or dl [T | g
m‘meumm‘mamaﬂﬁammumaﬂ‘luﬂaﬂmtm

DEVELOPMENT OF BLOOD LEVEL DETECTOR IN OXYGENATOR

17919 4A3b

HNAINYWIIN  anlanIsssu ST 54363606
w A d Yt
UWANIIUNNEN HNAT SUE 54364139
FRNDTYA UM INNEUMITS L/
"J'uaamlﬁuu‘l[]m”zaw i
RYAEAT N berrarsoeerreso 197
R T A

=Y d 3 H s = w o
PyantnusiiiluaumilavesnisiinmndngnslSaygimnssumansifoin
[=3 =, Y I
UM IINTsN I madririnssuidiazreniines
AMLIAINTINAITNS NHINLIEBISAIS

=] =
Unseinu 2557



L7

Y¥orivelasanu

Ve o
gautulasany

nfinuniassanu
7193

-
MAIn

Umsenmn

TuiusenSayaniinus

mavanniniensnaeuseaudoaluloaiiox
UHNAIAFNTTO ?;uTﬁmﬁssu AT 54363606
wieaTuindm  Aniag sHa 54364139
faumans 19158 A3, q9@ ubuniu
Franssu'ivvh

Feanssurthuaznoufiunes

2557

= I'd = ar wag ¥ 12 =Y & ar nrﬁ 1 P
AUZIAINTIUFNAAT VHIINONDoULTAIS eyia ATy riivusaiutidudiuniig

vesmsiinuiamngasinanssumanstiadin svisianssy i

M (/\) o (4
Z—ﬂ— s Tnseay

(AT wrmaas 19150 A543 uduniu)

.......... DXAgn/’mmms

¥ 4 =, oar o,
(H¥WAITATINTG ATYNAT TINTUNT)

3 A ATSUMS

----------------------------------------------------------

1 L s n(
((¥rumans191sd as. wia Waqns)



o 3

ﬁ' e dl. a - =
¥erivelaidnu  nIINeILuAIawmINdouszaudoalulamiion
»
Hauiinlnssanu UNATINFNITH  AWANIBISU SHE 54363606
v A o w
WNANTUARGNT  HNULAI WY 54364139

4 3/ o o [}
nfinmlaseann  f¥emaannsd as. gnd uduniy

I Arnssu T
=y = =Y o
MAIN s sy i aznouniunes
?J r=
MIANE 2557

Unfaee

d; ar - = =1 a o ¥ 1 Qo A wr
wyBInsITRlsEAlRon Tudsatheulianudinnluns lFauiwiumniesiala
= d'l o, kY o a o v o 3 o v A A
waztoauuwsiilunistlesnuduasisvuziimsiaagilholsadals uadissnnmies
] 3
asngeuizauden lfeafouldegludapiniudeaindrnmdsdsemei ding
) ¥ 8 o Aoy 1 o o = -=‘lw& ) a A
amignegadmsulsmennaninmdanileriada Tassuitanitausmsiainies
() 4 o i Q@
asnaovszavtaoaludeamouiailuguineamsadiunsesnstoaouszauifdonluion
=4 13 d.! A w 5 9 o
thoudleaed laonisanwannivilsznovdao lulasneu InsamosHioay ATmega328
{ w g Y r 1 ar ar o r
P-PU Wnduauadiudseavvoanainuy lidudalumsmmuaszavve umad lurleadion
4 v ¥ H 1 a A o ow H 4 v d @
ioszdinhandanszduilasans dygralwihinlaannnatumiman lWfhenga
ar 1w o 1 o = s <3
viveamamuy Wdvdgvzgnaiwlewli luTasnouTnsamesuas Tns wiideymiluides
& ¥ 9/ 9/ 3 A 1 & [T |
IRDUNIDUAWUIANUVUHIILDUDAHA 9 1AHANITNATOUNUIUAT DIATIVADUITEALLIF DA
! or 43 o ol i !
Tudeaouiwanniuaimsaiii il ldaudvileamonive carlox® sx '14ed19d)

szansam



-

Project title Development of Blood Level Detector in Oxygenalor

Name Ms. Kotchapran Limsopathan ID. 54363606
Ms. Wantippa  Pakadeang ID. 54363743
Project advisor Assistant Profressor Suchart Yammen, Ph.D,
Major El_eclrical Engineering
Department Electrical and Computer Engineering
Academic year 2014
Abstract

Blood level detector in oxygenator is significant to coordinate with hearl and lung
machine in terms of danger protection while a heart-disease patient is operated. On the other
hand, nowadays in open-heart operation hospital, blood level detector in oxygenator is imported
from foreign affected to have high expense. This project presents the development of blood level
detector in oxygenator to guide for construction the blood level detector in oxygenator. The
developed detector consists of micro controller numbered “ATmega328P-PU” which controls
perception of intangible-liquid level in terms of specification liquid level in lung machine. When
the liguid-level decreases lower than safety level, light signal will be iransferred to micro
controller and analyzed data to be wamed sound including message on LCD. From the test result,

it is found that the developed detector can be effectively used with oxygenator, CAPIOX® SX.
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#include <Wire.h>

#include <LiquidCrystal 12C.h>

// Set the LCD address to 0x27 for a 16 chars and 2 line display

LiquidCrystal 12C led(0x27, 20, 4);

int Swl=6;
int Sw2=7,
int Sw5=5;

int swl3=13;

intSW Reset=();
intSensor Down=0;

intSensor_Up=0;

void setup()

{

pinMode(sw13, OUTPUT);
pinMode(Sw1, INPUT);
pinMode(Sw2, INPUT);

pinMode(Sw35, INPUT);

/f initialize the LCD

led.begin();



// Tum on the blacklight and print a message.
led.backlight();
lcd.setCursor(0,0); // lifdasnush o uadh 1

led.print("Naresuan University"};

led.setCursor(0,1); / linadnush 6 uoai 2

led.prin("BLOOD LEVEL DETECTOR");

led.setCursor(3,2); // TalAdenush 0 ead |1

led.print("IN OXYGENATOR");

/f led.setCursor(4,3); // 1na9n15% 0 ua¥ |
i led.print("LEVEL:Normal");
1
void loop()
{
while(1)
{

Sensor Down= digitalRead(Swl);

Sensor Up = digitalRead(Sw2);
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SW_Reset = digitalRead(Sw5);

if ((Sensor Up==0)&&(Sensor Down==0))
{
digitalWrite(sw13, LOW);
led.setCursor(4,3); // 1ﬂﬁﬁ?5ﬂﬁ§ﬁ 0 umﬁ 1

fed.print("LEVEL:Normal");

H
else if ((Sensor Up==1)&&(Sensor Down==0))
{
digitalWrite(swi3, LOW);
led.setCursor{4,3); // "lﬂﬁ'éi'qﬁ’nmﬁ 0 !.I,EIT?:l 1
led.print("LEVEL:LOW ");

}

else if ((Sensor_Up==1)&&(Sensor_Down==1))

{

if (SW Reset==0)

{
digital Write(sw13, LOW);
delay(100),

led.setCursor(4,3); // llAd26nus7 0 uaah 1



led. print("LEVEL:Abnormal");
delay(500),
led.setCursor(4,3); #/ TAd18nu5A 0 1pad 1

led.print("LEVEL: ")

else if (SW_Reset==1)
{

digitalWrite(sw13, HIGH);

delay(100);

led.setCursor(d.3); #/ TREI8AMH 0 1adf 1
led.print("LEVEL:Abnormal");

delay(500),

led.setCursor(4,3); // vlﬂﬁﬁ"]ﬁ)ﬂyiﬁ 0 umﬁ 1

led.print("LEVEL: ")
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Eeesssssssssssssss——ss——— A TmMega48PA/88PA/168PA/328P

1. Pin Configurations

Figuse 1-1,

VLN R LTI DY
FPCNTI SR T PO

Pinout ATmegad8PAIBBPAIEGEPAI328P

TGFP Top View POR
FEy
g
L%k
L)
i
e <
oo AT A 1 SBPFOSADT LI mONT
EBF A TRONT IS S, POCT] 3 27 PG ADCLCARG T L
O F PN PO Y S LI ADIMRCATI
: PLIRRFFLAT?, PEsTIRNTE P 4 2 P ey (ADEaecam D
g2 FOR ADLRCATE ey I e L] RO 800 1 PCATE:
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ol apeE o
e s 1D Aok el
- o AR IRLITON L PR S
nreegr ko ACINT? KTALTOE S2 BT 19
HPege () F¥S 1P AT AT T 1P 1t
T |PLAT2 CotaAAL, POEE] 12
a PeNTTI AN FPOTE 1 T
G ECNTEELR LN L e ] 1 15 P PE1 0T 1ABCT 4

RSFE L T RTY - N A

sssssssssssssssssssnm— AT megad8PA/B88PA/168PA/328P

1.1 Pin Descriptions

114 vcc

1.4.2 GND

Digital supply veoltage.

Ground.

$.1.3 Porl B [PB7:0} XTALUXTAL2/TOSCH/TOSC2

1.1.4 Port C {PC6:0)

Port B i5 an 8-bd bi-girecbonal /O port with intemal pull-up resistors (selecled for each bit). The
Porl B oulpul buffers have symmeltrical drive characteristics with bolh high sink and source
capability. As inpuls, Port B pins that are esternally pulled low will source cument il the pull-up
rasistors are activated, The Porl B pins are tri-stated when a reset condition becomes aclive,
even il the clock is nol renning.

Depending on the clock selection fuse settings, PB6 can be used a3 input to Lhe Inverting Oscil-
lator amplifier and input lo the intemal clock operating circuit.

Depending on the clock selection fuse settings, PB7 can be used as output from the inverting
Ceciflator amplifer.

If the Intemal Catbraled RC Oscillalor ks used as chip clock source, PB7.6i5 used as TOSC2 1
input for the Asynchronous Timer/Counter2 if the AS2 bitin ASSR (s set.

The various special features of Port 8 are elaborated in "Altemate Functions of Port B' on page
82 and 'System Clack and Clack Cplions” on page 26.

Port C is a 7-bit bl-directional 'O perl with intemal pult-up resistors (selecled for each bit). The
P£CS5..0 outpul buffers have symmelrical drive characteristics with both high sink and source
capability. As inputs, Port C pins thal are extemaliy puited low will source current if the pull.up
resistors are activated. The Porl C pins are lri-stated when a resel condsdion becomes achve,
even if the clock i3 nol running.



PC6/RESET

Port D {PD7:0}

AV

AREF

75

If the RSTDISBL Fuse is programmed, PC6 is used as an VO pin. Note thal the electrical char-
acteristics of PC6 differ from those of the other pins of Port C.

I{ the RSTOISBL Fuse is unprogrammed, PCE is tsed as a Resel input, A tow fevel on this pin
for langer than the mnimum pulse length wil generate a Reset, even if the chock is nol runnang.

The minimum pulse length Is given in Table 28-3 on page 318, Shorter pulses are not guaran-
{eed lo genetale a Resel

The vanous special features of Poit C are elaborated in "Alternate Funetions of Port € on page
85,

Port D I5 an 8-bi bi-dwectional O port with intemal pull-up resistors (selected for each bit), The
Port D output buffers have symmelrical drive charactéeristics with both high sink and source
capability. As inputs, Port D pins that are extemalty pulled low will source current if the pull-up
resislors are activated. The Port D pins are tri-stated when a reset condition becomes aclive,
even if the clock is not running.

The various special features of Porl D are elaboraled in "Alternate Functrons of Port D on page
BB,

&Y is the supply voltage pin for the A/D Converter, PC3.0, and ADC7:8, It should be externaliy
connecled to Ve, even if the ADC is not used.  the ADC is used, it should be connected to Ve
through a low.pass filter. Note thal PC6. 4 ute digital supply voltage, Vee.

AREF is the analkeg reference pin for the A/D Converler,

ADC7:8 (TOFP and QFH!MLF Package Only)

in the TQFP and QFH/MLF package, ADC7:6 serve as analog inputs to the A/D converler.
These pins are powered from the analog supply and serve as 10-bit ADC channels.
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Block Diagram

Figure 2.1.  Block Dlagram
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The AYR core combines a rich instruction set with 32 general purpose working registers. All tha
32 registera are direclly connected to the Anthmetic Logic Unit (ALU), alfowing two independent
registers lo be accessed in one single insfruction execuled in one clock cycle. The resulting

architecture is niore code efficient while achieving throughpuls up to ten times faster than con.
ventional CISC microcontroders.

The ATmega428PAIBBPAIG6EPASIZEP provides the following features: 4K/3K bytes of In-System
Programmable Flash with Read-While-Write capoabilities, 256/512/512/1K bytes EEPROM,
S12HKNKIZK byles SRAM, 23 general purpose 1O lines, 32 geneial purpose working registers,
three flexible Timer/Counters with compare modes, intemal and extemal interrupls, o serial pro-
grammaoble USART, a byte-onented 2-wire Senal Interface, on 5P serial pon, a 6-channel 10-bit
ADC (8 channels In TOFP and QFHN/MLF packages), o progrommable Walchdog Timer with
internal Oscillator, and five coftware selectable power saving modes. The |dle mode stope the
CPU white allowing the SRAM, TimeunCounters, USART, 2-wire Serial Interace, Pl port, and
internupt system to conbnue functioping. The Power-down mode saves the register contents bul
freezes the Osci¥ator, disabling all other chip functons until the nexl intemupl or hardware rased,
in Power-save mode, the asynchronous timer continues te nun, alowing the user to mainlain a
timer base while the rest of the device is sleeping. The ADC Nolse Reduction mode stops the
CPU and all IO modukes except asynchronous limer and ADC, to minimize switching noise dur-
fng ADC conversions. In Slandby mode, the crystaliresonalor Osciator is rupning while the rest
of the device Is sleeping. This allows very fast start-up combined with low power consumption.

The device is manufactured using Atmel's high density non-volatile memory lechnology, The
On-chip ISP Flash allows the programy meniory {o be reprogrammed [n-System through an SP)
serial interface, by a conventional non-volatiie memory programmer, or by an On-<chip Boot pro-
gram running on the AVR core. The Bool program can use any interface te download the
application program in the Application Flash memary. Software in the Bool Flash section will
continue to run white the Applcaton Flash section is updaled, providing true Read-While-VWite
operation. By combining an 8-bid RISC CPU with In-System Self-Programmable Flash on a
monolithic chip, the Atmel ATmega48PA/EBPAI16BPASIZEP is a powerful microcontrotier that
provides a highty Fexible and cost etfective soluton to many embedded control applications.

The ATmegadBPAISEPAIGEPAIIZEP AVR is supporied with a full suite of program and systam
development toola including: C Compilers, Macro Assemblers, Program Debugger/Simulatars,
In-Circuit Emulators, and Evaluation kits.
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Non-contact Liquid Levels Switch

Non-Hetal containler
Wall thickness: k-}3am

7

Attach the sensor to
oputside surface

Digital Output
+5V

ND

The cushion

should not
be coapressed

nepEL YHX 5. WPN Hodel: _
T\ vuk-55 | sock | [Il——
CURRENT b i Concutlar
poveR R ,
consunpTron | Mox 10d=U (SV) Front Cushion
WORKING R :
TenperaTuse | 85155 ¢
. GNP Hodel:

Cormuelian 5V -

Note: When triggered PINS lrushion| Back

the sensor will output 0OV
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LM555
SHASIASD - FEBRUARY 2000- REVISED MANLLARY 2015

$ Pin Configuration and Functions

N ——

TRIGGER

RERET

D, P, and DGK Packages
8-Pin PDIP, SOIC, and YSSOP
Top Yiew

N

L

2 < 7
COMPAR. 8 -
s = R = DISCHARGE
" ¢ Il
FU® FLOS SR —
3 OUTPUT - d WD
R COVPAR. .
STAGE < +— ATOR THARESHC
| —1
_—L(L
1 Vagk Ty £ CONTROL
VOLTAGE

Pin Funclions

80

PIN
o DESCRIPTION
NO. NAME
Controd Contro's the threshold and trigger leve's. H deterrrings the puise width of the outpat

& VoHage ) waveform An external vollage appled to this pin €an a0 be used to modubte the output
veaveform

7 Discharge ) Open col'etior ouiput which decharges a capacior bebween otervals (in phase with outpul)
1 toggles tha outpud from high 1o Jow when voltage reaches /3 of the supply voltage

1 GND o] Ground reference voltage

3 Cratput o] Outpid driven waveform

4 Reset , MNegatve pulse apphed o ths pin to drsabke of resed the timer. When not used for reset
purposes, i shalid b connecied to VCC to avod faise fngganing

8 Threshotd | Compares the voilage appted to the terminal with a reference volage of 2/3 Vee. The
ampltude of voitage appred to this terminal is respons-tia for the set state of the fip-fop

2 Trigget . Responsile for transition of the Pp-flop from st 16 reset. The oltpud of the tmer depends
on the amplitude of the extermal trigger puise apphed lo this pin

8 v | Supply voRage with respect to GRD
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LCD-20x4B

20x4 Liguld Crystal Display with HD44780 driver
{Biue Backiight and White Character)

Specificatlons

Drsplay Formal | 20 characters x 4 knes

Drive Method 1716 duty. 175 bias

LCD Type STN Bloe

LED Badt_l_ﬂ Yhite oo\
[ Viewingdirection | 6:00

Cperating . .
Temperatwe | 20ClS0C

Power Supply

Ve,

V.

Ve

ViV, LCD driving volsge
VR 10K - 20K

——aC OO PR

Electrical Characteristics

1

<-:<<i

|

Poveas SUpply Curment

ity backpiv

Block Diagram

Pomasr Supply Curent .

2 1 led

oBe S LCD PANEL
134

Voo = L
E =——p W .
RAN ——— uz u3
RS ——p 3 3
V. ——»
Vas e .
Vo — 7
A :j LED BACKLEGHT I
K

4 2B

]

S P401072 - - -

54070 I

"‘ﬂj T [ AR
vnes lual ss

J 45
—t _I_[
Ze ff:
e H |
TITI]"'

\ F

S 0 0 A

BI?]'Ollliﬁ—l—lgflliw!l’!

et s (w0 | v | #5 |8 | ( | owa ] oav |ow2 | 093 | oea | oy ook A7l A | €

82
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FPhiips Semiconductors Product specification

Remote 8-bit I/O expander for 12C-bus PCF8574

4 BLOCK DIAGRAM

! 13 INTERRUPT
WNT - — - -~ P =5
it LP FRLTER
i PLFBST4
)
4 4
Al = — =
2 - . 1 51 opt
14 8 P43
S0 »
" peut |} rcims [T 7l
SOA - . FRTER controL || RES&?TIER TET mu;T P I
> P4
0] |
— LU A
21 .5
WRITE pute
v '8 | READ pidts o
L Y POWER-CHN
VSS"“—U RESET _—_ —_ -

Fig.1 Block duagram (SOT38-1 and SOT162-1).




Phibips Semiconductors Product specitcation
Remotle 8-bit /O expander for 12C-bus PCF8574
5 PINNING
- pore — e
SYMBOL - DESCRIPTION
DIPtS; SO18 $50P20
AD 4 1 J — |address inpt 0 B o . |
(A1 2 7 address inplf |
_A_z L 3 ) ] sgadress input 2 _
L 4 10 quasi-bidinectional 0 O o
P1 5 | 00w quasi-bidgirectional /O 1 ]
_?2 y Sl ____S 12 qummmuoz AN Y ]
fa___ S A=l 7 . 1 14 | quasibidirechonal VO 3 ' o ]
Vig 8 - 15 supply ground o ]
ﬁA ! 1y __E_ 16 quissi-biditectional L0 4 .
|Ps 10 17 quasi-bidirectional 1O §
P5 1n =% 19 quasi-bidiractonal LD 6
P 12 20 quasi-bidrectional IO 7 I
7ll'ﬁdf___ | 13 1 |interrupt output (sctive LOW) ) 3 e
SCL 11 2 serial ook bne ~ . L o
EA_ . 15 4 serial data e " 1
VYoo 18 5 supply volage | Y )
ne. A 3 not connacied
ne. N a\ W a8 NOl connecied -
ync - 13 Nt CONNecisd
ne - 18 ot connected R .
LINE ) zj 3
A0 | U _TE] VDO sl E E L]
Al E ]_T,] <0 rec E E] ne
a2 [7] 1] st so4 [4] [17] ps
o 0] ey [0 ol
7415
1 E PCFEGTLA E] pr A0 E 4 '1_—5] VSS
2 (4] [11] e A {7] [t4] #»
] E 1__9] e ne E E ng
ss (€] agd Az 3] 73] »2
e #o [19] 11} Pt
L« ol
Fig 2 Pin configurstion (DIP 16 SO18). Fig.3 Pin configuration (SSOP20),
1097 Apr 02 5
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Phifips Sermiconduciors Product specification
Remote 8-bit IO expander for 12C-bus PCF8574
8 LIMETING VALUES
In accondance with the Absolute Maximum Rating System (IEC 134),
SYMBOL PARAMETER MiN. MAX umNT
Vor Supply vollage -0.6 +7.0 v
v input voltage — B Vss-056  [Vup+D§ v
Iy DC Input curment ", +20 mA
+'“— O output current - - 125 mA
) supply current - $100 |mA
bss supply current e - +100 mA |
Pra {olal power dissipation - 400 mw
_PB ) power dissipation per ouipt - 100 miy
Teg storage temperature YU ¢ -65 +150 ‘C
Tom operatng ambiani lemperature o b 46 e85 1e |
% HANDUNG

Inputs and outputs are protecied agains! slectrosiabe discharge in normal handting. However, 16 be tolally sefe, it is
desirable to lake precautions appropriate (o handhng MOS devices, Advice can be found in Dala Handbook IC 12 under
“Handikng MOS Devices”,

10 DC CHARACTERISTICS
Veg 22506V, Vs =2 0V, Ty ® 4010 +85 G, uniess otherwisa spacified,

SYMBOL |  PARAMETER |  CONDTONS | MIN | TVP | max | umr
Supply
Voo | supply votage | 25 - 8.0 v
(%) supply aurment operatingmode; Yoo =8V, | - 40 100 HA
no hoad; V) = Vop of Vgg.
fscL = 100 kH2
b standy curent standby mode; Voo =8V, |- 25 10 A
no load, V) = Vpp or Vgg
Veor Power-on reset vollage Vop = 6V, no load; - 13 24 v
V.=Vm0sts:m1_- J__
Input SCL; Inputioutput SDA
Vi LOW level Inpul voage 05 |- WV |V
Vi HIGH leved input voltage 0Veo |- Voo +05 [V
loL LOW leved ouipest curent Voo =04V 3 - - mA
1 sakage curment Vi = Vpp of Vss -1 - +1 A
c, input capaciianca V) = Vs - - 7 oF

g6



Phifips Semiconductors Product specification

Remote 8-bit /O expander for 12C-bus PCF8574
symeoL | PARAMETER |  CONDONS | mn | TvP [owa | uwir
1Oa
Ve LOW level inpul voltage Y - 03V (V.
Vet HIGH level inpul voltage 0. ™Noo |- Voo + 0.5 [V
hmasy | METUM allowed inpud V2 Voo O V; $ Ves \ Y 400 A
curTent theough protection
diode
o LOWievel oulpud current |V 2 1V Vpp = 5V 10 25 - T ima
lowt HIGH tevel output curenl | Vs & Vs T 3 300 WA
lown transient pull-up curent HIGH during acknowledge |- -1 - mA
(see Fig 14}, Vou » Vss:
Vm =25V
C inpUl capecitance ] . I 10 oF
Ce oulpurt capacitance - - 10 pF
Port iming; Cy. < 100 pF (see Figs 10 and 11)
outgut data vahd - 1 4 s
b inpudt data set-up time ¢ - - s
tn input data hold time n 3 [ us
Interrupt {NT (see Fig.13)
for LOWlevel output cusment |V =04V 16 z - mA
l leakage current Vi = Vop of Vs -4 - + WA
TaamG; C < 100 PF
b input data valid tme r F 4 us
l reset delay time - - 4 |ms
Select inputs A0 to A2
Va LOW level inpul voitage 05 - W0Veo |V
Vi HIGH level inpta voltage 0.7Vpo - Voo + 0.5 |V
LY input leakage cument pin at Voo Of Vs -250 - +250 nA
Note

1. ThePm—onre&e!cﬁunﬂmestmlzc-bmlogicvdmvm<vmandsﬂsnwo=tologic1(Mmcxnevﬂsmme
16 Voo).



Phiips Semiconductors Product specification

Remote 8-bit 1/O expander for I2C-bus PCF8574

11 11C-BUS TIMING CHARACTERISTICS

SYIBOLI PARAMETER l MIN, TYP. ] MAX | umiT
1C -5 THaNG (see Fig 15; note 1)

foer SCL tlock frequency - T 100 KHe

tew | lolerable spike width on bus - N T s
[ bus free bime | 4.7 - - s
tsysta | START condition set-Up time a7 T - us

taosta | START condfion hold brme 00 - - s
how  |SCLLOWEme 47 - - "
boow | SCLHMIGHEme 40 - us

L SCL and SDA rise time - N AN 1.0 WS
'’ SCLand SOA ltme e 03 is
tsuoar | data setup tme * 250 o - ns

Yoot | data hoid tme w—— - - s

Iyobar | SCL LOW to data oul vakd = - 34 us
{tsusto_ | STOP condon set-up time I EE G
Notg

1. Al the tring values are valdd within the operating supply vollage and ambleni lemperaturs range and refec to Vy
and iy with an Inpul voltage swing of Ves to Voo

] siaar | mr? | BT W|“7 @i | acenowence | stop |
PROTOCCL | conarmoN | MSB i ey 158 m coNpinoN |
[ L D 1A | | L) B!

Fig.15 12C-bus timing diagram.
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Pheips Semiconduciors Product spedfication

Remote 8-bit /O expander for 12C-bus PCF8574

12 PACKAGE OUTLINES
DiP16: plastic dus! Inine package; 16 leads (300 mil); long body SOTI8-1
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Phifips Semconduciors Product speciicaton
Remote 8-bit I/O expander for 12C-bus PCF8574
SOT162-4

S0O185; plastic small outtine package; 16 leads; body width 7.6 mm
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Remote 8-bit 110 expander for 12C-bus PCF8574
830P20: plastic shrink smadl outline package; 20 leads; body whith 4.4 mm S0T208-1
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LM2596

3.0 A, Step-Down Switching
Regulator

The 1M 2596 regulator is monelithic integratad circuil ideally suited
for easy and convenient design of a step-down switching regulater
{buck converten). 1 Is capable of driving a 30 A foad with excelbent
line and load regulstion. This device is available in adjustable outpat
version and il s Intemally compensated to minimize the numbsr of
cxternal components 1o simplify the power supply design

Winge [M2596 coaverler is 3 switch-made power supply, ts
cfficiency is significantly higher in comparison with populas
three - terminaf lincar regulators, especially with higher input vltages,

The 1.M2896 operates at a switching frequency of 150 kHz thus
alfowing smaller sized Rlter components than whal would be needed
with lower frequency swilching regulasors. Availably in a standard
S tead TO-220 package with scveral different load bend options. and
DIPAK surface mount package.

‘Ihe other features inchide 2 guarantood 4% tolerance on vulput
voltage within specificd inpa voltages and output ki conditions, and
+15% on the oscillator (requency, External stadown is included,
featuring 80 A (fypical) standby curtent. Self protection featurcs
imdude switch cycle-by- cyite curren Fimit for the output switch, as
well as thermal <hwdown for complete protection wader fault
conditions
Features
Adjusiable Output Voltage Range 123V - 37V
Guaranieed 3.0 A OQutput Load Current
Wide Input Voltage Range up to 40V
150 kHz Fixed Frequency Internal Oscillator
TTL Shuidown Capability
Livw Powcr Sundty Mode, lyp 50 pA
Thermat Shutdown and Curtent Limin Pretection
Inemal Loop Compensatlon
Moisture Sensitivity Level (MSL) Equals |
Pb-Tree Packages arc Avaitable

Applications

& Simple High- Eficiency Step-Down (Buck) Regulator
* Efficient Pre-Reguialor for Lincas Regulators

& On-Card Switching Regulators

s Positive 10 Negalive Converter (Buch - Boost)

s Negative Step-Up Conventers

® Power Supply for Baltery (harge

Sed duinded ortmrng and shipgeng
Anenskond attlion o page 21 of this dale sheet

See il mawiong
wechon on page 23 of S dals sheel,
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TO-220
¢ TV BUFFIX
" CASE 1148

Haatna surtace connected o Pin 3

TO-20
T SUFFX
CASE 314D

ORLOFF

| DPAK
D27 SUFFIX
1 CASE 9384,

-]

Heatwrk surisos {shown as torminal 6 in
tase outirg drawing) i commacied o P 3

ORDERING INFORMATION
Irdormahon i e petics

DEVICE MARKING INFORMATION
nicrmaton n e devce marking
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Typicst Application (Adnatabie Outpit Voltage Version)

L)

. oI T
2y o v, Litases 1 II:-H;?. Tlﬂ- o
el : o ST
’““’I 1?@5?@]’* %%m‘rgﬁ
Biock Diagram
-
OC Input™ ——’{l}—— - A «‘ A _<lm]»—---———?i
1 AN |
R .| | D\ W
" Famd Gan e i 2
2 N L =l o S

RI -1 ‘f‘;\—.[ J Rogulatod
Fag | [ ook { i u Ot
-- _ D -
m:“‘? J 1 [ s0hep 2 Ic“ 2.
L1 R T L ot S
2]y~ =TT
L sy I 18 il_["
Figure 1. Typical Application and Internal Biock Disgram
MAXRIUM RATINGS
Rating Symbol L Unh
Maxmum Supgly Volage Va 4= v
TROFF Pin gt Vokage LDIVIV LY, W
Dutput Voleoe 1o Ground (Sheady—Stew) 1.0 v
Powrer Dlaslpation
Came 3148 and 314D (TQ - 220, 5—Lead) Py Iniralty Lirmiledt w
Tharnal Pasistancs, Jundicr -o- Amsent Rals, [ e
Thasrsa) Pasistact, Snchon - - Cae R,z 50 TAY
Caona G36A [DPPAK) Py rdernadly Limaed w
Thaerial Resistaece. huncion - 1o - Amdlent Pa " TW
Traernal Resiatancs, Junclion - iD-Case L9 50 TWw
Surage Tenpershas Rarge Tug -85 1D + 160 o
Minimuen £ 50 Reting (Human Body Modet. C « 100 pf, R« 1.5 k1 - 20 v
Lowd Yemperature (Scidering. 10 seconds) - 200 G
Maomum unclion Temporstoe T, 150 €

Seremsss wxteeing Maxytnam
Pgcomeanded Operaing Cordnors i nol imgled
Gerdon rekabaly

hitp:/jonemnl.com
E)

POnre i dirimid sbove the

Rutmge detnace the drwce Muxirum Ralings are siress ralngs . Funciiohsl opwalion sbove the
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PiN FUNCTION DESCRIPTION

Pin | Symbol

Daacriplon (Refas t Figure 1)

1 Ve

This pin in thes pesities inpud supgaly lor e L2508 siep—down setiching regussion. it order 1D AEmize vokage & anol-
trhwmmmmmmw,ammmmmﬂhm
{f Figuare 1},

2 Cutpnt | This o 0y exristter of the intemal swiich. The sabadon vornge Vg of this cutput iich B typicady 1.5 V.  shiuld be
kept in mind Tt e PCE area connecked 12 s pin shoukd be kepl [o & MNEMUM @ order 10 minimize couphng I
irm Groy.
3 GHND Gl ground pin. See the informalion abold e prioksd circoll bosrn? lyout.
4 | Fosdhack | This pin Jx th dirset it of e efror ampPhen end e resisiorn nekeork A2, A1 i 0onAocted oodornally to allow pro-
gamming of ha output voltags
5 OROFF | % aliows the switching reguisor circull 1o bo shut down using logic level signals, thus dropping the totad inpead supply

curent io spproxrnaisly 80 pA. The threshold vollage b typcally 1.0 V. Applying a voltags above ti value (up b
+Vy) shuls She regulaion ofl. Hf e voltage appied (0 this pin ks lowes than 1.8 V or £ this pin 15 et open, tha
will b i thee "On” Conoion

OPERATING RATINGS (Opaating Ratings ndicals conditions ko yiih thir Sovice i intended 10 be funclional, but do oot guaranies
specifc peroTrancs M. For guivanieed specficators and issl coroisons, see the Elactical Charctsristics )

Rating Symbal Vahm Uit
Oparaing Junchion Temparatiue FRangs T Ao+ .
Supply Volage Ve 4510 40 v
LM2598
SYSTEM PARAMETERS

ELECTRICAL CHARACTERISTICS Specsicahons weth etarcdard type face arefor 7, 25°C, wrd thoms wrth bokdiacs rype apply
2rvet Wl Opereeng Tenpermbury Aangs 40 G 1125 C

c

Charscteraics Jomool | #n | Ty [ Mo | uea |

LA2558 (Mobe 1, Test Croust Fagure 15)

Frepclnck Woknge (Ve ~ 12V, hogg = 0.5 A You r 504} an_ma 12 v
Feancitac, Valtage (B 5V < Vp S 30V 05A C by JVA Vg = 50} Vim 1193 1287 L
118 1%
Effcamncy (Vi = 12, liegr = 30 A Yoy = $0V) n 5 Fic) b
Crarcisriatics Bymbol ] e i i
Fomacback Bite Curant (Vg - 50 ¥} S 2% 100 A
00
Cracialice’ Freguency (Hode 23 L 138 150 105 k2
120 180
Saduruiion Viohagms (1., « 30 A Nobis 3 & 4) You 1.5 18 v
20
Hax Doty Cycls DN (Mols 4) oG (-3 %
Current Lirndt {Pessk Cumant Noles 2 ard 1) loy i? 54 ap A
as 5
wwa;msma} b mA
Ouipnd = 0V a5 20
Oupd = -1 0V 20 20
Quinsgtnt Currerd (Noke 5) %) 50 W A
Stiwring Crbsracem Currant (DR/OFF Py - 50V [OFF)) Iq 80 00 A
(Nt &) Fo
OROFF PR LOGIC BIPUT
Trewshold Vokage 18 v
Yot = OV (Fgrieiey OFF Yy @2 v
z4
Vi = Mominal Outpest Volmge (R detor ON) Ve 10 v
(1]
OROFF Pin inpad Curremt
THOFF P « 5 0V (Requlasy OF T} [ - 15 £ r
TROFT Pr1 a OV [ragpulercr OM) fa - 0.01 50 Py
{. Exderal #uch el the aalch chode, ndursior, inped and culpd capaciions can aflect ngmmpuhm
When P LLE2SG0 In Lmect A Wiy In (e Figuns 15 bual ciroest, p-hm-lhlulmh
2 Tha ceclmicy eguincy raceces i mmznumgmw*Mummm“nw

LYY

no
FHM(PHQMMMW“MHH?V\JW“WM o

Vin= 40V
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Magnelic aclive buzzer YMD12065.05 5V

Frraduct Details
Name:

Manufacturer;
Manulacturer part No:
Order codda:

Vaflue:

Tolerance:

Package:

Rated Voltage:

Operating Temperature Range:

Max Rated Current :
Min Sound Outpul:

Min Resonant Frequency:

Hame: tdagnetic active buzzer YIAD 1206505 5V

Category: Buzzer
Manufacturer: QUARK-ELEC

Data sheel: Dovinload

Package: 12'6.5 Through hole

Value: Ltagnelic buzzer YMD12065-05 5V
Price: 2-10.£0.,15

11-50; FO.084
Up 152000 £0.078
Quantity(2-2000): 2 LS RIEY ) e

ttagnelic active huzzer YLD 1206505 &Y
QUARK-ELEC
YRID $2065-05

Qcl-00102

Magnelic buzzer YrD 12065-05 5V

12'6.5 Thiough hole
1%

20 to +70°C

3GmA

£5dB

2400Hz
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o w 9 o ci
AITUFUY (AN 1)

dao,,,,, 4 d. v W ¥ P
NIV 1 A9V VY (#271) NA ummssﬂ‘um1000mlumJﬂﬂmuu (ARANAURGY)

|ﬂ'|1'mﬂ’ﬂﬂ\‘l1ﬁ M3 4]x 100

o o o =S
WoTmuanNUHANDA
ﬂ111ll11“'5~1

|998.3—1000|x100
a 1000

=0.17%

¢ g = oA 1
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dd‘ w o WY s d'. .:i
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T
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T
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msdszdiuanizms ImaduuveudsastefeliiedseHIms a3 i lonaz

Vemuien

= = =3 L] 1 A'{ 1 F g & o
ﬂ’li“]J'i3lll'uT:Tﬂ'l'wﬂﬁllﬂﬁnﬂu‘ﬂﬂ\?lmﬂﬂﬂﬂ'l\‘)ﬂﬂmE)ﬂuiWﬁ’)’Nﬂ'lﬁﬁlﬂﬁﬂ‘iﬂQﬁ?cli]

3
Y (Y oy T = ] o
uaztleahon sz funzlsziivaimeaisineaien dee'lii
1) Cardiac output 3¥¥319M3 19as e lwuazileaiion W50 Pump flow
2) Arterial blood pressure

3) Tissue perfusion & oxygenation Taun Oxygen delivery (D0O,), Oxygen consumplion

(VO,), Oxygen Extraction Radio (OER), Mixed Venous saturation (SvO,)
4) Cardiac filling pressure: CVP
1) Cardiac output sz 31mslfinsesialouazleaiiss 3o Pump flow

4 - Y=} 1 9 [ 1 o [] qy -
dhuiinswivdegudvinialanazdeavesfiherznganmsiiamedemudalu

1 ) o ar U J U ar Qs . 1 o
ZH')Nﬂ’li‘N‘Iﬁﬂﬂchlﬂ mnﬁ'mmamh ‘]J’E]ﬂ AUDI AVUDEDIITH T ﬂ1U1H51Qﬂ1ﬂUQ%3

Ver 2 c? 1 o ~ o 9 !=1I. =] ] -1 a
ulﬂi‘ljmﬂﬂllﬂlﬂﬂ»‘lﬂﬂ-!“V'IN'ix']JUﬂ')Gli]LLﬂSﬂﬂﬂl‘ﬂﬂll‘i]zﬂ1ﬂu1ﬂ1Uﬂ15HUﬂﬂlﬂﬂﬂtlﬂu11‘1]1%]11?13
= ] o o y o< @ 4 A s

Lmﬂlﬂﬁﬂuuﬂﬁﬂﬂﬂ“ﬂwuuﬁzﬂ"Ii‘IJElullﬂﬂ’ﬂﬂ lmmmuﬂﬂﬂ Bﬂi"lﬂ"livl‘l’iﬁ‘uﬂﬂmﬁlﬂﬂlﬂﬂmﬂ

K L X ) 3 1 kY 2 a = 5
wseerialasaziloafion n5e Cardiac output luszvamsifiniesialsnazemomiue:

LIS o - 1 2y ' ald T {
ldninasdnanldninaives Bsa vesdiholundasiie Taolvuaenulumsnadall

1) ATHIRL KT BSA

1 1 g s Fa qr ] = &
A10019 flauiidmein 45 8 lanfu daugs 150 IFURNAT A0 Body Surface area

>
ANGATAIY
BSA  =(0.007184 x Wt""" x Ht ")
=0.007184 x 45 ** x |50 ™%
= 0.007184 x 5.04 x 37.82
o« ¥ 2
A9 BSA =137m

° w = 3 A A o 1 A ’ -l
2) AUIUNDAIINS Inaveadeanou1h vio saiims naveudenssemsls
aﬂ' Qs = =y 1 =y . d' o
wiesi1lauazileaiion ( Pump/Blood flow ) TasRnnnannfives CO = 2.4 Limin Hiuom
1 ad = o e ow Qs o a 9
¥1910A1 normal CO TunulnAhgnmgi 37° ¢ Tasvia Wmsidaia lafaounndiines lfan

= ] 1 v ] 1 4 c!l 4 c:d‘
qmwguﬂuaasnmuq‘lhﬂ"lﬁﬂgsxmw 28-32°C ﬂﬂnu‘luma procedure NONHVZADIGUHYUN
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: 1 = 1 r ¢=" -
mnndigy 18 ° C ielinsngans lnadened 19T ( Systemic Circulatory Arrest )

° ] : o
AIATUIUHT Pump flow vz 1Fi5ouluduiu

Tumalfianulndinidgiamsnseeialaazeasuszdvaduimm Pump

ar

3
¥ . .
flow 132 szuzfio szo Cooling L1012 788% Rewarming muqmmﬁ

Pump flow = CI x BSA

3
S F-9

2.1) Pump flow NPUNQU 32-28°C ﬂ%ﬂi%ﬂg Cooling=2.4 x 1.37=3.3 L/min

2.2) Pump flow Nl 32-37 ° C #30 5202 Rewarming = 3.0 x 1,37 = 4.2 L/min
& Iy AYy o~ N A d aa - = Y
cmilxchﬂlmswﬂwuqmﬁguqammmmﬂum’;z‘nn metabolic rate TILASNANUADING

Glumﬂ%’aan?fmuqa (High melabolic rate and high oxygen consumption)

2) Arterial blood pressure monitoring

¥
Tumsenaniia oty lutioudaus wwdea laeds cutf udazia lasnisaoadiod 1l
A o [ & 1 1= 3! =) .
wodauTsdu luvasaneauns lavasdlvgiionldvaoaonuns Radial artery 1512
w ¥ v g o Y = ad }e A P oW
ansadaldaneanauasdmnioda lduliluns findileting sdud uazidissnnmsrda
a = Ve Ay = =% ° J ~ A o =y 4
i lvdlumsehdandesiinisasgungissmoasdiniilnd Fsmsandmasvesgungiliing
o Y =1 ar L. ar 2 =] o L]
mlvinasaioanana ( Vasoconstriction ) HAZN1sHARNBIHADARanLHansenuvi 1
[-¥] Eg r-3 ol | I
usanu@eagsvy i lvionains lnadouvesdealigaruilaiwanas ( decrease peripheral
. A & v s X g ° Y = . .. P
tissue perfusion ) quiJsmgmﬁmuguu‘sammmﬂmmsnﬂﬂmnﬂ tissue injury-tissue
>
infraction LAY tissue ischemia 1@ REIY N13AIUNUATVDY Arterial blood pressure usgrng
E di ar I~} 3’1 Py o 3 1 =
m3lmasesialanazteaiouiy w2 1$795msdnamusdumudiulawvsinaomon
. . ] = I's )
Tuszuulvaidou ( Systemic Vascular Resistance: SVR ) 1133 lumsdmaziilszalssnos
e o W =\ dll ] ) L) = | 1 ar ar = H
SNEsEALBLTIANIR o 11 Aora uaziWer1e Ty Itnasadeadnnlawvasadasnmnu Tl
3 a ' W & 4 o = . .
wihldiRams lnadouveudealigetvizuaziindedularsanasilfing Tissue Injury
= Z. = . . o ' N - o o
ﬁ%ﬂ?i‘lui 09UUINA tissue Ischemia LAY Cell death AINA1IVIN poor tissue perfusion Fasuily
P A Ao o eany A o = Y = o @ el ° 1
atedemindiamsinssainlwaztdeaouszassitmnudidanaz T5asatuiunin
o, 1 ad . o 1 ] 9 2t ar
SVR 1Wussuzlunn « vagungiiaadiainsdnnma SVR luszniamsifinsesniale

uaziloaion 14gasasil SVR = MAP - CVP /€O x 80

' H [ '
Tauii MAP = AIRABANAUYDINADAIADALIAIDDDI M
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3
co = nums Inavesdealuniloui
Gznasldnseairlaazttoaiion 1l Pump Flow s ldunua co)

9o [ - a4 Ay o
SVR = usenumuminiasronasaonluszvu lvalouindesd
AUINAYDY SVR 9284321119 900-1200 dyne/sec/cm?

r t g o ~ as [] =y o
@001 dilwiitmin 4s Alansy dauga 150 IruRAT A8 Body Surface area 18 1.37

M’ fu2at Pump flow 39 Blood flow 19 3.3 L/min

[ P i ' ] ¥ A w =
011U monitor HAAIA1 MAP 'iﬁ:ﬁ'JNﬂI‘m.ﬂimHﬂmmzﬂﬂﬂmuu = 75 mmHg,

=

1 v
@OuHIA Nasopharyngeal 37 14 28 °C 151850/ 112041 SVR Taomsunumiaiugas Aol
SVR = MAP-CVP/COx80
= (75-0)/3.3%80
Fg

w2l SVR = 1,824 dyne/sec/cm2

nsuaranisndiin minnasvesgurgivh livasadeainsnadatine s

Audnanogatuang

¥ ¥ & - o A 1 &
nsud 1y Assldvueonaoaidsameaamsvaniswwosnasmioadulawsee
¢ ] = A @ W 1 & A A w 2 d &
¥2019n13 Inafeuveuden ludetorzamdarvuintuns eonifonidadunisifiums
1 o 1 ar o~
Twaioudoadauatw (ncrease Peripheral Tissue microcirculation) Hzaeilasiunisia

. 1 o - . @ ! 3
Peripheral tissue injury W30 ischemia T otnzaIulaiw’]a
3) MIMUIUHIA Tissue perfusion & oxygenation

=1 = o 4 or - . . , way

dhunsdsziiunasmanini lvadiouluszauyania 15o microcirculation 141A
Oxygen delivery (DO,), Oxygen consumption (VO,), Oxygen Extraclion Ratio (OER) U@z
Mixed Venous saturation SvO,

3.1. Oxygen delivery (DO,) ¥11083 A Wa@ w130 14A1511 Oxygen Vo313 TaY

zun Inandou AnnAves DO, i1 = 520-720 mi/min
E4 o L Y 2 4
YUADUMIAIUIUNT DO, UUT NI UABINI WD 0, content  lmiAoALAY =
(Hbx1.34xSa0,) + (p0,%0.003)

At il efing Hb = 7 gm% M Sa0, = 98% M pO, = 230 mmHg UA1 CO = 4.6 Vmin

.

I

UAUMMINGRT AT O, content (7%1.34%.98) + (230%0.003)
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9.2+0.7
wild O, content = 2.9
2) AU AT venous O, content 1%gmilaﬂﬁﬁﬂﬂ1ﬁﬂ1ﬁ1 O, content Clmﬁﬂmmq
0, content = (Hbx1.34x8a0,) + (p0,=0.003)

= (7%x1.34x%.70) + (100x0.003)

= 6.6+0.30
w14 O, content = 6.9
3
3) flTUIUN DO, MmugaI Al = Arterial content * (CO/BSA) x 10

= 9.9% (3.3x1.37) x1t0

i ld 456 ml/min

msuanalunndtin Miledian Do, szuiemsidiasasialwazdeaiion
[ Aﬂwd o = ] by ; 1 ~ = Lid
456 vaneaNNEIheneiiimithwmesnduaeudiwiiniiled duvasisnanansnii
A . = . . = o Y a
NP heart failure HAZAIZIABAIY hemodilution NiJunannms 1nTeailauas
e ¥ ¥ Y a ¥
Yoation vzanaun 1ua20m3 19 Blood component 1AA31 1900910 Intra 1182 extra — cellutar
¥ ' o Ly as o] v o
compartment 1A8N15 1% hemoconcentrator $2uAUM3s o1 uTaaaz iWudu mnnisdnm
g 1 v Aa 1 ] - 4 . '
vty lanTaseninaaen1vos DO, Ao haemo — globin oxygen saturation UAE cardiac output
] ] [) L] - ar ar qy; @ 9
dun1p0, lulinade oxygen  delivery 11030 Aanum sz Tamnnumudunie
- = ) Y A s ~ = 0 & 1A '
#luInatusznanms ldnseaialuazloaiioy ianusuiluediatansizuensinezae

@ . = o  w o (Y] 3
‘i”JmnumJ:: Tissue WIADNHIDULDT UQﬁﬁﬂ'ﬂﬂﬂﬂuﬂ1?$llﬂ5ﬂ°§ﬂuﬂ14ﬁuﬂﬂ§ﬂﬂjﬂ

3.2. Oxygen consumption (VO,) HUWGI AWADINT 1F Oxygen ¥9IT1INY 130
=1 1 1 éf Y ] » ¥ =
Wunstweniitewed1alaioamsoi oxygen I IMndeaiioela Anlnduoe vo,

= 100 - 180 m¥min

MIMUINUKIAT VO, TAUNUAIUNGAT VO, = arterialO, content — venous O,

content x CO A78U19 VO, =9.9-6.9 x 4.6 x 10 —> 138

o

a2 a Yt c%’d. 9 =Y ] =
namlanalumendin udieswiiiisasinisldesndusglunizilndfe

3]

' L Xy o 4 2 S A o Y Y Yy o

demand 0y supply ﬂgiun’nﬁﬁﬂ@ﬁ ﬂ@umﬂﬁﬂ1UQﬂQQﬂlﬂQucl'l—l"llmzﬂﬂ'lu'lﬂlﬂ?ﬂ ﬂ'lﬂlhﬂll
¥

= N @ o

= 5 1 o = 1 °
RUNQIINTG ( Core temperature ) #1 28 — 32 °C MR Iddeitfuing uadragluszositaumy



110

= . 9/ 4 w = ) A
PUHIL ( rewarming ) WUTLI1ﬁﬂﬂ')ﬂﬂﬁlﬂi'ﬂ@ﬂ3‘1mlﬂ3l’Elﬂ!.‘I"lUll WHADHUNLY blood flow LA

L] L'

3 4
F1o, shlutfeationdan tiesaslumsauga

3.3. Oxygen Extraction Ratio H1wde msilsziiiunnuliauqavesnnudoanis

Oxygen ﬁgﬂ‘m’f‘fﬁ milnAves OER = 22 -30 %

r
=1 =y

’!.]ﬂiﬂTiﬁ'lu’Jmﬂ‘Im Oxygen Extraction Ratio (OER) = V O, x 100% / DO, nMuHl
37°C
auudn Aun vo2 18 = 100 mmin 1azA1 DO2 = 556 UNUAINIGAT
OER  =100x100/556
3

I
azla = 18.0%

BT A o 3y ¥e 1 b 4 o
ﬂ?ﬁllﬂﬂﬂﬁiu'ﬂ‘l\iﬂﬂun 11109 OER NATUIN lﬁﬁ1ﬂ?1ﬂﬂﬂuuﬁﬂ1ﬂﬂﬁi']ﬂﬂ1U1Jﬂ1§

9 X g o A s & o - ' o 9 o
1“5 oxygen WINUYY ﬂ"luﬂﬂfd]ﬂﬂﬂ'ﬁlﬂiﬂ\iﬂ'}]c!i]ll.ﬁgﬂﬂﬂlﬂﬂu1uﬂ1ﬂ1§l£ﬁ’1ﬂllﬂ31ﬁ15?»"]\3 1

WU acidosis N6329 1ANAD1N blood gas ludeauazifhszdam Oxypen Extraction Ratio 92

= o A

umsnlavunlasediamnlussezimaafiugungll (rewarming) iuRvITUAUA WA VO,
o L]

ATUUMTHYUTIY blood flow, gas flow az FIO, Vehanuding o1 luansediumves

oER THogluaugovziinadenisiuve il luvaznduaionizlaazyoniion'ld

3.4, A1 Mixed oxygen venous saturation VU10HIMANLDNAIVDI0BNFOUATUAL
a o A o Al v Y 1w o = @ @
gl Inatulwdead i lnandudigiale linnlnd = 60 - 80% 151@mNsonTtRsERIvEY
: . ; . ' :
svo, lelauldinSeq svo, Aannsoi1ld 2 35 Ao misldais PA catheter 1$1Taunsaf PA
1az #39970 lagk 1 Flow probe Tunanasaeadvesszvumissizluazsilomfion mssa

1
1 T =}

1 o W o ¥ A a a o a ¥
!ﬂﬂ—!uf'fu.l’l'iﬂﬂ'lhlﬂﬂﬂ"Nﬁﬂtuﬂﬂﬂﬂﬂﬂiﬁﬂﬁnﬁ’lﬂ'ﬁrl‘lﬂﬂ'jﬂﬁﬂ'ﬁimlﬁxﬂﬂﬂlﬂﬂu Vl’ﬂ‘ﬂﬁ'lll']ﬁﬂ

v
A A S

9 o § ] 3 ) 4 ¥ v = 4
Tinsud v ldufiidanng llaugassudveendnunldides unouasoendond

s1amuoidt 14

nisulananndiln Tusznimislfinsesidlwaziloaiion dir1ves svo, g9

= Y Y LY o @ = oW

1 80% wenadmLRuRIewi lsuasenifiunszdeamithita szduuesgmugil onims
A dg @ ~ = ¥ o o = R |

"[ﬂﬁﬁlﬂﬁm'ﬂﬂﬂiﬂ (pump flow) NOTIVNINNUAIIUADING TTAUADITSIUAITUZANNAIINTIN

=t ar - o :: ) 3/ 19 [} Io 1

A259zlu uasszﬂwmaiuiﬂanum nJumu HARIATAIWUIAT SvO, #1171 60% Wa1U1D

by o =2 4 o o 3 [ = =g W o o ' o o

ABIATHANY S2AURUHQNATIVY 0nT1veudean 1d (Pump  flow) R 1nd1nATEAY

a a8 e o L o ed ty 1

7 1naiiud1a9 192 Hemodilution ¥3on12zhil oxygen supply Y0801 oxygen demand

msud v deemerumauazud Tl
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= 3

uennmIlasuunlasvesgungiissiinanssnuAe Oxygen transport 12 N2

. A o a4 doa 1 Vo
Hemodilution mnmﬂmmmﬂﬂml,asﬂaﬂmuuﬂﬂanwaﬂsm‘umﬂ Oxygen transport ulﬁﬂ’)ﬂ

1 e 3 - 1 P A o - A . o
WUAY NMzIevvBunealuTzI19ms 1T e launz loailonn’ » Hemodilution (311
o A A 1 Yo @ 4 o w ' 2 Y]
pnnznilsnonelinan1izaved ndwiiealy uasedsrzdmdawviadenvaz 14

d' o = ¥ o gey r:'! o ~ 3 ©° ] -
wisa laasdeamon1d iimljiiamsnsesi lunzleaioussdesinamannude

uyz 1 ' ar | o = A ¥ o
91919 NOU-FEHIN Haznd BN aerir louazlomiion Meannzunindou anoas1ns
(=1 ¥ g é’l’ 3 1 ] g’ L) ql 4 r

Aaure aronsuahveaiioge ludiuniee sauatlon naz lavmwizedeiuaieansns

a2 A e
AR NMTTNADA {massive dilution)

@ ' = =] J a8 A Qs ~
ﬂﬁﬂ'l‘l—l"]mﬂWﬂ”Iﬂ’)’liJﬁ]f)'i]N‘lJﬂQkﬁBﬂiﬂi%ﬂ"J’l\‘lﬂ’ﬁi"lﬁ.ﬂﬁﬂiﬁ’i’J'li]uﬁﬁﬂ'ﬂﬂmtm

¥
A0 IRoUNUMIANGAS ALl VIXCT = V2xC2

4 r
Motng Ay 951N = 45 A1aATY A1 Het 27% cireuit priming volume (31701989

¥ 1q
arsuutazani laas ) luleaiion) = 1500 cc

Blood volume of patient (V1) = TOce x45kg  =3150cc
Total volume on bypass (V2) = 3150+1500 = 4650 cc
Patient Hct baseline (C1) . 27
Predicted Het (C2) . Y
HNUAIGAT Vi xC2 - V2 % C2
3150%0.27 = 4650xC2
C2 & 850.5/4650
= 0.20xt0Q0
w1d c2 = 20%

= = 9} A oA = [ o dCi 3t aﬂ'
msudanaluniniiin smneds ilweziindunlansa vty 20% vuinldases

w A U~ = & ar o oA ¥ o ..
wilwazdeaton suitlukamisinmafanis@enendeniniiten ldnausy priming
sotution #ildeglinaseaaluazdeaisnums 1diaT oarinlanassafivins Snuseauves
ammnlansa Iiegh 28% ieiloaiun1e rissue hypoxia azdpan1s 1WA M1 oxygen (DO))

1 o o A A = ¥ g 1 o

athaiosne Tadutluotietafiszfoudy Packed Red Cell THundile udssAoaduumion

] ¥ aquw s 4 Ay oA 2 A e W oY e 1
mﬂﬂuu ﬂ1°lfﬂ'l§ﬂ'l“u’Jﬂ!‘r‘i'I“IE3J'Iillm’ﬂﬁ‘ﬂﬂ391Bﬂlﬂﬂjﬂﬂiﬁigﬂimfﬂﬂﬂ‘m»‘mu AIDUTRYY

VIxCl=V2xC2
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3150 (V1) x 027(C1)  =850.5 (3u1m PRC Dl luswenegilao)
4650 (V2) x 0.28 (C2) = 1302.0 (15114 PRC Npaidunite 19 1aHct 28%)
1302.0 - 850.5 =451.5 cc of PRC
Y
2218 —451.5/0.70 = 645 ml.

= =5 ] , oA v A oy o uyz d'! ¥ s 3
#aszaniayod 1y PRC 1 unit B1aw1lansa = 70% Aniuiiorzao i@y PRC #o4
11 0.70 11301 total A I T e ATl szAUvD Het 28% navaszoznmveIns

#na0tlonazloafioy
4) Cardiac filling pressure : CVP

? A a ! ¥ ] @ or
11 Cardiac filling pressure: CVP 3330 iminamlssiiivannzmamauvesiate
¥ '
FI619%09 RV preload 11ag RV filling pressure 19 1AL AIZ081981 right ventricle A1lnAYD

CVP =0 12 mmHg 6191 CVP gewianinilnd

' L . . , .

ﬂauﬁnwmgﬂwuuﬁmaxﬂum Right heart failure, volume overload, Tricuspid
: . . . s . .y L T
insufficiency, pulmonary hypertension, constrictive pericarditis 118 Cardiac tamponade U#01A7

¥0e CVP dnanlnd aamannazwidgihd] circulating volume aaag
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A =Y
insoaleanendie QUADROX-I oxygenator
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flondHo CAPIOX® FX oxygenator

loath

4
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4 a4
nIvlorinondie CAPIOX® RX oxygenator
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4 { o )
n303onendteo Dideco® oxygenator
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Heart-Lung Machine

Pump retums oxygenated blood
to the aorta, which delivers
it to the rest of the body.
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