observer at
§12 = -400+3007 and solving matrix gain of the observation as, [s/ —A4 + LC|= 0

nE [—527.8}
1550.9

The study of system simulation with the consideration on the effect of changing the
value of T;(#) in Harmonic model to shake blood bag by determining the value from
the weight of blood tray supporting blood bag acts to long motor rofation.
Assumption, when the blood bag 100 g. at the span 5 cm. with rotating speed at 20
rpm, it have the load torque 7',(#)=0.05sin(2f) as shown in Figure 4.

The operation of DC motor in workload when the system obtains changed load
torque will change rotating speed. The electricity will increase in the direct proportion

of changed load torque. And the operation of observer when the system obtains
changed load torque, the estimation of state variable of DC motor will get errors.
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From the results of load torque estimation and the estimation of state variable current
by using Gradient Method taking action to motor system is efficient as shown in

Figure 5.

0.1 . 01 e

| DC Motor plant
0,08t et === Observer

0.0

.06}
004
0.02 I -

0.0}
004
-0.06

-0.08

Torque (N.m)
=

Current (A)

-0.02 i i i i i i H H ]

0.1 SR S S 0.04
0 5

Time (sec) Time {sec)

Figure 4. Response of 7, () and TL () Figure 5. Response of i (1) and i (1)

5. Experimental Results
This topic presents the results of changing torque estimation of DC motor model by
using adaptive compensator to estimate load torque with observer built according to

the principle of Gradient Method.

5.1 Load torque Ty(f) changed value in Harmonic with constant volume

In experiment to study the operation when there is static load, it is considered that the
blood bag put in the blood tray has static volumes or weights. For convenience, this
experiment determined the density of blood close to that of water which was used in
experiment instead of blood to figure out the relation of volumes and weights in blood
bag and the change of electricity. In experiment, the volume of blood bag varied as
shown in Table 2 and weight measurement and the consideration on the response of
current were as Figure 6. The estimation of load torque acting to motor was shown in
Figure 7. The control of speed at 20 rpm was as Figure 8 which was the example of the
response of blood tray No.6 and No.10 in which liquid inside is solution mixed with
water 100 cc. and 300 cc. respectively.

According to Figure 9 and 10, when considering the maximum moment affecting
the highest current to spin load torque ccording to changed volumes or weights, the
relation between  electricity obtained from observer i, and volume v and weight

Furthermore, electricity is still a function of workload as the following

¥ =46987 325, W =5051i, —296, T, =1.818i, —0.0635
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Table 2 Weight and volume of blood bags

NO. Substance in bag Volume(cc.) Weight(g)
1 Solution 63 120.85
2 Solution + H,0O 20 cc. 83 141.15
3 Solution + H,0 40 cc. 103 162.79
4 Solution + H»0 60 cc. 123 182.28
3 Solution + H.0 80 cc. 143 206.96
6 Solution + H,O 100 cc. 163 229.10
7 Solution + H,0O 150 cc. 213 285.83
8 Solution + H,0 200 cc. 263 339.65
9 Solution + H,0O 250 cc. 313 387.98
10 Solution + H,O 300 cc. 363 441.18
11 Solution + H,0 350 cc. 413 493.32
12 Solution + H,0 400 ce. 463 553.78
Note All value of the measurement
03—
No.6
PP SN RN N N S Nl
0.2 7 i
0.15 g
. g
S 01 §.
'g 0.05 g0
3 0 :
0.05 2
01 §
015 i
B T S R B

Time (sec)

Time (sec)

Figure 6. Response of abserver current (1) Figure 7. Response of estimation torque 7, (1)

Time (sec)

Figure 8. Response of speed
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Weight (gram)
Current (A)
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03

Figure 9. The relationship between the Figure 10. The relationship between the
(0,7 andw i0),T,(Handv

5.2 Load torque 7(f) changed value in Harmonic with variable volume
It has flow rate as follows

- 65 ce/min (Time for blood donation is 6 minutes)

- 50 ce/min (Time for blood donation is 8 minutes)
With the volume of blood in blood bag 400 + 10 cc.
The results of experiment of volume estimation of blood flowing into blood bag, the
steepness of the estimation and changed load torque which took action to DC motor
related to blood flow rate and blood volume in blood tray of blood shaking machine.
The power of spinning for shaking blood tray supporting blood bag with changed
volume by Gradient Method in the load estimation were shown in Figure 10, 11, 12
and 13 respectively.

Current (A)
Torque (Nm)

-0.15

L BN
Time (sec) Time (sec)
Figure 10. The current of observer i (7) Figure 11. The estimation torque

at flow rate 65 cc/min T; (#) atflow rate 65 c¢/min
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Figure 12. The current of observer i, (f) Figure 13. The estimation torque 7, (#)
at flow rate 50 cc/min at flow rate 50 cc/min

6. Conclusion
The results of the change of blood bag volume will affect load torque value and
electricity of DC motor. Thus, the adaptive compensator to estimate changing load
torque value with observer will provide the estimation of blood bag volume, the flow
rate of blood, and warning system in case of nearly reaching the required amount of

blood and the abnormal flow rate of blood.
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Abstract

The blood bag shaking machine is equipped with a high priority for the community blood services.
Usually, when the bloods flow out of the body, it's clotting of the blood. Furthermore, while the processions is
necessary to shake the bag of donated blood. Which machine shakes to prevent blood clotting and estimates
weight of blood bag. On the other hand, it's imported and expensive. That's, the community blood services are
limited and not enough equipment in service. Consequently, this research designed and constructed shaking
machine of blood bag, the estimated volume of blood and shake the bag at the same time without the load cell.
The principles speed control and maximum current of DC motor estimated weight of blood bag. As a result, it
also increases the performance of the machines.

Keywords: Blood Bag Shaking Machine, Speed Control, Volume Estimation, Load Torque Compensator.
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