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ABSTRACT

At the present the automatic industry may have some mistakes that cause of disturbing
from external factors, incorrectness of humans or decomposition of machines. It makes a lot of
bad results because of the lower efficiency of products. Thus, we will bring the Statistic
Processing Control (SPC) to control the system for accumulating the information, following
production system and finding variable; that effect on an action of the directing variable of
production process by making a controlling chart. I will use the SCADA software to show the

working system for displaying the whole system by computer.
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wa 4 o/ ] 1 9
2.9.1.4 aumuniamadudns s uazszazmslumsdetoyn
E4 ) 1
Tumsdedoyaamumiargiu RS-48510u  annsofezdideya lagenigais
1 { @ W Y <
10 Mbps tnzaedaya'ld Tnafigata 4000 Wa (1200 was) Tasanuduiusvesdasuialums

difeya  uazszezvlumsdedeya
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2.9.1.5 AnENIRMIMUFTYaINILNIY

Fynnasuniuezinanemsfemsnunasgiu Rs-485 oawn  duden
§asu3 uazszozmalumsdsdoya Idimanzey 1110901NUATEIU RS-485 Fumsdemsaz
1t Current Loop  tazidaniuasdndvesaaedyaasuniuludnbazyed Common-

mode noise

2.10 §IAIUAN (Controller)

A I o o a wa £ o £ S
nFesmunuiludiliznoudifyvesssuuniuquuundaTulid  dvimihiily

[ )

@ y ¥ w ) Yt v
MIAINITAWNITATWAYYIUATIHIUAIUAUNTISUIUNITAN ‘lﬂuwamuﬁuaﬂmﬂu'lﬂ

L]

v o @ ' & sy Y
AMUADINTT IﬂElﬁiUﬂl']ﬂlﬂ\iﬂﬁ'l’Jﬁ]SL‘]_lu"lﬂﬂ']iJﬂ;] ua:gﬂunwmmsmquzgm‘uqn'lﬂ

¥ ¥

@en'ld  uazdaanamiuguIziuegiufinnATIARABTYBINTAIUNY

wFesnuauasautsnlasedunsihanld s siafe  nFesniuquuuy
= a a0 9 o A ad a 3
Huandiiinulaeldduanuay - wFemUANLLVBIANNTOUNE Tagldg993
ad o = 5 :
SidnnsedindiTudu (Linear Circuits) lumsad wdygaaiun HAZINTBIATUANLLIY
an o 3 B o d g 9 @
AneaninuTaeld1993as5A2 Logic Circuits) w30 lulns symaesasndygiuniunu

s ad i tdy =) v a @ o

daaugueunainlflulnsenuil Aie DB5010 vee J&D  lag5udumwanIn Avia

9

= 4 3 3 A 1w 1
gaUNYN RTD UAZIOIAWATINAIAILAN o 4-20mA  TnefiFensemnauguauPLe Tngld

q 3

a8 RS-4851un1s1%euaer11 Modbus Protocol

MNT 225 LEAAINIIFBNABTLYIINN PC AL PLC wag PLC il AIAIUAN
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C

o 1 L

AC 85~265V T2 R85 RID
DC 15~50V{(Option) z

3 @};: :
1%

SET (5 Dawr; Key
Shift key

AT 227 uaeslnTeaiivueaniiisenilnu DB5010

Ina i 2.24 niheelisn PV e Argumgie3edt 1 1dnnszun uaz SV Ao A1
thymnelumsaivgu dnosmaoa Iurasramssiauiu OUTI waz OUT2 fe
HAPIEAIUMTEIRINUTBUO YA 1 1Az 2, AT AiD LAAINISIITUYEY Auto Tuning, Pro AD
uﬁmamuzmiﬁNmmaqiuiﬂmnmﬂqﬁsi?u, ALLWag AL2  Laasa@onumsaliiiauves

Alarml Lag 2
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2.11 mémmuammuiﬂmnm‘iﬁ' (Programmable logic Controller : PLC)

2.11.1 ANNTINEYBI PLC

Tusunsunniinaeinaea Insaaes (Programmable logic Controller: PLC) Hu
Qﬂnmfmugnmsﬁwmwmm%‘m%’ni wieszuunszuunsan g Taginieluidlulas-
Tswawedfhufuauesdamsmsnugumstieneausaild TasmsflouduTlsunsy

@ 4 w Call 3 o @ 3 v W <
fidadhlllu pLe Famaluda PLC wxiigidnssinne 11 e Siad drdanan iy iy
9 o« i dy x 4 '3 =1 & w ° o a
au  Teeginsaivanilezedlugduunussyennuas vazizlunulandumsiaunasadiu
yoerse luiligtiuuenninnies PLC aglduunmmendiisamisase PLCHate 9 @
Y o & o e s a R 9 da
awfu  eaugumsihauvesszunlntlse@nsnmmanntdy  vnmslFauninnu

T F4
davgulageluthumenalflulsanugaamns suaa g nldownld pLC 1niu

2.11.2 w3esmiuauuTilsunsala

wissmnauuunldsunsuld nie pLC  dluginselwilalsda-aan (Solid State) 0
WaUHULaBdn (Logic Function) N1580MILLINITNNTUAYBS PLC  sgAd1ofunanmsiiu

o E4 o ﬁy 9/ £ A i a -l
YaInouNAABS INVannINUT LAY zilszneumegilnsainizanil Solid-State Digital
Logic Elements  tWal#iaiutazdndulaiuuasin

a5 14 PLC dmiumanaunsesinsuleginsaian q lulswugammnisuaziide

\ I4 3 o = :I’ °

Buf3euniins 195l Relay)  Feduiluazdoaduaieiil mazasiumaiiaauduily

rdoutasunszuiunsean vsegigumsiaulny azdeudume i lnidufenan

uazdom 199ag9 udileilaouin19PLC 1> msuldsunszuIunsHaansedIAUMS
9 ] ¥ v
Woulndiuin 18 Teemsalaeu Tdsunsy Indminguy yananiiuds PLC sz

Tsan-aan Faitdedeniszuudy msiunssua idfhdesndi azazainniuiiofeans

4 »
‘l]El'lEl‘iTl!ﬁﬂHﬂ'liﬁN'lWUﬂ»‘lLﬂ%ﬂ\i%ﬂi

2.11.3 Tassa319189 PLC
o a ) (% ]

pLC lugnselpaufinnssdmiuldlucnugaevnssu dszneulide wize

szanananats viheanus miheiudeya miiedwdeya nazmizetleuTdsunsy dmiy
a 1 o 5 @ 4 a4 19 o 1

PLC mnadndautlsznewianuaiiusssufuilueTeudsd uaduiluvuna ngjemnso
weneanitiuaiutlsznoudes q 14

wiheanuiwes PLC1sznoudis  wilgaudwiia RAM uas ROM 9

1 o & o { g g ) a we

wiheanuswiia RAM  iwmthiiduTsunsuvesdls wasdoyadmsu1dlumslgiaey

| 1 o = ¢ { g o s wa
404 PLC dauvthiwanuiisia RoM  dvihiiiu Talsunsudmiuldlumsd fidauves
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PLC am T1lsunsuaesd1d ROM do11910 Read Only Memory g ldsunsuldusay
1418 drdrgaudrgonluld

1. RAM (Random Access Memory) e lsznniiameiEn g
s0'l3 it l9idudoyaiiemalidy mss  uazdoulusunsuaslu RAM ilddenn 3q
manzfumsanlussesnaneunsssiitmsalaounlawdlyTsunsudes 4

2. EPROM (Erasable Programmable Read Only Memory) HUWANUNTUA
EPROM I 1zdesldintectiofmulumsdouTsunsy  msavuTusunsuii1dTaelduas
Fans1laToian wieanuaadeuquin g Feidenasei Isunsues liqamoudlWdy e
manefums aui ludeansndeuTusunsa

3. EEPROM (Electrical Erasable Programmable Read Only Memory) Ny
anuiwiai lidesldins ooy luns@ou vazauTasunsy Taeld38memaliih
miloufu RAM  wennintus i ufudesiuumnes drsos Iifle 1Wsu snaesuwandiua

wuguauianaves RAM uag EPROM 1811380y

el B PROBGUT -
S
figa -
o Bisimamas
L
i

Mnn 2.28 TasaadiavespLc

2.11.4 aauilsznauved PLC

uilgean 14 3 daudaeiu A

'
1 =

1. duidluniieilszuananan (Control Processing Unit)

]
1 =

2. daunifluduna/ierdne (fnput output : 1/0)

<!
wiilugilnsainis Tusunsy (Programming Device)

.

3.
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1. @awunslumienlszulananals (CPU)
I~/ ) Qs £ 9 a
cPU dudmuduauewwesszuy  Femeluszilszneylidisesasining
a a o [ 7o 4
(Logic Gate) ¥iiade q wanewiia uazil luTas Tsiwames I¥dmivunugnsaiimaniiad
4 & »
(Relay) 1Pmiined (Counter) nred (Timen) uaz#inumos (Sequencers)  twe IHA1H1A

9 o 4 a .
sonuuuldasiaduanaes a93n (Relay Ladder Logic) 14 1118

Auussnraaniaiv

sRaeT IS PLT onfewlh
SounUIEENEIeRt oUB NI
PLC dorg

asupsslisroansos

TnstiESerRamaliouooun s
SUERUSEETIGY

" an

Muh 2.29 drualszaeuves CPU

o 9 o 1 = Pl
msilszuranaved CPU 9n Tdsunsud 1d IneSudoyannriieouna Lazo1nne
vy 9 = Vo o ] o = 1 A
ua:ﬁway,aqwmﬂﬂ'lmumﬂmiﬂizmawa"lﬂmwmmamwmianm MIAuaY (Scan) %9
9 o : 3 . )
1 a I UNE S oA a1EUAY (Sean Time)  nanlumsaunuuaazsonldnanlszuiu
9 Y v

= a aa A @ AR 1w 9 A o a <
1 64 100 422U W WUIUBYNUYBYD llagﬂ'nllﬂTJgUﬂ\iTﬂillﬂill Wi’ﬂﬁ]’lu')u’ﬂuﬂﬂ/lﬂ’lﬂ‘v‘!@l

A o g 1 1 A = o <3 9 C4 T dy ° LY
w3ai1IURRTEiAdevIN PLC i InTediu semn luau gilnsaimariiazildnalu
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msEnUEIIILAY  mIsudumsaunuEnniuidwesdnnsvsagunsalnnmiiag
suwanifu B lumiteanui1 Memory) @Sy szdiimsfiaaw Tulsunsuanuioe
ardnfusudugaudade limiedadiuvesduna  uaziordua (VO Unio
dUveIBUNA LAZIORHA (/O Unif) ﬂwiai'anﬁ'wmmuqmﬁa%’uﬁmaz (az
Fayanaid 9 U miwdunesudgana nieannzudqda il cpu eodszuiana il
CPU dszananaudnsdaliduveedna e larnsalauauii Tlsunsuenld

1
a =

o a o @ a aQ 1 o i
ﬁtunpf,uauwmwnmﬂuanmﬂumm LHaZAIATNRNIUBUAAN 9 ﬂzqnttﬂaﬂ?’i’tﬂuﬁmmmﬁ
4

11 A 1 o’ 1 o
mnzaugndes litwedlu Ac wie Deteddl¥ cPU  Auludyanamariisdesiinmu

3
nné’fm"lmwﬁuué’q CPU ﬂgl,id\‘ﬂﬂ'mllél

9

1
= o

Fyyusunaiinsdesdiquauda wagvrhagd

1. il dwgraudI8ssauiimizauin PLC

2. msdadaassniNBUWARL CPU ~ asfindonufiediuds  deeruginaal
UszianTWlansndamed edesmsuendaanamielifliesnatnfu

Y & o ¥ "o A
3. wthdudaezded liduazinen

2.12 in3esilenlalsinsy (Programming Device)
9 A E A 99 ' o
wihfveunsestlouldsunsu fie  aswguldsunsuvesdldaslumizennuiives

pLC uenmniuudfsimihadedeszwindldfupLe ielidldannsansaams

a wa & [ A yq ¥
UfiRnuues PLC asnanisnauauiiessns uagnszuaumsaiuldsunsuniuguingly
a & yos 9
@eudn1donae

dmiuinseiuiiez 14 PLC ¥99 KOYO 31 DLO6

-

INEXEAXY]

MW 2.30 PLC 984 KOYO 34 DL 06
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2.12.1 auilszneuves PLC Y83 KOYO Ju DLO06
Uszneudsvenisanae diuudama iaaiaany  uasdadnusisefuiouaad

aguuMumiues PLC 3u DL 06 Aundneans

Power Inpuls Ouiput Circuit
Mounting Tab Discrete Outputs ul Status Power Input Status
. s m::l’dicalm (for DC output versions only) Indicators

1l el o
BRETo1s -
s Ty o
Y@QOQOQQGOO@OO#@O _ . DO-OSDR e
)gg'ggaébéoéoooéééoaaéﬁ e adion L
Ports

= o)

Discrete inpuls Input Status Option Slots Mode Switch
Indicators Mounting Tab

MmN 2.31 Laasdiulszneuved PLC 984 KOYO 31 DL 06

2.12.2 mseanuuvasanelivhaeuen

@ 1 a 1 Ty @ A4 A =1 Y
dw$u PLC Ju KOYO DLO6 ilintsdsunasdieliiidan v | deweumadiwa

TiemuLaguaILvBINIIAngo

P9 110/220 VAC Power Input 12/24VDC Power Input
INTS L5
{ M q L S |
Weooaa o Y EYXYYEEX
©66608660 26 00C00000

N.C. 2 1 Y5 i b Y
CUTRUT 17-240v~ 50- G"’:’ 034 PWR_100-240V ~~ 50-20 QUTFUT Sinki l; utput :f:ﬁ"'.’= 1:; th‘-‘ié: l:-:.r: iﬂ'.'-'
YOO 000000000006 (Y00006000006000000
e 1.2 3 4 3 9 1 2 3 4 35 6 7 o 11 12 13 14 13 1§
xX0000060000068¢ |x0000000600600066
UT: 120¢~ 7-1 INPUT: 12 - 24V + 3- 1ZmA

AN 2.32 udaansasuradsy v
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2123 nsAaRenLInIaneNINeTdIUYARa
< 4 . 4 a i
annsoTusunsu1danTusunsylad naoni (DirectSOFT)  UUIAToIABUNIADS

Taeldaandansdinndaaa

Use cable part # . @
D2-DSCBL... =
- \/

MR 2.33 naEaanmsi¥enae PLC Ny PC

2.12.4 MELaAINaved PLC 499 KOYO 34 DLOG
mMsuaaravedliudainaves PLC . ezuenldnsiudsdamunisaliniuves PLC

9 ¥ ¥
vty Faeei Muaaianiug aams i 2.4

M31971 2.4 taasraved lianinaves PLC

Indicator Status Meaning
ON Power good
PR OFF Power failure
on CPU'is in'Run Mode
RUN OFF CPY is in Stop or program Mode
Blinking GPU i in firmware update mode
ON GPU self diagnostics error
CPU OFF CPU self diagnostics good
Blinking Low battery
™ ON Data is being transmitted by the CPU - Port 1
OFF No-data is being transmitted by the CPU - Port 1
RX1 ON Data is being received by the CPU - Port 1
OFF No data is being received by the CPU - Port 1
™ ON Data is being transmitted by the CPU - Port 2
OFF No data is being transmitted by the CPU - Port 2
RX2 ON Data is baing received by the CPU - Port 2
OFF No data is being received by the CPU - Port 2
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statis indicators

/

L~ mode switch

MW 2.34 uaaana Iaaius CPU ves PLC

swasnanmeuenudinnisilawdiudygiaasasa - el CPU voundes
PLC amnsavhimstszinanald  §eif Analog Input Module etinasuihufledesnisi
ZinsmuRuILIUmsiImsdedaanumuquesnuiiiudygpaeuiaen  @amnsn
(Bon1¥ Analog Input Module Tamuaimumanzaufuanudeans1a  ilesninlutesnan
o711 8on$ 1191 Channel 1§ 19 2 Channel, 4 Chamnel wiovsiidunn  wazorinaly

1 3
Tugadudsanuld ssdusulnssauiidonld Analog Input Module 4 Channel

2.13 Analog Input Medule

3 { w  a
Analog Input Module 1iugilnssinldfudanu

AT 2.35 LaAs Analog Input Module 4 Channel
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o’ A 1 "] H 1 o/ o 1 H =Y :
luftnTed PLC DLO6 aziivasdmsuiiey 19neduTuganinueguds  mshiezdaana
= o W Y1 = L) = 1 ot 1 9 o A =3

aunsofisgi ladtnieaaiimsd@euadlugesnleguailuaaunsed PLC  A9gaIN1so

o Ed Y o
fms 1dauldvun

Slot 4

f
Ses NOTE \ Wi ¥
i Module
CH1 + 1 Wirng

i

1

2.WIRE i f .
Current = =4 A -
Transmilter Nt l iR K:?] .
= —N
5 I
CH2 + - A
L oane AN 2 sy N 1250
Current - /
B e — ,
2 >
25 2 1IN
. U
CH4 ] ____M 1260 .% AwD
L Bar® m PR ey i ;ﬂ Convarter
Current - i [ b1 ; = g £
Te ", 7 N A% 4
e @ - WA
125 Q
AN o)
4-WIRE ‘ﬂ"’\—"h_r‘ ; I
e
1250

= Current ' 4 | ' 08 Bl
‘ Trar N Y.

. . i
1 _on & AN e -
- %
Transmitter
NOTE 1 Grounc shisjds at the signal source, Power Supgly
NOTE 2 Connect all external power supply commens,
NOTE 3: Aseries 217, 0,032A fast acting fuse is 18-30VDC

recommended for current loops.

MW 2.37 aadlasead1anioluued Analog Input Module 4 channel

V-Memory Mherdeany Analog Input Module flvzdl Data type 18 UYB4 Channel 'E]g'ﬁ

V7700 tiaz i Storage Pointer 84¥1 V7701
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13197 2.5 1@AY V-Memory Y84 Analog Input Module DL-06

Analog Input Module
DLO6 Special V-memory Locations
Slot No. 1 2 3 4
Data Type and Number of Channels V700 V710 V720 V730
Storage Pointer V701 {78} vi2i V71

2.13.1 m3ada Scale mlfau
a1 1awesms Scale Auzfigasamsdnnumanmm  Tassanuhaziinasen

s oo o L9 ] ¥ 1 o o {
dszaninmlumaiingdunuaaiwadiaiinvaz Boadevu1euin faziilnadnies

A ) é’" %
HEAINalNINASIBIANINTUATY

4 —20mA

—_———— Resolution = H-L

4095
H = high limit of the signal range

20mA

4mA L = low limit of the signal range

0 4095

M 2.38 uaaagasii1H1umsih Scale Y8 Analog Input Module 314 FO-04AD-1

s

k-3 1 A -3 3 o as
nmsfmpamaremmnsulasdygnaeaen {huduanafinea uaz

o

o A Y aa o o a = o o dy
mssnnamademlasdyapuainea hidludygnuewasn - nezlimsAn A



x @ aa < < an
ﬂ'l‘i'l\‘lﬁ 2.6 uﬁmmmﬂmatuutuumﬂwamﬂuﬂmaan u.a::uﬂmamaamﬂuﬂwaa

Range If you know the digital value If you know the analog signal level

= 16D - 4095 .

4o 20mA A 3095 + 4 D 1 (A-4)
= 200 - 409

0 to 20mA A 4095 D 16

For example, if you have measured the signal as

10mA, you can use the formula to determine the 65535

digital value chat will be stored in the V-memory D= 20 A

location that contains the data.

D= 8% 1oma

20
D= 32767
a191ai 2.7 uaadsiadieu gy Analog Input Module
DLO0G6 SpecialRelays
DLO6 Special Relays
Slot 1
§P140 Chan 1 input type 0=0-20mA 1=4-20mA
§P141 Chan 2 input type 0=0-20mA 1=4-20mA
§P142 Chan 3 input type 0=0-20mA 1=4-20mA
SP143 Chan 4 input type 0=0-20mA 1=4-20mA
SP150 Chan 1 input open 1 = xmitter signal open 0 = xmitter signal good
sP151 Chan 2 input open 1 = xmitter signal open 0= xmitter signai good
§P152 Chan 3 input open 1 = xmitter signal open 0 = xmitter signal good
SP153 Chan 4 input apen 1= xmitter signal open 0= xmitter signal good
Slot 2
SP240 Chan 1 input type 0=0-20mA 1=4-20mA
spPaa1 Chan 2 input type 0=0-20mA 1=4-20mA
SP242 Chan 3 input fype 0=0-20mA 1=4-20mA
SP243 Chan 4 input type 0=0-20mA 1=4-20mA
SP250 Chan 1 input open 1 = xmitter signal open 0= xmitter signal good
SP251 Chan 2 input open 1 = xmitter signal open 0 = xmiiter signal good
S$P252 Chan 3 input open 1 = xmitter signal open 0= xmitter signal good
S$P253 Chan 4 input open 1 = xmitter signal open 0=

xmitter signal good




M990 2.7 (@9) uaassadniani 151U Analog Input Module

Ti-4-20mA

Chan 1 input type 0=0-20mA
SP3gt Chan 2 inputtype 0=0~20mA 1=4-20mA
§P342 Chan-3 input type 0=0-20mA 1 =4-20mA
$P343 Chan-4 input iype 0=0-20mA =4 -20mA
SP350 Chan1 input.open 1 = xmitter-signal open 0 = xmitter-signal good
8Pa51 Chan 2'input open 1 = xmitter signal bpen 0 = xmitter signal good
SP352. Chan-dinput-opsn 1 = xmitier signal open 0= xmitter signal good
§P353 Ghan 4.inputopen - |1 =xmitter Signalopen 0 = xmitter signal good

SPaa0  |Chan 1 mpullype

T=0-20mh

oA 20mA

sPa4t Chan 2inputtype ~ |0=0-20mA 1 =4-20mA
§P442° Chan 3 input typs 0=0-20mA 1 =4-20mA
S$P443 Chan 4.inputtype 0=:0-20mA Y= 4-20mA

SP450 Chan 1 input-open

1 =xmitier signal apen

0 = xmitter signal good

SP451 Chan 2.inputopen

1 =xmittersignal open

0 = xmitter signal good

SPaA52: Chan 3 inputopen

1 =Xmittér signal'open

0= wmitter signal good

SP453 Chan 4 inptitopen

1 = xmitter signalopen

0 = xmitter signal good

2.14 11914053 DirectSOFT32

v
= a
TumsiWeu lilsunsuaslu PLC yut1aaniy DirectLogic05 Ul

DirectSOFT32 lun151Weu Ladder

a4'l11u CPU w83 PLC -

MslFulsuns DirectSOFT32

YUNBUUTD

A o s d? I Y @ -
droviimsalalalsunsy DirectSOFT32 Tuaihuzilsinguina1eninini 236

NewProject window

Your Poject name

Select PLC family...

Select CPU type

FailuTlsunsumsihnuues PLC 182113015 Memory

MNT 2.39 1aaamsila New Project 110151381 Ladder Program

214 11lsunsw
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L g 4 g v 1 A o A
Fethaniiezslumsadia New Project 3w tieshms@ouTusunsy Tasas
H 1 ¥ » ¥
AaNTiToe Name (0140 New Project Waantiu tAanwia uazjuves PLC 3w luferila

= < 1 {
994 CPU 1idandn OK Aazilsinguidieaiusini 221

Juneuaes
° ] Y o A a 4 9 o A v 9 o )
150 PLC ihfnsenenfinges  udrims@eudemiulagldlisunsy

E4 '
DirectSOFT32 Tno&191n RUN Tl5unsu DirectSOFT32 ¥ i lifenfinaunygdnium

@onfi PLC > Connect 32 1@Hanunini 2.22

F'LC Kovo :

DLOS: DLO

Delete

1 ¥ LinkEnabled e

AT 2.41 AR ENAD PLC AUADNRABS 11aziiinis Link Aulilsunsy

DirectSOFT32
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# DirectSOF 132 Programming - UNTITLED

Fle Edt Seach Wew Toos PLC Debuy Windom Hep
mEArAARA]  ESRaR

B Ladder Yiew

{ 3
\ /
e R e S . 1

0000002048 05 0001:001:001

AN 242 aaantenssawouldsunsuldiy PLe

9 ¥ ¥
nSntunanioni Name 1U¥049 Link LA2AAN Select 12 1Anaa1n 1w 2.25

Online/Offline Differences

There are differences between the online and offiine programs.

Select sowrce of program Lo view. :

NOTE: This operation only loads the selected program into memory. It ]
does NOT overwite the program not selected. To write the :
program, select \Write Program or Save Project and specify the
desired destination. |

3 L LNy | WAL LTS 3 LA et L i, 1 L

[ usepc ™) wseDik || Delaie )| ) Cancdl ]

MW 2.43 msdenlideyaiu PLCuunla

a @ o 1 H 1
udananiaen Use PLC Tdsunsufezsiimserulisinsuiedlu CPU vee PLC
4 H o y 1 1 1 " a °
tWeflaziiin1s RUN Tosunsuiideeglu PLCdrqa uadi@en Use Disk Tusunsunaginis

wisunZeuneztiuiinlusunsylnyaslu CPU vea PLC  danaaslunini 2.41

qud PN MY o [ [ = = T 6 ¥ o Y 6 ¥ ¢ Y [
nanstiluenansnanulidwmsunisldnuienisfneivinuu ldeygslihlulduselosiniunisan

laidnsdllag vivdu Bneinudlrsnulasilemuazfoswnedediadnvesenarsnnassniinisialuly
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# DirectSOF 132 Programming - UNTITLED
Fle Edt Search View Tools PLC Debug Window Help

e AL ARAL R I B - 1R -1
et A LA P AP AR
oK Online Program

Bl Ladder View

00011/02048 05 0001:001:001

MW 2.44 (881 Use Disk teviinsionTalsunsu PLC na

2 4
Juneuna N

T 1 3
as@guTlsunsuninlalagnmsnani Edit Mode Off A3 wdamriade

<Ry Bdit Mode On thinaasimIsufiosiinisdouida - udrvzalsmngdadnuel
msiFeu Ladder fan Wil 2.27
Normally Open contact
Normally Closed contact

Normally open Immediate

Normaly Closed Immediate
Equal to contact

HNot equal to contact

Greater-than-or -equalio

1 | | B 4 [ [V e o[ B B

.
Carbw | Sty

‘]’ Wlre connection to Stage
ire to output

Browe Element
Browse bax

Browse coil
Browse contact

Less-than-or equal to

3 < o @
A 245 ugasudendydnueinis@en Ladder
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Funeria

msdeuTsunswaslu PLC  tilein3ee PLC tazaeuametIdiFendetus oo
uE R asafez@euTdsunsuaalu PLC 14 TagruT11/51n T3 DirectSOFT32 G 18Tae
m3nani lonoufiaedlunniitaesmdheieveaunumydmu Failuns write Talsunsy

aslu PLC dan1wi 2.28

£ DirectSOFT32 Programming - UNTITLED
Fle Edt Search View Took PLC Debug Window Help

@MﬁJ@J_Hwauﬁ&ww&

2] 2| Sy
Status | Data | Value | Mode ! Info |Syntax
oK I Online “Prodram
Clickonllllbuﬁ:onto CJckh change PLC mede
write program inte PLC

ATAR 2,46 1aaenTs 1947 Mode 1u PLC

9 1 v
LAt RUN Talsunsu lasadni loaeu Mode Faaaalumni 2.29

udandn RUN PLC nozidig Tvua RUN

PLC Modes
 Cusent PLC Mode: PROGRAM
New PLC Mode: @ Run
 Program
T Test

oK Cancel | Help =4

NNT 2.47 LLﬂ'ﬂ\iﬂﬁLaﬂﬂTHUﬂﬂﬁﬁ%ﬂu

o Talsunsweglu RUN Mode Tsunsunasidainadainini 2.45
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UNTITLED
Fle Edt Search View Tooks PLC Debug Window Help

sl2lolele gl ] |n]e] Al Zlals)

Al sl b AT

# DirectSOF T32 Programming

Trluaaalving RUN

oK Online

M 2.48 waadnisniauldsunsuluTvua RUN

2.141 MseNABNETA Modbus
(laTal31n51 Direct SOFT 32 tdanuiy PLC Tl Setup (38N Secondary Comm Port 2

AININAN 2.46

mmmmrodsacmmm

WD T | e Iz e oh
H Memymp
oK Onlme' . PLCNbdes CtrbeShift+R
: Configure Q...
| ﬁi‘% Pagsword...
| o Diogrostics > = i
‘i Clgar PLC Memory...
! Copy config data from PLC to Disk... N .;cnmq Name
25 _%_____ Copy config data from Disk to PLC... wakch Dog Timer... —_—
Iniialize Scratch Pad,
anda K99ag9
26 Iz =
7 —l
VALVE B

ANT 2,49 LEAIMIIFoUABNES AT 2 U8 PLC

qud PN MY o [ [ = = T 6 ¥ o Y 6 ¥ ¢ Y [
nanstiluenansnanulidwmsunisldnuienisfneivinuu ldeygslihlulduselosiniunisan

laidnsdllag vivdu Bneinudlrsnulasilemuazfoswnedediadnvesenarsnnassniinisialuly



43

2 i A 1 iq 9 .
Tntudaennesa 2 #l¥lumsideuns  aenTisTaneahld Av Modbus 11azStation

M i 4 1o . ) 9 ) o
number Tdasafiuginsai1#1Founs f1vua Baud rate, Stop bits 1Az Parity Tasafugilngol

o 4 "o
NYOUADAINTN

Setup Communication Ports

Pat]sz " Clote l
Protocek |~ K-Sequence
I~ DiectNET D.'_L‘;.J
¥ M0ODBUS
I~ NonSequence
™ Remote1/0
Tme-out: %w::m:, 'I
RTS on delay time: {0 ms *
RTS off delaptime: 10ms v
Station Nmber: {1 o
Baudmo:{wsoo v} + Echo Suppresson="
|| ¥/ BS-422/485 {4-wire]
Stop B3| 1 ~1 BSTRC (2 wire)—t
" RSABS )
Party. [0d 3 H_= Pyt
Pot 2 15Pw [ 708 )@ RS

Aﬂ' ° d‘ ¥ 4 ::
AN 2.50 NITNMHUANTILTOUADUDINDIAN 2

2,142 masmaz@aumainatnsaifiendelaaliveniianiu PLC

h ) B[4 1 4 d
Tudquitishunisle DLos Tunsaanodaasnii Modbus RTU Taeit PLC iU
¥ 1 ¥

Sims  Teslunisstuanzldimids MRX . wazlumsilountsin ModbusRTU 1 2214

o 2 o o o vy o
fda MWX F9PLC t3dans hlgadigdnsainAesnsmun

Master

MTQ‘ BLSRIL P o or DirectNET =)

Save =1 Save =2 Siave 53

muit 2,51 waaamItifeuReszrin PLC uazgilnsailagld MODBUS RTU
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@195191 2.8 Function Code 7114114 MODBUS RTU

i Réad'a group of collg: R, 1,07
62 Read 4 groun of inputs X, 8P
85 Set 7 Reseta single-coil (siave only) Y.CR,T.CT
15 Set# Reset @ group of coiis Y.€R,T,07
03,04 Read a value from ong.or Thore ragisters ]
08 Write a value info-a single répister (Slave oaly) Y
o7 Read Exception Status v
) Diagnostics y
16 Write'a valus Bito agroup of fegisters ¥

2.14.3 Msl¥m&s MODBUSa 1A BIAHA (MRX/WRX)
. ; " .\ W
mssfidenngUnsalAld Modous RTU . Tagaziideyaiieru liulihin 13Ty

V-Memory fiPLC Tﬂﬂﬁﬂzﬁ)ﬂ\ﬂ‘]ﬂf} Modbus Function Code, address "’Um‘qﬂﬂi ilf, addresses (51

Ca ik

9/ g o ¥ [ o 4 @
duvee PLC nazqunsal Sruauvesgilnsaiiendeya nsdanisdoya uazimlednissy

WAL LB AININA 2.49

2N 2.52 m3lFaida MRX
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WixR| @
MwX
Port Number : K2 "
Slave Address K1 =

E%_: |15 - Force Multiple Coils _':J

Start Slave Memory Address :
Start Master Memory Address :

K16 .

“fvzsi0—+}

.

MnA 2.53 My ldmda Mwx

2.15 OLE for Process Control (OPC Server)
£ i 1 td

orc ifhanasgulunisdedis uazuanildsudeyaszuanglosainugun
gaamnsTufuuenwamsuuizumifiansiuled  Sddfueduninme nag1dsy

(Y ﬂ ~ ﬂ 2 = 2 =1 &
mssensundhunasgiidunan  Hedssnmnigeneenusalunsdeas - uazms
wamluszumaiedis  Tauduaainegada Device Communication OPC Server Fevimiiti
w C 5 ¥ 1 )
fudeyannginssiens g FauifFeuimiloudt orc sufudminaelumsuladeya  n

Software Window tefiae 1%in3 a1 PLC it lagaisondn 115 Tnneariuies

Genesis32 oprC PLC

: 4
M 2.54 uaasmaiyeuloadeyalaald orc

o 3 a T ow 1 I'$ 4
dmiuTnsaauii 1814 OPC Server 184 Kepware  lumsAaaenusznIaannugs

Genesis32 NU PLC
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mIRsAueNAeny PLC
H ° 4 o i
{laTsunsy Kepware ServerEx dun1 msadialddneuilgsdulmilasidenuy

File > New 21510931 lonou danimn 2.52

AN 2.55 Laaantnee 1u5unsy Kepware

#IM5UAY Channel 1w (1At Channel WUTER9TBININTAAABIEVIN PLC 7l OPC
Server) Tagaanit lenugiwesnlunthandwdne  svusinguihatedsning 253 e 1d

.;’f 4 3 a 1
(517948 Channel 1¥AaN1]1 Next

{A channel name canbe from 110 255
cheracters inlength.

it must Bagin witha letterbut the remaining
characiers can be any combinabion of jefters,

MNN 2.56 M1n1518en Channel
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Y o i @ { a
T¥in13t@en K-Sequence 310 Dropdown list 74019l 2.53 1&IAAN Next

Select the device driver you want to assign to
the channel.

[The drop-down list below contains the names of
all the drivers that are installed on your system.

MW 2.57 1380 Device driver

n’l 3y A o d‘n 1w 1 a 2 1
nniulithenwesnves PC Naadeny PLC 8gaTeuainatlu Next

10: hod
Baudrats. [9600 0 7]
ntas [T ]

pory: oD [ 2]
Stop bits: =1 ¥ 7
Rowcontrol:  {None -

MW 2.58 SviuAnBuNesA

¥ ]
intiunailu Next dellauay uaznduindainthanTdsunsundndamnd 2.56 - 1%

2 i o 4 2 _
aanlensufifif1 Click to add a device tiVIilUn15INY Device
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D@ edeEX 2%

Tag Name 5

: 2 4 2
MWA 2.59 AanABINNY device

9 i . 3 a’/‘ A& ¢ 4: 1
NUNTAN New Device 11#Ae¥8 Device (agnan1ly Next

A device e Ganbe from 110 256 characiens
A |
:.Imnbmﬁhaluterutham
‘charactars can be any combination of letters,
numbers and tha underscore character.

i
1

Device name:

AN Nest > Cancel | oo |

- g vo 4 .
M 2.60 HeaaniIa1e1rnae¥e Device
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nimiudsniuves pLC iflu Dos

The device you are defining uses a device
driverthat supports more than one model. The
Jist balow shows all supported models.

Select a model that best describes the device
you are defining.

NI /2

d‘ 3 9 A 1 4 = o A 9
MW 2.61 uaaam A 1M@e g1 Device NATIAUNII 1Y

49

1 9 1
ASN Next SuB8RINUTIAgaRanNA aintlunduunAntlysunsuvan s

#3139 OPC Tag (a1 ¥AnAaiil Register Address @14 ¢) Y84 PLC

General, | Sealing |

l Hddrass: Y001
| &
A Sescrtt -} ._.__.'
Data propedties — = =~ — : 9
Data type: !Boo&ean v| l
Client access:  |Read/Write - |

¥ Do not allow clients to ovemde data type.

o | _omes | ] e |

4 o Q ¥ wa 1 9 o
ﬂ'l“ﬁ 2.62 ‘Vl'lﬂ"ﬁﬂ'lﬂuﬂﬂ'lf]ﬂl’cﬁlﬂﬂﬂﬂ'ﬂiﬂﬂl] Tag
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s 5 dy o o vo 4 dw .
AIUITOMINITINHUA Tag NADINITAINTINN 2.60 11’?91\33@ Tag NeIN1I LLaZ‘Iﬁ
Address 199 I/0 9483 PLC

5819891153 Address 939984 VO 994 PLC  €11130932988U510a100A Address

'Q 1 L% E:) 1 { 1 1 A
vo PLC fidndeilogiuTaeadniy 2 fogduunveses Address titensnnaougld

C0-C1777 (Octal) Boolean oK
CT0-CT177 (Octal) Boolean -
GX0-GX3777 (Dctal) Boolean Cancel
gg’&ﬁ\gfg [Octal) Boolean .____.__J
51777 (Octal] Boolean }
SP0O-SP777 (Octal) Boolean Hep

T0-T377 (Octal] Boolean

V0-375 [1c] (Dctal) Dword

V0-V375 [1c] (Detal] Float

V0-v375 [rle] {Octall Long

V0-v376 [Dctall Dword

V0376 (Octal Float -
V0-V376 [Octall Lona i’

MNA2.63 vThantaaasind1984 Address Y849 PLC

ANT0TMIN Tag NdeanTs 1 $AaAaniy 10 vee PLC Iagnmudesnts  Tagadn

A 4 b ol =) [ =
4919 Device LAAABN New Tag ANATINN 2.61

Fle Edt View Users Tools Hep
NER @PMaol »édRx 2k
- @’ Channell Tag Mame Address DaaT; Scan Rate Dag
m-uewTagGmp Brumot Y001 Bookean 100 None
New Tog
Import CSV...
Export CSV...
Cut Cri4x

Copy Col4C
Delete Del

4 3 § o 1 < a
M 2.64 uaavtheailosmuant Tag ilidwazannsaaiaiu 18
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g = 4
wanmsusazngunlylunisesnuuy

3.1 Unin

¥ 1
Tagia lUiihmnevesszuuaiuguaszuiumsan q lugaamnssuniuae mssnm
a a Jo J = @ @
USmameild@ndsuldun  guwqil (Temperature) — ANUAY (Pressure)  58AU (Level)

$n31m5'lua (Flow Rate) manuilunsaa pH) wazouq Wi indifsstuauthwaneg

y
1A

(Set point) ¥3sAAdesmnniiga ufanizmsiiumazaniwinadenersn/dounila

o = Ao a & = a
A[DALIATNATU “]Nn‘liﬂ'n_]ﬂilVlﬂUﬂlﬂjaﬁnﬂﬂnlilaﬂﬂllﬂﬂﬂ1§ﬂj”ﬂq”ﬂtﬁ”1zﬁu hmﬂﬂ

A

AIAIUANATZLIUMIANY  2idenIENIAILANIULNIY 9 Agilo (Manual Control) 39

o o A 9 o 3y o o o a
DIFYNUNITUNTOHAIVAN (Operator) ARYNMIUUINNYINLNITATIVIA wazilasuuilas
H 14
msaau Wranouausudullauiideans gnaoEnEy MsmanssAlug

AININN 3.1

-f/‘
Is Flow =7 Valve
[
e Seale
groomu
Level
Gauge

¥ 3
M 3.1 uaaInIsaIunyIzAL 1uaaU Manual Control

seRudad
Aans Aupaindulen UIUANAT seduh Tufa
sevirpdna Tsh (Ixifeauaw)
F -
IEAUNITIY
Fanfvthen
RN S AL M)

y <4 o :’ [
M 3.2 uaasuden laezunsuveanisAIUaNI AL TUOwLUY Manual Control
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1 b4 ]
1IN 3.1 manuquizdnihlude  awerdowminnuassimihnlumsaieia
9 1 3
sgauhluden lAszdundesmensely Taoldaomgoinineinszdu (Level Gauge) 11n1iu
e w B . ' i . d
auewzdadulsdaimsldierimihiide-dands  weldssdmbhdluldmudosms &
3 2 o H <
Jupsuveamsnuauainsadouiundenlaesunsulddnmii 32 wwulimaaiugu
1 3 & Qdd” ° ﬂ 9 a o ° @ [ o’:
HUDEe q oiiedil  SulludeserdulssaumsainazsanusngueIniny AsUUMIS
- 1 LR é’ 1Y Y] 9 ﬂ @ = a wva a
auguazanseliednls  ssuediuwinaudriuguiundn  delumsdfiaaueia
9y o ! 0 Yt 1 @ £ o 3/ a8 a
udrmninnuauau higunsadhaulddoniuaasana Jailddszdninmueaminiugu
@ c:’ LY Ay A 1o a a ° {l 3
anas  auiuilntulssnuiidesmsauguitianuaiui  vazdszaniamgesuiiuaes
1 s
1hmInunuuuLea Tuld (Automatic Conitrol) N1 ld1_ Fawnnszuiumsaiuguszani
(111 Manual Control 1wl 3.1 Sninhimsaiuauuuuss ulif aunsanaaimsniugy

Tadamni 3.3

4 [y :’ o { 9 o wa
MW 3.3 uaaamanauauszauiludeninami 3.1 AMemzaiuguiuuse luia

P [ °y @ @ A @ ) .

A 3.3 szaniludenssiumsezgnialagn3edinTsAl (Level Transmitter)

1w [ @ 4 5 4 o 9 d
wazdadyyrn lumsialifuniesniugy (Controller) Funsesmuguaziitluldidhunas

v A @ o q W :‘ 9 :
Tumssaduledaldndrnnquidla-ila deldszdmiiuldamudesms  TagnTesniugy
o { v o o { o
wimthivdn lumsAnnamdygraaiuguiminzay MUNQINUTNNITATVAY
= o o A £y v o wa
(Control Law) intinau ldfmua13awanih dmSuszuunuguuuuea Tulianismy
S w 1 @

Wiufuegiosq  lulssnugaamnssufie  szuumuguuuuileundy (Feedvack Control
System) ifIAILANULL PID (PID Controller) HunTaaniuny Taggduuunsniunu

AszuumIngagmassuuuutleundy  Taeva lduaasdenini 3.4



53

4-20 made
w * e | demu /S lassimunugaing | fuums .
- (Controfler) (Final Controf Elemen? (Process)
o
FEnau gy
+20 mAde Wi 1-5 Vic
/ wiaein B
7 (M easucing Instousnents)

3 a a @
Ml 3.4 uaasudenlaesunsuvesszvumuguinutleundulagialul

[~ o P [ @ 3 A w Yy ]
nnudenlaszunsudenmii 3.4 dunadiuhiidnsazadietuutenlaezuniy

P & g ' ¥ a v wa \3 o
Tunmdi 3.2 Fedwzaanhludwuimuiavesnisauauuugna lud@iunuanglu
nsmuaiudnemzamnmi 3215009 Tasszuuniugunngadmnssuiuniloundu

W lihlszneudeailnsal 4 dau fie

o 4 t4 % os

1. fMnuR (Controller) iiunTesiionsegunial Al lunmairdayaaniung

< 8

4 o wd ¥ dy & v
Wevmrhiiningulfssuyiidesnsaiugy  JreniwanTenansuausudullaudeinis
Taensesmunuiildiuegluihgiuiinarsnndiedy uandenldfunaigane dngu

1yy PID

=

d { o & @

2. ginsnfarugugavhe (Final Control Element) e gunssinimihiilfuan1iz
yaenszuumIsensfsuntasaidunlslfuassinums - awudidaiedyguniugy
A Y o L4 ) c’.r’ = 1 1 9 1Y) 1 o
ldsunndniunu gilnsalnaugugametiuliadralsed1anienis @ 118U

a o @ ° 14 a W
(Control Valve) futoiinad (nverter) LazAINTZI (Actuator) Hudu pafnanduduanalu
1 '3
nszinumsgagvnsnlaun 1@InauaY
<2 & aa  ddY

3. N3TUIUNTI (Plant or Process) ¥11884 szUunIenszlunsndldndineans

Iy <3 Y ] o [ o
awauIntanuziluldamiidesns w nszvrumsfioanuminiuguazauyedveunal
Aszrumsfetunsmuueargil Wudy  Faauzvesnszuaumsuaadiodiuls
A52UIUNTT (Process Variable: PV)

o o . = o Y 1 ¢

4. 9Un30i¥A (Measuring Instrument) vangfis  gunsaidenaslaun w3

= 4 4 4 [V i
(Sensor) MSMUAANTEF (Transducer) gUnsalinn)ad (Transmitter) wiBATOIAdyRNUOL 9
Tunszuaums  verhdgopadi 1al1Hlududslunsaugu Tasdygnavisanues
o @ o 1 a,
gunsaiiamalyl  wwdludgopamnaspiungadmnTae e dyananszua’lii 4-20

mAde Fayanaisadu ldihnszuanse 1-5 Vde wiodnygyiaanyuIa 3-15 psi fludu
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a /ey = du’j ° =) do 1w
mamuguuuusaTuiAnnnmii 3.4 fduseunsdhauae  giunseiiamdunls
1 = at o Qr A
ASTUIUNS (PV) 19U gaingll sy Sasimslva  uasssduvesveamas fludu e
=1 19 a & t . :;’ s o 1 A
nlfsuiisundedmSaauthning (Set point: SP) sntiudIAIUANIsIAIANIARIAIARBY
o A ar y {
Eror: ) Jumamuguu I lumsdnnaiendyaranivguinnzay  fies llauny
E2 I o g <& d 3 1o o
nszvums iidhgauilhmineiidesns  Fwzmudineuiszihmsniuguaszuiumslag
3
Wy zdesdnidemaiheuvesdutlszneud o lussuuaiuguuazdnyusATEUIUMS
' v da Y 2 = o do W ¢
Aowiuffoszdesfinuderila  wazmavhauvesginssiia darduau wazginsainiugu
Y =] =] Y 1t P} 1 A A A k3 o
gathe  sudaiaunuuasiimalfuudedn  @edeu  ivefies ldidenldgilnsdiues
Y 1 g/ w o 9 = a o
siwnvesmsaugu Idedregndes  ududazilimaniuguiidszdniamgega
o a’: LY - 9 A I o o A
auiuilgiinlulssnundeamsmsaiuguitianuuuud nazses@NTnnga

$udludeahmaniunauuusa Tulia (Automation Control) 311%e11

3.2 M3IAIZA (Level Measurement)
o v af 2) o o & - A ¥
mstaszaudludedifanlszmswinlunugaamassuneuynlssinn - iswina
) 1 T a oA 3 o [ g o
voeszauTIzdinansenudems e aulaun  anusuazspsimsvadudu iy
E 4
msiaszauiuliog 235 fe
3.2.1 maiaszevinunse (Direct Level Measurement) 731503 lade3insnany
v
gUuuy Asil
1. Sight Glass (tunl¥nszanyessseu)
2. Float Type (1LUGNADY)
3. Dip Stick (111IW)
4. Hook Type
1. Sight Glass
o d‘ o L] o’ u') 9l as Y] 1= s 1 dy
snvazididydumriamasguia lie ¥ iassaulifiu 900 mm - miaRunnil

9:feld Sight Glass WInAI1 26U wneiFeeiuludnyae Overlapping iy
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Sight glass Sight glass 2 SUAARBAU
AN 3.5 UaAA Sight Glass HULANE

Yenvaq Sight Glass
1. g 18 Tagnss
2. gunsaeenuuuiaslfannsonuaud 1A 10,000 psi Haznu

gaungil ldgeda 750°F

a a

@

19 9 o ) 1 ar '
3. Yagii 19 Sight Glass annsneenuulinudeasmmsnansewldily
oA E)) a A 9 < 3
pdedu [Fwatafn wseuna udu
Y8d10AYBY Sight Glass
[ t Wt 1 Ada 3 4 = A 9
1. msoualagazeein Wazain i nsdifAaa Duuiiganiemuuuves
g9 1 udy
3
2. fANUULUET (Accuracy) TUBGALIAITINAZOIAVBITOINDY ANTHUBIVDY
a5y anwla uazdet Feaugulden
3. nydlveamanidla  mldeindwmsumseiuan
4. lugnmifioimeavunia a1 lfveuraiuTia Sight Glass tians
< o 1 a qu
u39i1 Tunsdin Sight Glass Ande13n1ouen

5. mInseifienvesveural  midnisewansziinlden
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2. Float Type (Uuugnasg)

1 1

<2 K

msiaszAuvedveunaIUUgnasy (Float  Hunuuiiisninniigaitniaduiu

a

o 4 4 a a Y 1 9 Yo da
mydamsadeuilununas ilasadwiie 9 aunsaldlasuauluanmnioumgil uas

u

1
g

o 1 1 EY w 1Y as Y
ﬂ’nilﬂuq\‘l\ﬂ{lﬁﬂﬂ'ﬁhﬂuﬂ'l‘i’]ﬁi:ﬁﬂl]‘llﬂ\‘l‘llﬂ\llﬁﬂ’l Iﬂtlﬂ'lﬁtlﬂ'liaﬂﬂﬂ’l‘llﬂxlgﬂﬁﬂﬂ n1INan

u
¥

=3

9 a 1 1 i 2 g : %
aaammmaﬂu‘lﬂumguu'ummm Ll’dﬂd'ﬂl!i\‘lﬁﬂﬂﬁ\]lﬂ“ﬁ\lﬂﬁﬂ“']ﬂﬂﬂ‘\lﬂ\l@ﬂﬂﬂﬂ HID N

a
H

a 9 < 9 a0 1w : Y d4 (a v W 1 a
nszidoussiegaveslan szdealifumiurivinvesveunadililimasmnudiungn
4 o 4 y H W 4 a2
assanluveanan  eszAuvesveamanlasulaszilignassnaeuiivu-ad auly
9/ <2 1 Ay n’; A d,; 1 o 7 & aa 1 1 o g |
Sessannsodsunuiulunduietuenmszdu1ld Faifmseumszauilalasgnasey
T 9 1 1 1 cv 4
wgnaeduien iduada 19 niemil adaeriiusen (Pulley) wazdnilawasdiiugndu e
o 4 (.3 (%4 U/ A {
$nunliiFendvegaasnaial mManyUYesTanIzAUNUT lngasifumsinfieuivesgnasey
o [ d' é‘l d'd? A A 1 3
yaziszautlasunlas gnassasimdsuiiurioadluiuandwalisenryy  upuves
1 v a dyd'n - @ P [ o b, X7 Y =
sonansaae gy nansgatisufuananuaadnIvessay Tasir hildnanas
9
a 1Q w [%] [ o a 1 o @
naneenumans q s uaNlnanmaAdie ) fu inviassauyiiail s dmsuns
Saszuvesrsamarlinausila (Closed Tank) . luilagrinidfannlddaudaygalvii

& Tneldginsel Encoder  Wnioudlaufludyaramas g

H é 1 1 o
NN 3.6 (ATeeUmIZ AL IdgnaeY
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u

- Fodnuoilumsldau

&1

M 3.7 Faydnualnig 19y Float Type

3. Dip Stick (WULQH)

lunsaifveunaindesnmsnaumsssundanmsunsie Fedrlisresnndrauen
dﬂv anﬂy [ T B Ay A v oigya ‘Lg‘ly
fezidludunsis FsdiludesuendiuiiasenainedIoiual e lulFnan1s5au 1a
ad 3/ a 1 1 < g d’ P v o dy g 1 .:i
Fimslfgnassdatianimanszudilyuiitla friaunuiilszneudienazinianssueni
a 19 1 1 I~ ¥ 1 < 1 [ Ly
usausalilgasudvan Mo unIuAIR UL UNIMANABo oMU IANEALIREIN LN 2N

o = & 1 a a 1 A -::43 W :’
weaszau melulignase¥adiiaiviannsined  gnasgEINTANAOUNYL-aY AINSEALI
3 a 9 o | oy A 9 1 Qy = d'ﬂ 1 I n’: =
ldedudasy  muueniifgizauilszaeudiaitru Taugruan q MuasuumManaaE e
- 1 o 1 L ddy -y a lﬂ' é d‘ 1
AuegluinIseay wiuTansmaniivdulalasdasy.  vazhignasondoud lilag o gala

1 I~ o 1 n’)‘ o ° 1 o
auianaingnangagitliisiu Tang lugaiigngaeening  ilinsniAszduves

3 3y ad d” i 9 n’l‘ a a o 9 ¥ =3 4

vouvaniuld Ssnsitimnzaudesveniviasamgigunszeztiiiuimdndeonly

[ =] 1 % 9 1 o aa 4
nm‘auﬂmi'um“ﬂ%quu"lﬂwwmmma’mmLi‘lumtaﬂmma LLﬁS‘]J'ﬁﬂﬁ1w

—— Vent Plug
Process

Ga/wr_\gdm Indicalor

Float

Float
Chamber

Tank
Drain
Flange

d‘ 9 1 I~ 1 1 P aa
20T 3.8 uaaams saimangielumssndlunuudinea
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u

- aydnuallunsliay

ﬂ' @ o o k4 . .
MW 3.9 uaasdaanyol 1719979 Dip Stick

3.2.2 MIIATZAUMULNISeH (Indirect Level Measurement)
1. nanmsiaszaulasdziannuauuANA (Differential Pressure)
mssaszau Taeds Fannuduuanaaduitiunsvareluenisgaamns suannso
9w d‘ a [ =} = Py o ar o :%‘ 97 a
Wuveavarianilsn fanudunSeguugiqelda Tagwanmyiaszauuuuilsvan
mi’iﬂmmﬁuﬁtﬁﬂmanzJ'c;Nsuaxﬁzﬁmawmmmﬁﬁmmﬁﬂ ANENNIT
P =h-SG,
di & 1 @ A ¥ :,
dlep Ao marusuiniedly wasi
& 1 = 1
h 78 mmmqwawmmmwmmﬂu AT
= 3 1 o z!' 9 [ (7= 1 T
SG_ 18 AANNDWIUNILUBIVOUWAINATINITIN ("lilwmﬂ)
¥ 1 ° 4 Y 1 4 5 g wa o @
AAIBTUWIZ (Specific Gravity: SG) vesTilusned - Fuduguandflszddves
3 1 gy 1 1 ° [~{ 1 1 o [ 3 @ H
A1ty il nugad iy 1 ilsendiannuaesumz 13.6 - AU ANUAUT

a 4 @ o o s :: o
naTudslinmduius InensanuANLEIveWBLa Y Ml anagaves

B
Y9UNA1 1M9IN h= ——
Gm
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Standard Type Flange Mounting Remote Diaphragm
AT 310 (AT a93ATAULLILIBIRINANMITAIMAULANAT

2. MPIATLAVUVUONLIA (Open Tank)
lumsdaseduvearailusadla A ueud Transmiter . vsifludadmulasasaiy
sEAUAMINEIvEINBAUYA) lud Funnedmsuiavetanilsasnis o
Msdelifiuy D/P Transmitter ﬁgnﬁﬂgﬂumwﬁ 341 g IMITOAIN Span AL
Suppressed Zero ‘Wﬂmﬁuﬂ‘l‘iﬁ\ﬁ:
Span =xSG
Suppressed Zero =ySG

Tagdl SG fle  ATATINE 9T UNIZUBIVBIHA LD

—Maximum Detectable Level

7

Liquid

—Minimum Detectable Level

M 3.11 Msdiaszauuuvuaala (Open Tank)
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3. meinszaulunuudaila (Close Tank) U Dry Leg
m3Saszauvesveural ludatlauuy Dry Leg ioseni19auas Transmitter 1A
v o 1 LY 4 ) i a o o ia - o [
amudunzgndeteiy  eaanudufiianinanuduvesmaifaiumelude msia
SZAUNUUY Dry Leg mnsdmiumsSaseauveunarnnldouaansiufai lisunse
1 by
Aoy 1d
] ¥ []
M3eroUiey D/P Transmitter  AgNAAAIIUATWT 3.12 N13ATUIAL Span LA

a Y A o/ o [y o oy
Suppressed Zero ?f']il'liElﬂ']u’lmulﬂl‘ﬂllﬂ'uﬂ‘ﬂﬂ"li'.]ﬂi:iﬂ‘]_l‘ilﬂﬁma’m.ﬂ‘l]ENL‘]Jﬂ

Gaa or Vapor
Pressure

"Dry” +-Maximum Detectoble Level

///% Minimum Detectable Level

Drain
Yalve

2nf 3.2 M3daszauluunydeila (Close Tank) 11151 Dry Leg

4. miTaszaulunundsila (Close Tank) 11l Wet Leg
msSaszauvasusaval ludadlauuy Wet Leg ingdimsuusivainaldsuaaius
of o [ P 4 o 3 a
dumauasmeannsenuniunduniduveanal ldamnsoi ld Taemaanveanadlu
HONNATUATINAUAIUDY Transmitter ¥oumaIn@ras 1l asdesiiamaudsdunizinnnd

veuvarfieglude wazezdes hisnnsawauiuveunarludeld

Fil
Connectlon

"Wet" ~Maximum Detectable Level
Reference / /
Leg
Liquid /

/ /A Minimum Detectable Level

21 3.13 M3¥aszaulunnudeila (Close Tank) UL Wet Leg
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v =
3.3 MIATIVIAYMYINN
) o é vy g (:l T
gampidludunlsdmlsziammilifinanidiguanlugaamnssuna il limwe
£ 1 3 c} ad I e A d‘ 1
Tugaeunssumineiniy - aswasuulesvetgungiiinansziudedonlsou 9 fieglu
1, i) 1 o JA o o
nszuaunTIM AT M sty ina s e liteediunaudu danimlva
SYFUUBIUBANAT HIOAATNATUNIY - Hunmineanunisasaniadsinavesdaulslag

= ¥ ¢=ly 3y Aa ad g C3 = o Y a =
fingrniimeldrangitleamgiialfoundasnaeanar dnizinaildiannuianain

J

o/

v a :: o :: =2 o L a A 3 = o A

TumsTauezanaulsinavesdaulniug - sufuddudvedndiizdedinsarainie
agq v A \ o Jaq Y o o a
auqueungillasfiogeueluszuatansdon gdasdilddmivasasiviaguug
v 3 1 1
vudegunnevauyila - Yuediudmvesgungiifidesmsia dszianvesdanaed
Y
Foamsinganail Uezdnvuzmsaadiiagunsaiia
o H
Tasmsasndingangil lulnsaniuil v dnaaiansulasuuasmiali
1 I3 1 { add
TassAuA U U081 1A szfasuulallamnisulasundasstgumgiineg
as1vialumsingumgi
J
3.3.1 @15na ( Resistance Temperature Detector, RTD)

nannsved asnane anudunu i luduaialanzazulasua ldawaums

Rt = RO(1+OLT) 150 dRt /dT = 0RO

a

' ) {
lﬁﬂ Rt ﬁﬂ mﬂ’nnmumuvmmﬂiaﬁz ﬁqmﬂﬂﬂ t°C

5

]
=) a

Ro fio A8 MUAIUNIUYDIA2A Tare Neunnll 0°C

a a

& H 1 a
o fe duilszAnsvesmsnlasunasdnaudnulwih degamgil 1°C
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(€V/Q)/ °C)(Temperature Coefficient of Resistance)
Fash o Tenlasuutlas hlawsiiavesTans @ uwaditiv 0.00392 /Q/°C 1A
grunangil 0°C 84 100°C iiifia 0.0063 Q/Q/ °C M181A1 0.00425 Q/Q/°C  Tuminlfiias
o veemsldounlasgumgiudazsn  oz'hinlsfufhudunse Non-linearity)  luies

UFiamanasgiidesmsauniven  annsaimldTaemsldaumsdelai
Rt = Ro (1+aT+pT*+yT)

a1 0, P uaz ¥ 1@v1nn1snaaes (Empirical Quantity) FeuTindnaailudimua
(U Lwan iy
0L =3.985%1073
B =-5856*10"7
Y =4.330*10"-10

- Yo 3 {9 ' o o
gastirunsolFldisunsldnuiidents Accuracy g ualaonalal msdnoa
1 ldgas

Rt =Ro(1+0/T)

ngufIHUALIAS g1 TEC (IEC Standard Groups) AR THURA Calibration Curve Y8462

4 o a t { ar A 1 oo 1 1
onsa uuuuwainiulml wesdlufiseuSuvesaandy  ¥9gumMglidindl 400 °C AN
fiawana lalifiu +0.2 °C wazNia3gaingll 400 °C 4 600 °C Mmiawana LAy 0.2 °C a5y

- B 3 Setial o = 1
2N 3.5 uaaensilasuulasmveseisnaniinn lanesiania 9
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30 .J )
] c / o
j . is Vg .-
8 Nlckcli’i & §
25 = =t
d“) H /‘ 1 /4’ Pig
:5’ - Semiconductor /- /| /.
5, N T : 74 -
2 j vice Yt/’/ ’,',/' b~
‘5 4 /// ‘,I ‘
8 - ,/r/‘;{' W__ Platinum
= 1.5 P, P i
L ISR —
g } p !
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v
Yo
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Temperature, { AN

e =1 o

M 3.15 naasmsilasulasaivesersianiininlanesianis q

o i ) = a a1 iﬂ] a
saulutmadeezvennanufmumuiguugl TR) wilaudufmvesnny
rumufi 0°c _dverulasuiilaslane s i1 wseinnatens aauuumaniuiui 14
o Al S =
wnfigalusnugagivnssu daasg i 100 Tery #10°C paziiunnuinasg il
#ealfiiAn17i111m3e5un91 Standard Platinum-Thermometer (SPRTs)  lugaegaingiigais

3 oA a o o h \Bt a1 o
600 °C a3 1¥ersnauwanuuuu 1o lawy WSIZIT @D TAINAN LU 100 Teviu
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sweazPaalumsanaazilszneulSayaniinus

luﬂ?mmwﬁwufﬁgnﬂqaaﬂnﬁu 2 daufie
1. duvesasauas (Hardware) 1aun
1 2995U84A7 Pressure Sensor
2 NesuednygIuluns Ian1gaaIMns sy (Instrument Amplifier)
3 saesulasdeyanaussdu Iudhdunszia i (v o T Converter Circuit)
4 NAIMUANUeIBs 12 Tiad
5 Lﬂ%‘ﬂqmuquqmwgﬁ (Temperature Controller)
6 dIuUAUWAUN (Plant) NISLIUNT
7 duveenesinih
2. duvessenilng (Software)

1 Tilsunsu PLC
2 Tilsunrumdwe SCADA (Genesis32)

MNA 4.1 LEeUUUTIRBINTZUIY ﬂﬁ‘ﬁi%'i]?\l

Lz = ¥ o o ¥ ~ =2 " 1 ¥ o £ L% ¥
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4.1 dIUYBITIANIS (Hardware)
4.1.1 Pressure Sensor (Differential Pressure Transmitter)
FmnSeyaiinugi 1819 Prossure Sensor (8§ MPX2010DP Sailgmuianmudius o
- 10 kPa izl o medludns 0 - 25 mv fugUnsalSanruduiitinsesdumasluawi

4.2

FP=~==—=3

UNIBODY PACKAGE PIN NUMBERS
1 GND 3 Vs
2 +Vour 4 —Nour

1. Pin 1 in noted by the notch in the lead.

MPX2010DP
CASE 344C-01

H a o o 1
mnn 4.2 waasdiginsalasesneluiazAuniauued Pressure Sensor

3¢ __Vsl =40 \“L
Ta=25C

L f——Pi>F2 —
23 | TYF 4/
T b / e

3 VAX
=~ s e e i s g B
t

Cutpsdt frvde)

d' v w 1 o w 1
NINN 4.3 nstmanwuﬁs:mmmﬂvgmm:mmﬂmmﬂma

o ° A A 1 P 1w o« v @ Y
Tagnanmsnieu fe welinistie vs Tdundiglnsal  uasteanuaulvnuim
SR w [% 1 o @ ¥ Y {
ginsaideialfiiunusuuendn  Teofousuaruduusseina wldmusediuldiha

wianpeenuuiussdu ihidumy - Fozdeninnunausdiuinihenii - Taems
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Houdresvnedyaulunsiansgaamnssy (nstrument Amplifier)  tWeTlagiimMs
[ 5 e I ar H o A H ] P Ao
vaneusery udanmiaiawseau i 1d T udaailunszsua 4- 20 mA wiefiestea sy

4 [ 4
Ténnuwdun Pland) lugilvesnszualiiu pLC ol lunmsaiuguaszuiums

4.12 WasvenadygNolumsIaNKNgAM¥NTIN (Instrument Amplifier)
o s =) 4
1esvnedgynalumsianwgaavnssy Ae 2esenlfuenililFlunsvey
Toyanait ldnnmsiaddlFluaugaamnssuia g 1
k4 3
“luﬂmgqnuwufﬁ”lﬁ"l%’ Instrumentation Amplifier (es INA121P 484 Burr-Brown %4

3
Slunuy FET — nput melutlszneulu@eneasdsd

ve

7]
INA121
Vo 2| |Over-Vollage
L Protection
—WV/ A G= 1+ S0k2
4 ‘ 40ked aoker R
I* —e 25K
J et M Y s
T'RG 1
.8 — 25k
e
3| [Cvarvor — NV —4 VA - Ret
‘/* 1 I 4ar-Voltage A0kt 40k
N~ Protection X
4

s

Ve

nf 4.4 wassantlaenssunisluveslednies Na121P

Taslinmauiia dafl
- Bias current 51 Béﬁ +4pA
- Quiescent curtent é%‘l ?ng:‘ﬁ +450 pA
- Input offset voltage ﬁ%‘l 6§iﬁ +200 pv
- Input noise G%‘I
- #1CMR g4 ogii 106 dB
- §uA Supply GFA £ 225 VI £ 18V

3 = 1 = 9 ; = 1y
- mavwianaalums lidhuFudud Sugagaedi 0.001%

- § Input protection 14 +40V
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Mdsvens (G) annsafvua ldena R, Teedamein

50kO

G

G=1+

(U A1 R, = 50 Q vz A dauens 1000 i

NEAREST 1% R,
€2}

DESIRED | R,

GAIN @)

1 MC
2 50.00k
5 32,50k
10 5556k
0 2833
£ 1.02k
190 5051
200 251.3
€30 100.2
1600 50.05
2000 2501
5000 10.00
10000 5.00

NC
46,9k
12.4k
582k
281k
1.02k

811

240
100
49.¢
248
19
4.90

HC: No Connection.

Yo =G -1V -Vt
50k

G=1+

Over-Votage : : Ret
Protacti

Alsa drawn in simpified form:

vz 0————1

a, % HA121 A

v oy | Ret

MW 4.5 UAAINTIADITLASAIBATINTVETY
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4.1.3 wennlasdaanamssiuliiuilunszsualvidh v to I Converter Circuit)

o o &

T 1 4 3 3
(uresidigyrasnilit i luszuusiuguaszuounisgaanssy Melidleann

[

9
wungUnssimdsdagalussiulidyapaemiyndiusuiiih adulludesdaly

g o

dluszozmlnatedesduilunszualiih  wiednsaidsudesmsdunmidunszualuih

A19d1uTU MIAeAIAILANdA lod (PID Controller) ndyanauemwndluussdulvih

WINTFIU 1-5 Vdo fusuilasdryananszud il (Current-to-Pneumatic Converter /P
I~ o 2 i, o

Converter) 4-20 mAde (Hudqaimawn 0.2 -1.0 Kg/em iethdayanaau llaiugunda

AUAN AININ

Air Supply

PID Vi
1-5 Vde
Controller Converter

Air output

/P Converter

M 4.6 uaasnnusuivvssmsutasdananssduTiihdunszue Tvih

esulasseulituilunszualvdhnlhnSgeniivus

Rt
10K

| VR2 500 R3 100k
AN
o
R1 100K N
EUNPAPNS ST N at
4 5 |-RE2 2N3053] VR3 500 RE ®
AN
1 vl AAA 1
) R2 100K ° } v vt
INPUT VR1 10k CONZ
- A
= R4

100K

:
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911995 UDIA Pressure Sensor esvgnedynu UnTIanNgaa NI Iy
. Y A o v
(Instrument Amplifier ) ttaz9v5utlasus sy liifunszualuih BT IMINTABINTT

Yy P o o o, 4y :
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‘ 1K
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RN 1®
v
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aircraftdesigner
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4
4.1.6 uWAMNNIZUIUMS (Plant Process)
1 1] o w
fms$raeenTsUIUMSHEYYBAWal 2 ¥ia Taamesda iy A wazilu B vihau

> ° o a & o .
(aemsdamsiauiiindanuieeneuiaimes Taol¥seWiiISCADA Genesis32) Vo9

b4 v
wianez lnadigde A uazda B awdiay Tavluassdsilesiluiivnveumaineuiims
o a 3 [y °y § o 9/ 4
wamazmmIandSinasveavar lasmsiaszdmhn  wazdiedalinga A nSenda B

a o 1o o s 1 o P A
ey veunaafies lnadhgds ¢ Tasluds ¢ tesiinevanianewns  Feimihifidly Heat
a 1 3' 3 o . 1 o ¥ o 9 = 3’ o
Exchanger  fmssuihiounndl Boiler  sudail hldqungiiveniingluddinms
a aa & £ ¥ Y o o ]
aasunilas uazszlifnmumsite Ianudeunszaw linags uazssiimsingangi  lag
1 adw g a o 1 o ey & o a 3} a
Aesgavgiinia ldssiimsfdmieada wedhnsdhdanmnssuiums Taoldumugil

AR

‘ (§Gaim

TANK 1 PUMP A TANKA TANK B PUMP B

TANK 2

VALVE A VALVE D
e PUMP /_W
— Inject/reject
| N (> Q b :[;
T [

VALVE ¢

1 ¥
MmN 4.8 ?Ji’)mI,'lJ'lJLL‘]J‘lJﬁ'Iﬁﬂﬂﬂiﬁ;’U’Juﬂ”liLﬁﬂ\Wsl’u
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4.1.7 29a3hvh

E 4 3
MIMIoONULLMIAAAIAZATIAUTY fatl

/
Circuit _—
Breaker| [PUPPY
24Vdc PLC e Do
///f
%
Relay | Relay | Relay | Relay | Relay | Relay | Relay | Relay
1 2 Motor denoi
Pump 1 | Pump 2 Valve 1 | Vaive 2 | Valve 3
! Terminal
"

Falsznen lude

PLC KOYO D06

- Temperature Controller
- Circuit Breaker

- Relay

- Terminal

- Auto Switch / MAN Switch

MNN 4.9 aaamsaadaldauesa

wnansilwenasianulidmsunslidnuienisnyiving leygnlmiluldusslemiaunsd

Lidnsdllag vdu BnviemuiilvaaiUasilonuasfeeg1sddiadvesenalsnnasaniinisuntuly



72

MIauYesiad

PN 4.10 Siaf

s 9

= oA da o o ) ¥ F] @ o 3y W
3iadfo gunsaidiannseiind Mimiinda - deresadeduaiad laglsndnms
v o i o o -] 1 o { o A @ @
withduifa wazmaiiee Wifuiwuddesholliluandidimua mazdiotie v i iud
LY o o W A = o/ {y : o o
Sind Tuezi ldwhdudadasunmadiuiesia  vazasstuiuiinhildsw i ldduiun
wnanuiluagesila
L4 o { o 1 @ <3
Fndiuadndaruauiiudeliih  wsesnmudnvaznisldoy i
2 sgian Ao
4 g o w o @ H
1 S1adaniny (Control Relay) fiuunadnidslvidhdr  Idlunssaiuguialyind
o w t o a A =t s =) 3 ) L3
fgalihblinmin  vieemsaiunuied  wieasuuwmnmeivinalvaSadniuny
a8 w1 i ) o
URHGeNAUdIY 9 71 S
o o o @ I o g
2 51ada3 (Power Relay) H381inEsANUIINBULNNIADS (Contactor or Magnetic
o o t 1 4
Contactor)  1lunismuau dimas fuwnalugaddwedsasuan
4 [ d
4.2 @ruvasreiniigF (Software)
421 Tsunsuves PLC sxiflugilnsainldmuqumahsivesnssiiums Tngasa
: \ A
PLC ansa@eouTisunsy1dde tagazarnlumai il doumeninaunssuaums
1 a
AseenULILIEdpuIINTAMUA VO taswieanui1d1es [dauedialsdaliuegin
3
a ° a = 4
mseenuuy uazdnymzmai sy ludSganiiwugiies 14 PLC ve1 KOYO DLO6
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o
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A1519M 4.1 1eAI JO Assignment 489 PLC

PLC I/O Assignment

CA IR L PR FTT 3! siemignsoinezmsls | wnewq

BuUNN- 1@1MWN a

Y0 Pump 1 quueurad tlu Tanka
Y1 Pump 2 guveunad 1l TankB
Y3 Boiler Pump quUYBuvaleenIINieA
Y4 Stirrer luWanauria

Y5 Solenoid Valve A ldsgrsanaily TankA
Y2 Solenoid Valve B Uasyveurnaily TankB
Y7 Solenoid Valve C ddgveavadlu TankC
Y10 Speed 1 luianyuinanndai 1
Y11 Speed 2 °I,uﬁﬂm;uﬁmm§aﬁ 2
Y12 Speed 3 hﬁﬂwguﬁmmﬁqﬁ 3
V4000 NUATIUTIDUNN A1 PVIIN Controller
V4012 WA 1NN (@Bl SV 191 Controller
C0-C1777 Control Relay

V2000 iHudeyanin Analog CHI | fayansusiaina

V2001 (Hudeyasin Analog CH2 | Foyaneuiaina
V2002 (Audoyan Analog CH3 | deyanauriana
V2010 (Audeyaain Analog CHI | doyavduhaing

V2011 fudfeyanin Analog CH2 | deyanduitaina

V2012 (fudoyann Analog CH3 | foyanduiraina
V3010-V3011 (AR Limit Level Tank1 udoyanIn Genesis32
V3012-V3013 (AuA1 Limit Level Tank2 | $ud81a91n Genesis32

4.2.2 Tilsunsumithae Genesis32

Talsunsueraeng Genesis32 (Demo Mode Runtime) ludiunlFlumsinde Taoasa
fudldnsedaiuny Tay Genesis32 wilnisAndeded1siuiy PLC Tage1fs OPC Server &9
dhugsdneflunstamsadelds Tnnsams 1 unsdoa1s sz 19 115un 5N Genesis32 AU

' . . A P 3 o = = o qs/l dy
PLC Ju KOYO DirectLogic06 30 DL06 %414 lumsvinTayaniiwusaiil
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1 P
arutlsznevves Tsunsui ldsinmsadensiln il
° z . 9
- ATTNLEAINTZUIUNTHINIUYBITEULY (Process & Control Monitoring) Tag 1%
GraphWorX32
a 3 d‘ ) a =® @ a
- ATNUAAUAUNILTY FIBNBIDITTAVVBUNAD uazgauvigiilunszuiums lag
1']31' TrendWorX32

o’ A L4 a2 o
- anflnuassdygadeudieseauveunaafudiua Tagld AlarmWorx32

Fle Edt ¥ew Fomat Amange Draw Dynimics Took Runime HeD

MONITORING

paE Eremayze  [nme: ceetian

AN 4.12 1L@AIN1TODALLL Real — Time monitoring



Time / Date

tag?
125349 2110/2009 Vrote new value (95) to ICONICS Simulator 1\Si GWXGauge
125347 211072009 Yirote new vaive (82) to ICONICS Simulator S1 GWXGauge
125344 21072003 Vrote new value {82) o ICONICS Simulator 1151 GV/XGauge
125343 211072009 Wrote new valve {55) to ICONICS Simulator 1\Si GWXGauge
12553:42 2110/2009 Wrote new value (32) to ICOHICS Simulator 1\Si GWXGauge

2raerstore

S

Good - Non-Specific
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Event Time |+

125349 ‘

125347

12534 ¥

125343 ‘;
125342 ;

AN 413 uansdyanauieuilassau

4.2.3 Til5un33 Microsoft Excel aAIA1519N15gNA 308 1Az HYNAIVAN
4 .
iiesningeriiafamérilfiluuwy FREE DEMO RUNTIME
¥ & a da g 4 PR
finTeviioniogluseiuas idnmua

aa sy A i :
WRADA (SPC) Mumalinsiins 1insediieiiFundn Trend Logger

@

Fynanuainmua

o 1 Ayy Y a 2
wazthaf ldmnaseuwugiaiunnluldsun sy Microsoft Excel

Aaaulita4ves Trend Logger

Trend Logger (1 UL WAIRTY

il e
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FAudIanFU AT NIAToINe AT IEH

o [ 1 aa
NININUATNNADA

A 4 v o i
(onanudeyasineinsainauAus PLC, DCS,

Remote /0, Power Meter 13 1ugiudoya 1un MSDE, MS SQL Server 2000, MS SQL Server

1 <
2005 Express  laoipauusnainmsnudeyaidl nfe

A A £) P
1. lﬂuLﬂiﬂiﬂﬂiuﬂ'liﬂ"i'l\iﬁ'm‘llﬂi}‘aﬂu MS SQL Server

2. fhuaseailenlslun1sfinne OPC Server M IRaTM 5 0ABN OPC Server Llag

)
OPC Tag lagzain
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+ RecipeStorage & | Pumpl s
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SimuiatePLC Project Set_Templ
SimulatePLC Project. Set_Temp2

ok |

Cancel

MNT 4.14 uaaaniiaalumsiaen OPC Tag

9 9 A4 g 9 @ wa
3. g@wnsaas AT RYeyanenudeyasn luia
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s

o 3 1 Y wa
winmsaiumsdeyaluyTasen Tuila

9
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[ tData dbo 2009-01-30 16:46:29
li i tDatal o 2009-01-30 16:47:32
iﬁ tData? dbo 2009-01-30 17:00:37
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M9 5.4 uerasmi ldnmsguiaguugiihluduiiessuuegluamizaeda @=5)
Sample Saml Sam2 Sam3 Sam4 Sam5 Average Range S
Number

1 60.02442 60.02442 60.04884 60.04884 60.02442 60.03419  [0.02442 0.013375
2 160.02442 60.04384 60.02442 160.02442 60.02442 60.0293 0.02442 0.010921
3 60.02442 59.95116 159.97558 60.02442 60.02442 60 0.07326 10.034535
4 60.02442 60.04884 60.02442 60.02442 60.04884 60.03419  [0.02442 0.013375
5 160.04884 60.04884 60.02442 60.02442 59.97558 60.02442  10.07326 0.029908
6 60.02442 60.02442 60.04884 60.04884 60.02442 60.03419  [0.02442 0.013375
7 60.02442 60.02442 60.02442 60.04884 60.02442 60.0293 0.02442 0.010921
8 60.02442 160.02442 59.95116 59.97558 60.02442 60 0.07326 0.034535
9 60.02442 59.97558 60.02442 59.97558 59.97558 59.99512  [0.04884 0.026751
10 59.97558 60.02442 60.02442 159.97558 60.02442 60.00488  10.04884 0.026751
11 60.02442 60.02442 59.95116 59.97558 60.02442 60 0.07326 0.034535
12 60.02442 60.04884 60.02442 60.02442 59.95116 60.01465  10.09768 0.037035
13 159.97558 59.97558 59.97558 60.02448 59.97558 59.98536 10.0489 0.021869
14 60.02442 59.97558 60.02442 60.04884 60.02442 60.01954  10.07326 0.026751
15 60.02442 160.04884 60.02442 60.02442 59.95116 60.01465  0.09768 0.037035
16 59.97558 59.97558 60.02448 159.97558 60.04884 60.00001 0.07326 0.034546
17 60.04884 60.02442 59.97558 60.02442 60.02442 60.01954  0.07326 0.026751
18 60.02442 59.95116 59.97558 60.02442 60.02442 60 0.07326 0.034535
19 59.97558 159.97558 59.97558 60.02448 59.97558 59.98536  10.0489 0.021869
20 60.04884 60.02442 60.02442 60.02442 60.02442 60.0293 0.02442 0.010921
21 60.02442 60.02442 60.04884 60.02442 60.04884 60.03419 0.02442 0.013375
22 60.02442 159.97558 60.02442 60.04884 60.02442 60.01954  10.07326 0.026751
23 60.02442 59.97558 60.02442 59.95116 59.97558 59.99023  10.07326 0.032763
24 159.97558 159.97558 60.02448 159.97558 60.04884 60.00001 0.07326 0.034546
25 60.02442 60.02442 60.04884 60.04884 60.02442 60.03415  10.02442 0.013375

Avg. 001329, 0055682 [0.024844

Satndard Derivation = 0.0290

maatinan1sAIunuUEUgTiA Al (X-bar Chart)

N
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don=518A,=1427 931

UCL, = 60.01329 + (1.427)(0.024844) = 60.04874
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T
15T 5.5 A1 ARL e imasveinszuaumsiamsnfasuuya il n =5
ANRAUTOINTZLIUATS zo-iilefnzfie | f-emor | P,=1-§ | ARL
60.00032 -1 097725 | 0.02275 43.96
59.98735 -2 0.81859 ~ | 0.18141 5.51
59.97438 -3 0.50798 | | 0.49202 2.03
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59.93547 -6 0.00357 | 0.99643 1.00
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X bar Chart
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60.02

60

TEMPERATURE

59.98

59.96

59.94

1 2 3 4 5 6 7 8 91011 12 13 14 15 16 17 18 19 20 21 22 23 24 25

1 ] £ 4
AN 5.9 () 4AAINT I X barUaada i ioinnssnnfqunsiagavgiiii lud

& L} o
dessuy agluan1azan (n=5)

S Chart

0.06

0.05

0.04
S

—Eg—x A /\ /\ 220 S
L A V) \"‘"II'_‘ i’ A lod ¥ Faon) o r 2k W7, o o
g V u \ ==l | CL

0 ». (P ACEEWL™ k. WV > > SN XA Y IR 2l
P AN AV 2 ST A ra oo AR o) LS Rl A7 7N

Standard Derivation

1 2 3.4 .5 6 .78 9 10 11 1213 14 15 16 17 18 19 20 21 22 23 24 25

1 1 v
MW 5.9 () uaainsd Souaeed1h lasnmssnnumgumsiagungiithluds
4 ' @
Wessuvedluan1smidl (h=5)
§ H ad ° aa =
w1 5.9 funsd X bar-s Muaasgamgiii ldnnmsdiuneada  dszuy
1 l.v 1 a A
agluanizasdilagszuvegluanizling dion=>5
4. eszuvagluaniizaadng Suifuifinmalu MSDE Database Manager #4910

nsnaaesgumrgiisudhanizadi Wedwiudedinsasindeuns 7 M08 (n="7)
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d' Ay Y T W aév o A 1 o
13197 5.6 meﬂm"lﬂil1nﬁqmmmwﬂnuﬂummai:nnﬂg‘luﬁmazmm n=7)

L 8

Sample | Saml | Sam2 | Sam3 | Sam4 | Sam5 | Sam6 | Sam7 |Average| Range S
Number

1 60.02442| 60.02442| 60.04884) 60.04884 60.02442] 60.02442 60.04884 60.03489 0.02442 0.013053
2 60.02442] 60.02442 60.02442 60.02442| 59.95116] 59.97558 60.02442 60.00698 0.07326/ 0.030612
3 60.02442] 60.02442| 60.04884) 60.02442| 60.02442) 60.04884| 60.04884) 60.03489 0.02442 0.013053
4 60.04884] 60.02442 60.02442] 59.97558 60.02442| 60.02442 60.04884 60.02442 0.07326 0.02442
5 60.04884 60.02442 60.02442] 60.02447] 60.02442| 60.04884) 60.02442 60.0314 0.02442) 0.011516
6 60.02442] 60.02442] 59.95116] 59.97558 60.02442| 60.02442) 59.97558 601 0.07326] 0.031526
7 60.02442 59.97558 59.97558 59.97558 60.02442| 60.02442 59.97558 59.99651| 0.04884 0.026106
8 60.02442 60.02442| 60.02442| 59.9511¢ 59.97558| 60.02442 60.02442 60.00698 0.07326] 0.030612
9 60.04884] 60.02442 60.02442| 59.95116] 59.97558 59.97558 59.97558 59.99651| 0.09768| 0.035747
10 60.02448 59.97558 60.02442] 59:97558 60.02442| 60.04884) 60.02442 60.01396 0.07326] 0.027693
11 60.02442 60.04884 60.02442| 60.02442 59.95116] 59.97558] 59.97558  60.00349 0.09768 0.035747
12 60.02448] 59.97558 60.04884] 60.04884) 60.02442 59.9755d 60.02442] 60.01745 0.07326| 0.030614)
13 60.02442] 60.02442]59.95116 5997558 60.02442| 60.02442| 59.97558 601 0.07326] 0.031526
14 59.97558 59.97558 60.02448| 59.97558 60.04884| 60.02442 60.02442 60.00699 0.07326] 0.030618
15 60.02442] 60.02442 60.02442] 60.02442| 60.04884| 60.02442 60.04884  60.0314| 0.02442] 0.011916
16 60.02442 59.97558] 60.02442] 60.04884) 60.02442] 60.02442 59.97558 60.01395| 0.07326| 0.02769
17 60.02442] 60.02442] 59.97558 59.97558 59.97558 60.02448 59.97558  59.99652  0.0489| 0.026117
18 60.04884] 60.02442 60.02442| 60.04884 60.04884] 60.02442 60.02442 60.03489| - 0.02442|  0.013053
19 59975580 60.02442 60.04884) 60.02447| 60.02442| 60.04884) 60.02442 60.02442  0.07326| -~ 0.02442
20 60.02442] 60.02442] 60.02442] 60.04884] 60.02442| 60.02442 59.95116) 60.01744{ 0.09768) 0.030612
21 60.024420 59.9511¢ 59.97558] 60.02442} 60.02442| 59.97558 59.97558 59.99302 0.07326 0.030612
22 60.02448 59.97558 60.04884] 60.02447| 60.04884] 60.02442] 60.02442 60.02443| 0.07326) = 0.02442
23 60.04884] 60.04884 60.02442] 59.97558 60.02442| 60.02442] 60.04884 60.02791] ~0.07326] 0.026106
24 60.04334] 60.02442| 60.02442] 59.97558 60.02442| 59.95116 59.97558 60.00349 0.09768) 0.035747
25 60.02442] 60.02442 60.02442| 60.02442 60.04884 60.04884 60.02442  60.0314 0.02442 0.01191¢

vg. 60101493 0.063494| 0.025434

Standard Derivation = 0.0290

ﬁﬁim"ﬁﬂmﬁmuqmmuqﬁﬁnnéa (X-bar Chart)
(ilo n=7 9214 A, = 1.182
'l
UCL, =60.01493 +(1.182)(0.025434) = 60.0450
CL. =60.01493
UCL. = 60.01493 —(1.182)(0,025434) = 59.98487
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den=714B,~1.882,B,=0.118

wld
UCL = (1.882)(0.025434) = 0.047867
LCL =0.025434
LCLg =(0.118)(0.025434) = 0.003001

Tunsdiinszuumsegluannziados 21d
P,= G

4 oa - A~

dio O fle aAnuAanaiatszmnvil

wazez'ld

1
P,

Wedmuatadiiamsmuguil +30 wld o=0.0027 viufe

ARL =

k4 » t
fatlu Wenszuiumssglun1snlugy wwuyainhlfnszuaums lieglums
AUy Tngmdunng 370 10619
A | = A ° 1 & 3 A s = dyt!
deAunfsveinszinumsimseud s Fwnnthningvienunasvesnszuiumsiiae

60.01173 MstasuvasAIRABNTzLIUNS v lde u+ 20, (i

©0.027188

0. =——
7



= : 4 1 4 a = 4
AN 5.7 ATARL lllEJﬂWm'ﬁU‘llﬂ\iﬂﬁ%‘lJ’)UﬂWilﬂﬂﬂ'lil‘]_]aﬂultllaﬂ Wan=7
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AURTIUBINTLLIUMS zo_iilefzfe | B-emor | P,=1-j | ARL
60.0042 -1 09772 0.0228 43.86
59.99346 -2 0.8413 0.1587 6.30
59.98273 -3 0.50 0.50 2.00
59.97199 -4 0.1587 0.8413 1.19
59.96126 -5 0.0228 0.9772 1.02
59.95052 -6 0.0013 0.9987 1.00
12
. =
0.8 r/
0.6 A
0.4
0.2 -
0 —& !
5994 = 5995 5996  59.97 ///59.98 ' 59.99 60 = 60.01
—o—snarnhasfudbisunsoasianumsulfzuuilag
AN 59 (A) OC Curve VoslHUgHAIUAY
samsdnaazafausugiinaun Taofsa1uni Tisunsy Microsoft Bxcel zlansl

AundouazaudsunuinasgIudIed1e A
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X bar Chart

60.05

60.04

MAWAZ AN INCA T

- \A YV Vo
E 60 N Y v == UCL
B e e B
59.98 e T i 1 S S - S T T ==l
59.97
59.96
59.95

1 2 3 4 5 6 7 8 9 10 11 12 1314 15 16 17 18 19 20 21 22 23 24 25

M ] 3
AW 5.10 (1) uaaens X bar Laadan ldninmsfivassigunisingungiit lud

A 1 o
deszuved lUanzAnl (a="7)

S Chart
0.06
0.05
0.04
-3
0.03 == UCL

—4-4cL

AR V[V /4

% % ) PRI B0 B B o Sl <
TR 6 R W A SN 4 W W TNE S e NP I A I A e (AW 4

0.02

Standard Derivation

0.01

1 2 3 4 5 6 7 .89 10 11 12 13 14 15 16 17 18 19 20,21 22 23 24 25

s
o

M 5.10 () uaasnsl s uammitlannnisdnnumgunsiagamgiinluds

dleszuvedluan1izad (=7)

Lz = ¥ o o ¥ ~ =2 " 1 ¥ o £ L% ¥
nansiiluenansianulidwiunisidanuienisfinyirintu Tdeygyalvihlvldusslesimunism

Lidnsdllag vdu BnviemuiilvaaiUasilonuasfeeg1sddiadvesenalsnnasaniinisuntuly
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1

i < 4 a ° an &
9100w 5.10 Sunsvl X bar-s uaasgurgiin ldoinmsfnaaunwana dszuy

agluannzasdalaeszuvegluaniiziling wen=7

5.4.2 nsamiAanhaamgii 20 C 3w 1 8ns

1. fhufinAnsUAITNARBY
o :} - Y o a
Usunaninlslumsneassdiuiu 8 ans

a :’ °©
- gungiveani 3l C

a g o
ungiines 29 C

e

ady £ O
- guugifideIn1sAIuANAB 60 C
1 3 [ |
2. dhimsGunszuaumsientuguagangil | Taghitldlumsnasesmsuusniuiu
9
JehimsiAaniasluda

8 Ansudireruszuueglumsnlungy (97 set point) dnszuzuile
a i 2 a @ o e ° a W

szanm 1 3ns @@iflowimauiaimietla liatin Tuildeamgiionanziuiy
3. ileszuvegluanigaiauds Guifuiinsalu MSDE Database Manager $4910115

oA Y i g o - 1
TlﬂaﬂqqmWﬂ“nlﬁﬂlﬂWﬁﬂﬁlqzﬂ\iﬁuﬁ') g\'wnﬂ‘lililllﬂﬂﬂ]ﬂaﬂ15ﬂﬂaﬂ\1
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A1319% 5.8 memﬁ"lﬁ'mmi'cfnﬁ'ﬂqmwgﬁl‘iﬂuﬁuﬁaizuugnmmumnmmqﬁﬁﬂﬂsnﬁ
lon=>5
Sample | Saml Sam2 Sam3 Sam4 Sam5 | Average | Range S
Number
1 60.02442 60.02442) 60.04884] 60.04884] 60.02442) 60.03419 0.02442f 0.013375
2 60.02442 60.02442) 60.02442) 59.95116) 58.7545# 59.7558 1.26984) 0.560597
3 58.38828 58.75458 59.19414) 59.48718] 59.92674 5915018 1.538462f 0.603229
4 60.21978 60.58608| 60.53724] 60.34188] 60.26862 60.39072 0.3663] 0.162902
5 60.17094 60.09768 60.04884] 59:97558] 59.92674 60.04396 0.24421  0.09679
6 59.951149 60.02442| 59.97558 60.02442 59.95116 59.98535 0.07326]  0.037035
7 59.97559 60.02448| 59.97558| 60.02442] 60.04884 60.00978 0.07326(  0.03277]
8 60.04884 60.02442| 60.02442 60.02442] 60.04884 60.03419 0.02442) 0.013375
9 59.9755 60.02448 59.97558] 60.04884] 60.04884 60.01466) 0.07326] 0.037039
10 60.02442 60.02442) 60.02442] 60.02442] 60.02442 60.02442 0 0
11 59.97558 59.9511¢ 59.9755 60.04884] 60.02442 49:09549)1 0.09768  0.040126)
12 60.02442 60.04884) 60.04884 60.04884] 60.02442 60.03907 0.02442f 0.013375
13 60.02442 60.04884] 60.04884] 60.04884 60.024424 60.03907 0.02442) - 0.013375
14 59.97558 60.02442 60.02442] 60.02442] 59.95116 60 0.07326] 0.034535
15 59.97558 60.0244 60.02442 59.95116] 60.04884 60.0049) 0.09768 0.040133
16 60.04834 60.02442| 60.02442| 60.02442 60.02442 60.0293 0.02442f 0.010921
17 59.95116 59.97558 60.02448 60.02442] 59.97558 59.99024 0.07332)  0.032779|
18 60.02442 60.02442) 60.04884] 60.04884] 60.04884j 60.03907 0.02442f  0.013375
19 60.04884 60.02442, 60.04884| 60.02442] 59.97558 60.02442 0.07326 0.029908
20 60.02442 60.02442) 60.04834 60.04884 60.02442 60.03419 0.02442) 0.013375
21 60.024421 5997558! 60.02442] 60.02448] 59.95114 60.00001 0.07332) 0.034546
22 59.97558 59.97558] 59.97558 60.02448] 59.97558 59.98536 0.0489 0.021869
23 60.02442 60.02442] 60.04884 60.04884] 60.02442 60.03419 0.02442) 0.013375
24 59.97554 59.97558 60.02442 59.97558 59.97558 59.98535] 0.04884) 0.021842
25 60.02442 60.02442 60.04834| 60.04884] 60.02442 60.03419 0.02442f 0.013375]
Avg. 59.98711 0.177785 0.07616
Standard Derivation = 0.2482

wiiaiiansaIuguuWUgAIRAY (X-bar Chart)

4
dlon=5'14 A,=1427
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w18 UCL, =59.98711+(1.427)(0.07616) = 60.096
CL_ =59.98711
LCL, =59.98711—(1.427)(0.07616) = 59.8784
m%m‘hﬁﬂmimuquu,wugﬁﬁiuﬁmmummimﬁfmtiN (S Chart)
dlen=>5914 B, =2.089,B,=0
wld
UCL, = (2.089)(0.07616) = 0.1591
CL, =0.07616
LCL, =(0)(0.07616) =0

Tunséifinszuums ades az'ld

4 A '
e P fls anwdawanilszianides

wazez 14

1-F
A
e n=5,z=3
ANRRCYDINTZUIUMSINAY 27, = 60.01329 (AUDTYBINTZUIUNIT IUNTANTZUL
Aaunualing) TaeAdeduuAT§IUAIBE1NUBINTZUIUM T TUnT BN TELIIOY

amilsnd Ao 0,029 9314
~0.0290

O-. =
2 913

wazAmdsuenszuIunmsideu lilegn
14, = (59.7558+59.15018+60.39072)/3 = 59.76557
2 b4 ° 5 .
dlefimssuniuszuulasmsi@mni 1 8as 20°cadll  se@wnsasamsn

amamasullsznnnasdidein

At o]

@ z
2 o 2 2
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A & ' ' =
(1o S A0 NaANVYANANURAIVDINTSUIUNIT

s
fatiu 9214

ﬁ=¢{3_wﬁ]_¢{_3_m@]

0.0290 0.0290
p=ol-16]-4[-2
p=0
az'ld
1
ARE=""""21
1-0

nindeyalumsiah 5.8 iwnainupugiiaitgu pazitasnmilunszuaums

P A R gya o w = o a
ﬂﬂluﬂ\iﬂqel‘lﬂlﬂinﬂﬂﬂ']iﬂfl‘ﬂﬂll'ﬂWﬂﬂimﬂﬁxﬂ']uﬂ157nﬂ’lu¢nlﬂliﬂﬂ

UCL, = 60.04874 UCL, = 0.051899
CL. = 60.01329 CLy = 0.024884
LCL. =59.97783 LCL; =0

Py 1 A oA LA &
il:;’vlﬁﬂi'lﬂ ANRAYUASANUIULUNIATTIUAIBYTN 7D

X bar Chart

60.6

60.4 &

60.2 h

59.8
59.6 \ I =&—x bar
\ I ~f@-UCL
59.4 \I cL
et LCL
59.2
¢

59

TEMPERATURE

58.8

586 | - U PO S— S e

58.4

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

MW 5.11 (n) waaans ™ X bar uaasii lAnamsaamguasiagurgitiluda

4 'Q a A
dleszuugnsunIuINd Mg HAYINA (e n=>5)
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S Chart

0.7

Bib: e Rl e

0.5

R N
R ==
[
I

Standard Derivation

~=>¢=LCL

0.2

0.1

o L% o — e e e B

i1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1819 20 21 22 23 24 25

v

MW 5.11 (W) uaaenT s uaasmil lannnsanauadunisiaguugiithlude

u

fleszULgATUNIMNIA IMANHALINA. (Gle n=5)

2N 511 Wuns i X bar -8 udasgangiitldvinmsimnanedda sz

Hda ad a d’ a : a o a a Aa )
gRsumuvInguwaiiAnlsnanmaty lasmsiamiganad 29 CSina 1@as 1 1
1 4 =1 1 ¥ 4 i) T
suy MINASINAREY (X=Chart) asiiitldans suuwersunsaileanizasdliogh 60 "
A o a :‘ Ha a o a a v o a ad
defmaAwiitguuad 20 CSna 1 aas asludy | azamITnAnIuAIUAASNAT
a 4 T uy i w = oA ) v 5
davwiyldededanu Taudnnvaiiisnnerasgugaeg19(s Char)alt Lazuaniiniiu
o o a
s X-bar § Geiildisduazueafiuaanuiiulilvesszon
4. Weszuvegluanizzasiads Guiiufinwa 1y MSDE Database Manager #4910

aa P ) Ry w1
ﬂ'ﬁﬂﬂa@qqmﬁguﬁnl‘ﬁ"]ﬁﬂ'quﬂ\"ﬁ luﬂﬂ’lu']uﬁ']ﬂU’I\lﬂ'ﬁﬁiaﬂﬁﬂuﬁﬂ 7 a30819 (n="7)
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H 1o Sn Y 1w P o = =
A131N 5.9 uaasai ldnmsguisguuginh luduiiessvugniunuaninauvgiralsng

Standard Derivation = 0.2105

maasnansALAUIEUATANRGY (X-bar Chart)

don=7918A,=1.182

a2l

UCL, =59.9954 +(1.182)(0.0829) = 60.0934

CL. =59.9954

Won=7
Sample| Saml | Sam2 | Sam3 | Sam4 | Sam5 | Sam6 | Sam7 |Average|Range| S
Number

1 60.02442 60.02442) 60.04884 60.04884] 60.02442] 60.02442] 59.97558 60.02442| 0.07326] 0.02442]
2 60.04884] 60.02442 60.02442  60.02442]  60.02442] 59.95116| 58.75458 59.83604| 1.29426{0.477849)
3 5838828 58.75458 59.19414) 59.48718 5992674 60.21978 60.58608 59.50811|2.1978020.792106
4 6053724 60.34188 6026862 60.17094] 60.09768 60.04884 59.97558 60.20583|0.561661/0.192726}
5 59.92674 59.95116 60.02442] 5997558 60.02442] 59.95116 59.97558 59.97558| 0.097680.037302
6 60.02448 59.97558) 60.02442] 60.04834)  60.04884] 60.02442 60.02442 60.02443| 0.07326| 0.02442]
7 60.02442 60.04884) 59.97558  60.02448 59.97558] 60.04884) 60.04884) 60.02094] 0.073260.032851
8 60.02442 60.02442] 60.02442] 60.02442] - 60.02442] | 59.97558 59.95116 60.00698 0.073260.030612
9 59.97558 60.04884 60.02442) 60.02442) 60.04884] 60.04884]  60.04884  60.0314 0.073260.027172
10 60.02442| 60.02442 60.04884]  60.04834] 60.04884] 60.02442  59.97558  60.02791| 0.07326{0.026106
11 60.02442| '60.02447] 60.02442] 59.9511¢ 59.97558] | 60.02448]  60.02442] 60.00699| 0.073320.030618}
12 59.9511¢ 60.04884) 60.04384| ~60.02442  60.02442] | 60.02442) 60.02442 60.02093| 0.097680.032849)
13 5995116 59.97558 60.02448 < 60.02442 ~59.97558 60.02442  60.02442] 60.00001| 0.073320.031534f
14 6004884 60.04884] 60.04884]  60.04384] ~ 60.02442 60.04884] * 60.02442] 60.04186| 0.024420.011916}
15 59.97558 60.02442) 60.02442| - 60.04834] | 60.04884] | 60.02442)  60.02442 60.02442| 0.07326| 0.02442)
16 59.9755860.02442] 60.04884)  60.02442] 60.04884] 60.04884] = 60.02442] 60.02791| 0.073260.026106)
17 60.02442] 59.97558| 60.02442] 5995116 59.97558] ' 60.02442  60.02442] 601 0.073260.031526
18 60.02442| 60.02442] 60.04884  60.04884] 60.02442  59.97558  59.97558 60.01744| 0.073260.030612]
19 60.02442] 60.02442] 59.97558  60.02442|  60.02442] 60.02442 60.04884] 60.02093| 0.073260.021972]
20 60.02442 60.04884 60.02442] 60.02442] | €0.02442] 60.02442] 60.02442 60.02791| 0.02442 0.00923)
21 60.02442| 59.95116). 59.97558 60.02442  60.02442 60.02442) 60.04884] 60.01047] 0.097680.034122]
22 60.02442| 60.04884) ~60.02442| 59.97558  60.02442] 59.97558 59.97558 60.00698| 0.073260.030612]
23 60.02442 60.02448 59.9511¢ 59.97558 59.97558 59.97558  60.02448| 59.99304| 0.073320.030633
24 59.97558 60.02442 60.02442  60.04884 60.04884) 60.02442| 59.97558 60.01744 0.073260.030612
25 59.97558 60.02442| 59.97558. 59.9755§ 60.02442) 60.02442 60.04884 60.00698 0.073260.030612

Avg. 59.9954{0.2256480.082918
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LCL, =59.9954-(1.182)(0.0829) = 59.8974

miadnamsnunuuHuglianleuluATgIUAI8E . (S Chart)

A
Wion=7121AB,=1.882,B,=0.118

wld
UCL, = (1.882)(0.0829) = 0.1560
CL, =0.0829
LCL =(0.118)(0.0829) = 0.00097
9N
\ 1
1-F,

A
Wwon=7,z=3

AURAVEINTZUIUMIWIND 4 = 60.01493 (AunfevsenszuIums lunsaliszuy
umulynd) TagaulisanunasIuAIpgeveInszIums unstiissu iy

alsnd fe 0.0284 9314

0.0284
O_- =

V/ 43

wazmdovesnsziauntsidenhledd
14 = (59.83604+59.50811+60.20583+59.97448)/4 = 59.88139
defimssunauszunlasmaguir: aas20°cacld mamnsamiuRin
amanasuilsznniaadlden

i

n
o 7 o

4 & 1 1 o
118 S A8 HANTNYDIAURATUYDINTSUIUMT

LY 3 P
iy azla

ﬂ=¢[3—%}—¢[—3_%ﬁ_}
,B=¢[—9.44]_¢[_15'44]
p£=0
'l
1
ARL= —— =1

1-0
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3 { o a 4
ﬂ’]ﬂ"]ﬂn“ﬂlu¢]1i'l\lﬁ 5.9 u'liﬂﬁ%"lquﬂuﬂ"ﬂﬂ'lﬂ kY llazlﬁﬂq 9 ﬂlﬂuﬂizﬂ’lu na

1 A 2 gYa o w = o a
ﬂﬂluﬂqiNl‘D"Uﬂﬁnﬂﬂﬂ15ﬂ3nﬂuTnﬂﬂimﬂizﬂquﬂ15ﬂ1\11u¢]1“ﬂinﬂ

UCL, =60.0450 UCL, =0.047867
CL. =60.01493 CL; =0.025434
LCL_ =59.98487 LCLg =0.003001
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a3t 5.10 uaraamd 1dninisguiagumginilusudessungnsuniunnaimaiifeysnd
en=>5
Sample | Saml | Sam2 | Sam3 | Samd4 | Sam5 |Average| Range S
Number

1 60.02442  60.02442 60.04884] 60.04884] 60.02442) 60.03419 0.02442)  0.013375
2 60.02442]  60.04884 60.024421 60.02442  60.02442 60.0293 0.02442)  0.010921
3 60.04884  60.024420 5997558 60.02442] 60.04884] 60.02442  0.07326  0.029908
4 60.02442]  60.02442]  60.04884] 60.04884] 60.09768 60.04884f  0.07326 0.029908
5 60.21978 57.2649¢  57.26496] 58.75458 57.24054) 58.14896 2.979243 1.326954
6 57582420  56.48352] 5643468 56.77656| 56.36142 56.72772] 1.221001)  0.503135
7 5550672 55.8241 54.77411] 54.04151 53.87057 54.80342f 1.953602 0.86431]
8 53.84615  53.79731| 53.72405 ~53.67521| '53.62637 53.733824  0.21978  0.089053
9 53.57753] 53.50427 . 53.47985|  53.45543 53.67521)  53.53846 0.21978  0.089058
10 54.21245 54.6031') 54.94505] 5528694 55.57998 54.925520 1.367521f  0.541222
11 55.94628  56.2881¢ 56.60562 56.92308 ' 57.2893% 56.6105] © 1.343101]  0.525286
12 57.60684 ~ 57.94872 - 58.21734]  58.55922] 58.8522¢ 58.23687| 1.245421]  0.490654
13 59.16972)  59.48718 ~ 59.80464| 60.14652 60.41514)  59.80464| 1.245421}  0.498372
14 60.58608  60.39072]  60.26862]  60.19536] 60.14652  60.31746 0.43956 0.176095
15 60.04884f 59.97558 59.97558 59.97558  60.02442 604 0.07326  0.034535
16 60.04884  60.02442 5997558 60.04884]  60.04884 60.0293] 0.07326 0.03184
17 60.02442  60.02442]  59.95116) 59.95116/ '60.02448 ~ 59.99513 0.07332 1 0.040137
18 60.02442]  60.04884  60.04884f 60.048841 60.024421  60.03907 0.02442|  0.013375
19 60.04884 59.97558  60.02442)  60.04884f 60.02442  60.02442 0.07326/  0.029908
20 60.02442]  60.02442] 60.048384) | 60.02442) 60.02442 60.0293 0.02442 -~ 0.010921
21 60.02442]  60.04884 = 60.04884]  60.04884] 60.04884  60.04396 0.02442f  0.010921
22 60.02442 59.97558 59.97558] 59.95116| 60.02442 59.99023 0.07326| 0.032763
23 60.024420 60.02442  60.04884] 60.02442] 60.02442 60.0293 0.02442)  0.010921
24 60.02442  60.04884  60.02442| 60.04884 60.02442|  60.03419 0.02442)  0.013375
25 59.97558  60.02442  59.97558] 60.02442) 60.04884] 60.00977 0.07326]  0.032763
Avg. 5868835 0.519661] 0.217989

Standard Derivation = 2.2247

miatiiansnuguueUgNAIRAY (X-bar Chart)

4
don=5v1d A, =1427

2214

UCL. =58.68835 +(1.427)(0.2179) = 58.9993
CL. =58.68835
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LCL, =58.68835—(1.427)(0.2179) =58.3774

miasinamsnuauUHULBANTIBAUUINATFIUAIBEN (S Chart)

&
@on=514B,=2.089,B,=0

wld
UCLg = (2.089)(0.2179) = 0.45519
CLg =0.2179
LCL; =(0)0.2179)=0
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a

T T E4 1 1
1 9y 1w a o [ a
m919d 5.11 uaaeai ldnmsguiagangiihluduilessuugnsuniuninaungiraling

A
Wwen=7

Sample| Saml | Sam2 | Sam3 | Sam4 | Sam5 | Sam6 | Sam7 |Averagg Range| S

Number
1 60.02442 60.02442| 60.04884 60.04884 60.02442| 60.02442] 60.04884 60.03489 0.02442 0.013053
2 60.02442] 60.02442] 60.02442 60.04884] 60.02442] 59.97558 60.02442) 60.02093| 0.07326 0.021972
3 60.04884] 60.02442] 60.02442 60.04884] 60.04884 60.09768 60.21978 60.07326 0.19536  0.06907
4 57.2649¢| 57.26496 58.75458 57.24054 57.58242 56.48352 56.43468 57.28938 2.319902 0.776337
5 56.7765¢] 56.36142] 55.50672 55.82418| 54.77411 54.04151] 53.87057 55.30787) 2.905983| 1.12008I
6 53.84615 53.79731 53.72405| 53.67521| 53.62637 53.57753| 5350427 53.6787] 0.34188 0.120814
7 5347985 53.45543| 53.67521| 54.21245] 54.60317 54.94503 55.28694 54.23687| 1.831502 0.734633
8 5557998 55.94628 56.28816 56.60562) 56.92308) 57.28938 57.60684 56.60562 2.026862 072551
9 57.94872 58.21734 58.55922 58.85226 ' 59.16972 5948718 5980464 58.8627 1.855929 0.672749)

10 60.14652] 6041514 60.58608| 60.39072 60.26862| 60.19536 60.14652 60.30699 0.43956 0.164334

11 60.04884 59.97558 50.97558 59.97558 60.02442] 60.04884 60.02442 60.01047 0.07326 0.034122)

12 59.97558) - 60.04884] 60.04884] 60.02442 60.02442) 59.95116 59.9511¢ 60.00349 0.09768 0.043292

13 60.02448  60.02442] 60.04884] 60.04884] 60.04884] 60.02442 60.04884] 60.03838 0.02442f 0.013042

14 59.97558] 60.02442|  60.04884 60.02442] 60.02442| 60.02442) 60.04884] 60.02442 0.07326  0.02442

15 60.024420 60.02442 60.02442] 60.04884] 60.04884]  60.04884  60.04884 60.03837] 0.02442" 0.013053

16 60.02442  59.97558 59.97558 59.95116 60.02442 60.02442 60.02442 600 0.07324 0.031526

17 60.04384) 60.02442) 60.02442] 60.02442| 60.04884] 60.02442 60.04884) 60.03489 0.02442 0.013053

18 60.02442] 59.97558| 60.02442) 59.97558| 60.02442] 60.04884 60.02442 60.01395 0.07326  0.02769)

19 60.02442 59.97558 59.95116 60.02442| 60.02442| 60.04884) 60.02442 60.01047 0.09768 0.034122

20 60.02442] 59.95116] 59.97558| 59.97558| 60.02448| 59.97558 60.04884f 59.99652 0.09768 0.035755

21 60.04884 60.02442] 59.97558 60.02442| 60.02442 60.02442f (59.95116 60.01047 0.09768 0.034122

22 59.97558 60.02442] 60.02442 59.97558/ 59.97558| 59.97558 60.02448 59.99652f 0.0489 0.026117

23 59.97558 60.04834 60.02442| 60.02442 60.02442] 60.02442] 60.02442 60.02093| 0.07326| 0.021972

24 60.02442] 60.04884] 60.02442] 60.04884] 60.02442| 59.97558] 1 60.02442 60.02442 0.07326( 0.02442

25 60.04884| 60.02442| 60.02442| 59.97558 60.02442 59.95116] 59.97558 60.00349 0.09768 0.035747

Avg. 59.06574 0.522591)  0.19324]

Standard Derivation = 1.9712

miaiiiansaunuunugiAunay (X-bar Chart)
| Y Y
(o n=7 9 1A A, =1.182

2214



109

UCL, = 59.0657 + (1.182)(0.19324) = 59.29411
CL, =59.06576
LCL_ =59.06576 - (1.182)(0.19324) = 58.83735

wias1fansAIUAUIHUgRANTsNUUL I g TUAIBE14 (S Chart)
o n=7114B,=1882,B,=0.118
wld
UCL, = (1.882)(0.19324) = 0.36367
CL, =0.19324
LCL, = (0.118)(0:19324) = 002280

e n=7,2=3
AnnAsvBINIEUIUMEIIY 2, = 60.01493 (AunABvBINTELIUMS IUnTalRTE L
Wnuailing) Taaaniieau1nas§IuA81998INIZINUMS IUNTAN ST Y

anlsné Ae 0.0284 32'ld
10,0284

J7

O%

" 44 o

uazAtRdseIniyIumsideu leghn

14 =(60.07326+57.28938+55.38787+53.6787+54.23687+56 60562+58.86272+60.30699)/8
=57.04513

A a :’ a o 1 e&
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o ok
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M13197 5.12 uﬁm?h'?i"lé’mﬂﬁtfu’iﬂqmwgﬁﬂﬂuﬁ'«ﬂaiwugﬂsumumnmmgﬁﬁﬂﬂiﬂﬁ
Won=35
Sample | Saml | Sam2 | Sam3 | Sam4 | Sam5 |Average| Range S
Number

1 60.02442] 60.02442] 60.04884] 60.02442 60.02442 60.0293 0.02442{ 0.010921
2 60.04884]  59.68254] 59.00646] 59.41392 59.04762] 59.4578§ 1.001221} 0.418503
3 5836386 58.68132] 58.26618] 57.85104 58.19292} 58.27106 0.830281| 0.29978
4 57.87546 57.36264] 57.65568| 56.67888 56.89866 57.29426 1.196581 0.502068
5 59.97558 59.97558 57.89988 60.02442 58.58364] 59.29182  2.124542| 0.988785
6 58.94994] 5929182 59.58486 59.97558 60.26862 59.6141¢ 1.318681) 0.52557
7 60.53724]  60.46398  60.26862] 60.1953¢ 60.14652  60.32234 0.39072] 0.170416
8 60.04884]  59.97558] 59.95116| ~ 59.97558  60.02442 59.99512 0.09768| 0.040126
9 60.07326]  60.07326] 60.07326| 60.04884]  60.04884  60.06349 0.02442] 0.013375
10 60.04834]  60.02448 5995116 59.97558 59.97558 © 59.99513 0.09768 0.040137
11 60.02442] 59.95116] 59.97558] 60.02448 ' 59.97558) = 59.99024 0.07332] 0.032779
12 60.04884| ~ 59.97558| - 59.97558|  59.97558 | 60.02442 60 0.07326} 0.034535
13 59.97558 = 59.9755 60.04884] ~ 60.04884] 5997558 60.0048 0.07326| 0.040128
14 60.04884)  60.02442|  60.04884|  60.024420 60.02442  60.03419 0.02442| 0.013375
15 60.02442) - 59.97558 ' 59.97558 | 59.97558  59.9755 59.98535 0.04884] 0.021842
16 60.04884]  60.04884|  60.04884| 60.02442  60.0438 60.04396) 0.02442{ 0.010921
17 60.02442f 5994994 60.0244 | 59.97558  59.97558 59.98998 0.07448| 0.033124
18 60.02442|  60.04884 60.02442  60.02442  60.02442 60.0293 0.02442] 0.010921
19 60.04884] 6002442 ~ 60.04884|  60.02448 59.95116 60.01955 0.09768| 0.040128
20 50.97558] 59.97558 59.97558] | 60.02448 59.97558 59.98534 0.0489( 0.021869
21 60.02442]  60.02442] 60.04884|  60.04884] 60.02442) ~ 60.03419 0.02442| 0.013375
22 60.04884] 60.02442| 60.02442| 59.95116  59.97558  60.00483 0.09768| 0.040126
23 59.9755 60.0244 59.97558 60.04884 60.04884]  60.01466) 0.07326] 0.037039
24 60.02442)  60.02442]  59.97558] 60.02442)  60.02442  60.01465 0.04884] 0.021842]
25 60.02442]  60.04884) 59.97558| 60.04884]  60.02442]  60.02442, 0.07326] 0.029908

Avg. 59.78041 0.319464 0.136464

miaasitamImuguUALGEAIRAY (X-bar Chart)

Won=51214 A, =1.427

la

UCL, =59.78041+(1.427)(0.136464) = 59.97514
CL. = 59.78041
LCL,_ =59.78041—(1.427)(0.136464) = 59.58568
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MaasnansAIunuuEUg A UTsaIUNINT§IUAIDE14 (S Chart)

1o n=5 92 14 B,=2.089 , B,=0

awld
UCL, = (2.089)(0.136464) = 0.28507
CL; =0.136464
LCL, = (0)(0.136464) =0
90

1
1-F,

Lﬁ’e’) n=5,z=3
ANRAEVBINTTUIUMINAY 4, = 60.01329 (AINABVDINTZUIUMI TN TalRTELLIIOY
alsnd) TasAndeuununasgiudiedvenssuiuntslunsaiiszuuiaumuylng

A9 0.029 3214

0.0290
O =

(&

nazAunAvvenszuaunIsiaeu liegh
14 = (59.45788+58.27106+57.29426+59.29182+59.61416+60.32234)/6 = 59.04192
v £
defimssunaussuy  Tasmsdnii1 0.5 ans 44°C aaldnng 1 uf funar 5 il

FrENIsaMILINAINAa IR Aol suanided 1dnn

o

n
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1o 6 A9 HARINUDIAURAYVDINTEUIUNIT

¥
fariu ozl

oI 5OTRE
B=¢[-71.9]-¢[-77.9]
B=0

ARL= L =1
1-0



1 A < 9A o w = o a
ﬂﬂluﬂiﬂilﬁmﬂ'ﬂ1ﬂﬂﬂ“liﬂ']‘l]ﬂﬂﬂ"lﬂﬂimﬂﬁzﬂ’]uﬂ'ﬁ‘ﬂ'l\ﬂuﬂ']ﬂﬂiﬂﬁ (n=5)

UCL. = 60.04874 UCL, =0.051899
CL. = 60.01329 CL, =0.024884
LCL, =59.97783 LCL,=0

v = oA o &
ﬂﬁvlﬁﬂi "Iﬂﬂ‘llﬂa YUasANUYUDUNIATTIUAIBEN AD
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9 { o a A
ﬂ1ﬂ1lﬂigﬁ1u¢l’]51\1ﬁ 5.12 U’]N']ﬁ%}TQLLNUQNﬂ’JUﬂn llazLNQQﬂ1ﬂlﬁuﬂ5$U3un15
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59.5
59
58.5

58

TEMPERATURE

57.5
57
56.5
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55.5

X bar Chart

P D 4 15l SRt 1117 RLCIATISNANIG1ANE * 19l bt el 25 M25

==X bar
—8—UcCL
—ar=CL
=>=LCL

1 1 ¥
MW 5.15 () Beraana I X bar Laasati lanansanaamiqunisiagamgiilugs

P Je X’
dieszUUgnNs UNIUNNTUMANARLTDA (= 5)
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S Chart

12

SN
// \\ =
RTAAA -

Standard Derivation

M ¥ ¥
AN 5.15 (1) waaans il § taeema ldnansiuiamigumsiagur i lud
4 a4 4
[aszuUgnsuUNIUINAIMANHALING (1= 5)

4 - qd' 9 o aa &
1NAINN 5.15 L‘ﬂuﬂi'lﬂ X bar -S wuﬂmqamguw"lﬂmnmsmmmmmm SIAREATN]

:{n od‘ a .g a : d'd a o =Y o 3
gnsumuvInaugiRallsnATadu laemaduhmilaungl 44 “CUfnac0s das g

a

= P ' a 2 P '
ITUU 9N 9 1 UM l'ﬂunfn SUIMN ﬂ']nﬂi']ﬂfnﬁlﬂﬁ (X-Chart) ﬂgl“uhlﬂ']1igﬂﬂw5']ﬂ1llﬂ\iﬂ1

A a T H A =} ﬂy H a =) E=Y -
dloarnmzawdalfadi 60 “c elimsiduilieamnd 44 °C USum 05 Gas aludiyn 9
a P=1 ° £ o a a = :' 1 é 4'
1w dhuna sandt dldssruhanuiiadsnd samgithazanassimin  uaziiovya

I L4 1
sunussutsznesunaudungauthwmansiis 114 As 60 “c- aslAmag (X Chart)
v W a q:} a d? u’;’ 9 =1 = 3 ]
wannToanIuauARsnaifhatiy 1@ b A nTienuIATIUAIBEN (S Chart)

9 b @ g <
&1 uazuenmimiunT i X bar-s S ldifuazisuiuaauilyllvesssuy
4. Weszuvedluanignaiindasuiiufinealy MSDE Database Manager 33910

aa 3} { i . o) 1 @ 1
MINARBIgUUANENTTENIT AN R8s 1uIUAIBE1INIATINAOLAB 7AIBIN (n="7)
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! oAy v T W ad o a a
M13199 5.13 uaaai ldnmsduiagangiihluduilessuugnsununinaungiraling

&
Wwon=7

Sample| Saml | Sam2 | Sam3 | Sam4 | Sam5 | Sam6 | Sam7 |Averagei Range| S

Number]

1 60.02442] 60.02442| 60.04884] 60.04884] 60.02442 60.02442 60.04884] 60.03489 0.02442 0.013053]

2 60.02442 60.02442] 60.02442] 60.04884] 60.02442 59.97558| 60.02442] 60.02093] 0.0732¢ 0.021972

3 60.04884] 60.02442| 60.02442] 60.04834] 60.04884] 60.09768 60.21978 60.07326 0.19536 0.06507

4 57.26496 57.26496 58.75458| 57.24054| 57.58242| 56.48352| 56.43468 57.28938 2.319902 0.776337

5 56.77656] 56.36142| 55.50672| 55.82418 54.77411| 54.04151) 53.87057 55.30787] 2.905983 1.120081

6 53.84615 53.79731| 53.72405| 53.67521| 53.62637 53.57753| 53.50427] 53.6787 0.34188 0.120814]

7 53.47985 53.45543| 53.67521| 54.21245) 54.60317 54.94505| 55.28694 5423687 1.831502 0.734633

8 55.57998 55.94628 56.28816] 56.60562| 56.92308| 57.28938 57.60684 56.60562 2.026862 0.725512

9 57.94872) 58.21734) 58.55922] 58.85226 59.16972 59.48718 59.80464 58.86272 1.855922 0.672749

10 60.14652) 60.41514 60.58608] 60.39072| 60.26862 60.19536 60.14652] 60.30699. 043956 0.164334

11 60.04884 59.97558 59.97558 59.97558| 60.02442 60.04884] 60.02442| 60.01047 0.0732¢ 0.034122

12 59.97558 60.04884] 60.04884] 60.02442| 60.02442 59.95116 59.95116 60.00349 0.0976§ 0.043292

13 60.02448 60.02442| 60.04884 60.04884] 60.04884] 60.02442| 60.04884| 60.03838 O_OZMj 0.013042

14 59.97558 60.02442| 60.04834] 60.02442| 60.02442) 60.02442) 60.04834) 60.02442) 0.07324  0.02442

15 60.02442] 60.02442] 60.02442] 60.04884| 60.04884 60.04834| 60.04884 60.03837] 0.02442 0.013053

16 60.02442) 59.97558) 59.97558 59.95116| 60.02442) 60.02442) 60.02442 60 0.0732¢ 0.031524

17 60.04834| 60.02442| 60.02442] 60.02442| 60.04884) 60.02442) 60.04884) 60.03489 0.02442 0.013053]

18 60.02442] 59.97558 60.02442] 59.97558 60.02442 60.04884 60.02442| 60.01395 0.07326  0.02769

19 60.02442| 59.97558 59.95116 60.02442 60.02442| 60.04834 60.02442] 60.01047] 0.0976§ 0.034122

20 60.02447 59.95116| 59.97558 59.97558| 60.02448 59.97558 60.04884) 59.99652 0.09768 0.035755

21 60.04884) 60.02442| 59.97558 60.02442| 60.02442) 60.02442| 59.95116 60.01047, 0.0976§ 0.034122

22 59.97558 60.02442] 60.02442 59.97558 59.97558 59.97558 60.02448 59.99652f 0.0489 0.026117

23 59.97558 60.04884) 60.02442] 60.02442| 60.02442 60.02442| 60.02442 60.02093|  0.0732¢ 0.021972

24 60.02442] 60.04884] 60.02442| 60.04884] 60.02442 59.97558 60.02442 60.02442) 0.0732§ 0.02442

25 60.04884] 60.02442| 60.02442 59.97558 60.02442 59.95116 59.97558 60.00349 0.09768 0.035747

Avg. 59.06576 0.522591f 0.19324

Standard Derivation = 1.9712

miadiian1sAIuANUHUYIALRAY (X-bar Chart)
4
o n=71z14 A, = 1.182

ala
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UCL, = 59.0657 +(1.182)(0.19324) = 59.29411
CL. =59.06576
LCL._ = 59.06576—(1.182)(0.19324) = 58.83735

A IaMImMuAuIHUYTAUTsAUUIIATFIUAIBE1 (S Chart)

Wen=7%1dB,=1882,B,=0.118

wld
UCL; =(1.882)(0.19324) = 0.36367
CL, =0.19324
LCLy = (0.118)(0.19324) = 0.02280
2N

1
1-F,

o n=7,2=3
ANRAIVOINTIUIUMTINAL 1= 60.01493 (ANRABYBINTZVIUMS WUNTANTT UL
awilind)  TaeAudesuumnasgiudieduvesnssuiums wnsdinszuwiaueuilsng

79 0.0284 9214

0.0284

O-
ey

= < d 1
uazmmaﬂmmnszmumsmaau"lﬂegw
iy =(60.07326+57.28938+55.38787+53.6787+54.23687+56.60562+58.86272+60.30699)/8
=57.04513

A = :‘ = =y o i
dletimssuniuszuulaenisiauiiine’c s 1 aas aely IR ASAAIUIUAIAIY

RS

. . N
amawmaoullszaniaealaein

L sn
ﬁ—¢[2% -

A a . L

(e & Ao Han19YaIAUNEUBINTIUIUNS
w o M)

@ariu 1218

e 43 _(2.9697 }_ ¢[_3 _ (2.9697 }

0.0284 0.0284
B =¢[-273]-4[-279]
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ARL= —— =1
1=0

9y = a £ a A
ﬂ‘lﬂ‘UaHaIuﬂ’ﬁ’]\‘lw 5.13 u’\ll”lffi'NHNqulﬂ’JUﬂU Haziuadn ﬂlﬂuﬂig‘ﬂju (18P}

1 & < I o w I o a
ﬂﬂLuEN‘il\liﬁf‘l!ﬂil'lﬂﬂﬂ'liﬂ’l‘ljﬂﬂﬂ"lﬂﬂiﬂlﬂizu’luﬂ'ﬁ'ﬂﬂ’luﬂ‘mﬂiﬂﬂ n=7)

UCL. =60.0450 UCL; =0.047867
CL. =60.01493 CL; =0.025434
LCL, =59.98487 LCL; =0.003001

9} 1 d' 1 4_-1' Q) 1 =1
i]?u’vlﬂﬂﬁ'lﬂﬂ“ﬂaﬂllaxﬂ‘lmF.Nl‘]_llul'lﬂiﬁ’luﬂ']ﬂU'N 19

X bar Chart

62
60 A—TU—W
58
\ / =&—Xx bar
56 =@-=UCL
54 ==LCL
Y

52

TEMPERATURE

50

1 02 3 4N N6 798 9 10 11 1271314715 16 /1718419 20 21 2223 24 25

r 1 v
MAA 5.16 (0) 1AAINs I X bar (LaAda 1N lAINMIMUImATguMs Iagavgiininluds

[WesTUUYNIUNIUINAUNANAALTA (n=7)
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S Chart

12

A
LS =
V[ =

Standard Derivation

A
|-

dy I dl Y o L ¥ d‘ = 1 QQ.J} 1 Y o 4 6 Y ¥
nanstiluenansiianulidmsunisidnuiensfnymingu Teugslihluldussloviaunisi

I3 ¥ O & a U v agve & - - & Ao ° v
13J'3']ﬂ5m1®6] NG @ﬂVNW'quIIVW]@LLUaQLu@cl/ﬂLLﬁSW@Q@WQ@QOQL"\nGﬂ@QL@ﬂﬁqiwﬂﬂﬁﬂmﬂﬂqiuqliﬂsﬁ
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A o } 4 o ! d'
5.4.5 naainvaaamanuieungamhaullyimile
| 9 1 o
1. 9InATAiEiBNTZUIUMSINGAN1IZAIAD
2. 5utiuiinwa’lu MSDE Database Manager
o o 3/ 1 5
3. NS TUNIUATELIUMS Tasngamainuvesvaataadudeu lignii
eaifoudufia llanwusedu lisvae) S liquugiiludanasson 9

u,l’ 9 kY o a
4. viniuilaliuaalraanudeuituaudsng

1
=

H 1A 1w noy o A a
m51af 5.14 uaaeii ldnmsduiagamgihluduileszuugnsunanaingiidailsng

Sample| Saml | Sam2 | Sam3 | Sam4 | Sam5 |Average| Range S

Number| | -
i 60.02442] 6004884 60.02447] 60.02442 60.02447] 60.0293  0.02442 0.010921
2 60.02442 60.04884 60.02442| 60.02442 59.95116 60.01465 0.09768 0.037035
3 60.02442 60.04884] 60.02442 60.02442 60.02442 - 60.0293 0.02442 0.010921
4 59.82906 59.73138 59.68254 59.58486 5048718 ~ 59.663 0.34188 0.131959
5 5943834 59.36508 59.29182 59.19414] 59.12088 59.28203 0.31746 0.127593
6 59.04762| 58.99878 58.92552| 58.82784| 58.75458 58.91087  0.29304 -0.120379
7 58.68132 58.60806 5855922 58.48596 5838828 58.54457 0.29304] 0.112703
8 58.33944 58.24176 58.68132] 58.60808 5855922 58.48596] 0.43956 0.186777
9 5848596 58.388281 58.33944| 5824176 58.33944 5835897  0.2442 0.088722

10 58.24176 59.19414] 59.60928 60.04884] 60.41514 59.50183] 2.173382 0.840737

11 60.63492) 60.21978 60.04884] 59.97558, 59.92674 60.16117] 0.708181 0.287182)

12 59.97558 60.04884) 60.07326] 60.04884| 60.02442 60.03419f 0.09768 0.037035

13 60.02442]  60.04884] 60.02442] 60.02442) 59.97558 60.01954f  0.07326 0.026751

14 59.97558 60.02442] 60.02448 60.02442 59.97558  60.0049 0.0489 0.026762

15 59.97558  60.02442] 60.02442 60.02442 60.02442 ' 60.01465 0.04884) 0.021842

16 60.02442 60.02442) 59.97558 59.97558 59.94994 59.98999 0.07448 0.033129

17 59.95114 59.97558 60.024421 60.02442] 60.02442 60| 0.07326 0.034535

18 60.024420 60.02442) 60.02442) 60.04884] 60.024421  60.0293]  0.02442 0.010921

19 60.02442) 60.02448 59.95116 59.97558 59.97558 59.9902'41 0.07332) 0.032779

20 60.024420 60.02442] 60.04884] 60.02442| 60.02442f 60.0293] 0.02442 0.010921

21 60.02442) 60.02442] 60.04884] 60.02442 60.02442] 60.0293] 0.02442 0.010921
22 60.02448 59.9511¢] 59.97558 59.97558 60.024421 59.99024{ 0.07332 0.032779
23 60.02442] 60.02442] 60.02442f 60.02442] 60.04884 60.0293] 0.02442 0.010921

24 60.02448 60.02442] 59.97558 59.97558 60.02442f  60.0049 0.0489 0.026762

25 60.02442 60.02442) 59.9511¢ 59.97558 59.97558 59.99023| 0.07326f 0.032763

Avg. 59.72551] 0.229607| 0.09215

Standard Derivation = 0.5694
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miasRAMIAILANUHULTA AT (X-bar Chart)
(ilo n=5 1314 A, = 1.427
'l
UCL. =59.72551+ (1.427)(0.09215) = 59.8570
CL. =59.72551
LCL. = 59.72551~(1.427)(0.09215) = 59.59401

maatitamImunuurugiaulisatuanas§IUaI18819 (S Chart)

don=5v14B,=2089,B,=0

wld
UCL, = (2.089)(0.09215) = 0.19250
CL; =0.09215
LCL, = (0)(0.09215) =0
1N
. 1
1-F,

A
We n=5,z=3

ANNFIVOINTTLIMMIWIAL 24, = 60.01329 (AuRFsvoInszLINMS IUnIdiNTzL
mauewding  Tasaudeauumas giuiiesnvesnszuiuns lupsafissu iy

5né 7v 0.029 9214

10,0290

5

Ox

4 SA iy
wazAunRAsveInTzUIUMINaeu lifegn

14, = (59.663+59.28205+58.91087+58.54457+58.48596+58.35897+59.50183+60.16117)/8
=59.11355
dlefinssunauszuy TasmsngamsiinuvesvaalamauieudavasHin  51aunIn

o 3 & P 3/
ﬂ’lu’)mﬂ'lﬂ’nﬂﬂa']ﬂmﬁﬂuﬂi&'tﬂﬂ“ﬁ’ﬂiﬂ.ﬂﬂ'lﬂ

i o

n
2
> o
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A & 1 1 d'

Wo S A9 NaANYBIANRAsYBINTZUIUMT
Y u’l’ 3)

aaiiu 9z 14

g ¢[3 _ (0.89974)15 jl B {_3 _(0.89974)V5 }

0.0290 0.0290

B = p[-66]-9[-72]

B=0
wld

1
ARL= —— =1
1-0
mm’fau“a“lumim?; 5.14 ﬁmm%quwugﬁmuqn wazitesmnilunszuauns

] A < Y o @ =3 o a
LITLRERN G AVINANTIAIUAUTINNTUNISUIU MU ulsna (0=5)

UCL. = 60.04874 UCL; =0.051899
CL. =60.01329 CLg = 0.024884
LCL, =59.97783 LCL; =0

P 1 A oA o ' &
3,’]1ﬂ ﬂi'lﬂﬂ']l.ﬂaﬂllﬁﬁﬁﬂ'llll ﬂﬁlﬂuﬂTﬂiﬁTUQTﬂ U149 AP

X bar Chart

L N\\24

TEMPERATURE

==X bar
\ / ~-UCL
58.5 % €L

=>6=LCL

58i

57:5

57

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

M 1 3
MW 5.17 (0) weaans 1l X bar uaasa1i ldoinmsannumdums faguugiiluds

WeszuugnIunIuInaIMaiinaling (o =>5)
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S Chart
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Standard Derivation

=>t=LCL

0.3

e e e S s e

LI S © " C—C — —" = J i

12345678910111213141516171819202122232425

¥ 1 3
M 517 @) uAadns il X bar aaeii WnnmsAunuatduns iagung i luds

& da o
YRRRATRT] Qﬂiﬂﬂiu\‘l’mﬁ‘lmﬂ'ﬂﬂﬂﬂiﬂﬂ n=25)

3
an &£

V1NN 5.17 §uns 1 X bar -8 uaasganglin lAninmsdamNana gz

Aa ad a é' o Y 3 ! =3
qQrsumMuIndiaiiRalsnAiAadu Iavvamahmufeungaimilsomile - an
1 { = 1 1 4 [ 1A A&
AsTAIR Y (X-Charg) © _asildtssutmenaminsriioaniizasdaliegi 60 "¢ i
yraandourgaiazilfganglanadigaanils ud s neUNaTINANAT

{ o q’/’ 1 4 Y L)
TWegi 60 “C nase wazannlAnliean AT IUAIBEN (8 Char) IEHINITOATITNY

1
ad a

A a =] 3 a 1 o

Fearadnanimennmssunld s ldusuglniuauannsotaglumsas v ydime
¥ 32

Antlsnannatula

5. leszuvagluanizasiangs Guliufinyali MSDE Database Manager F9910MINAADY

= A‘ 4 A -3 o L] L 1
gangilisudianiza WesiaudiedenisasIvaeufe 7 A186N (h=")
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1
a

H 1 H 9 LY a : Y] 4 a
M3 5.15 uaaeani ldnmsguiaguugihluduiieszsuugniuniuninaungiraling

Q

(19 n=7

Sample| Saml | Sam2 | Sam3 | Sam4 | Sam5 | Sam6 | Sam7 |AveragelRange| S

Number
1 60.02442] 60.02442] 60.04884] 60.02442| 60.02442) 60.02442] 60.02442| 60.02791| 0.02442 0.00923
2 60.02442] 60.04884] 59.68254] 59.09646 59.41392] 59.04762| 58.3638¢ 59.382521.6849820.60258
3 58.68132 58.26618| 57.85104] 58.19292| 57.87546] 57.36264] 57.65568 57.9836/1.318681{0.43452
4 56.67888 56.89866] 59.97558 59.97558 57.89988 60.02442] 58.58364] 58.57666(3.345543(1.465453
5 58.94994f 5929182 59.58486 59.97558 6026862 60.53724| 60.46398 59.86743|1.587302{0.609663
6 60.26862] 60.19536] 60.14652) 60.04884 5997558 59.95116 59.97558) 60.08024 0.31746 0.12429
i 60.02442] 60.07326] 60.07326] 60.07326 60.04884] 60.04884] 60.04884f 60.05582] 0.04884 0.01846
8 60.02448 59.95116 59.97558] 59.97558 60.02442 59.95116] 59.97558 59.98257 0.073320.030626
9 60.02448 59.97558 60.04884] 59.97558 59.9755 59.97558 60.02442 60.00001| 0.07326/0.031534
10 59.97558 59.97558 60.04884 60.04884 59.97558 60.04884] 60.02442 60.01395 0.0732¢] 0.03692
11 60.04834] 60.02442] 60.02442 60.02442) 59.97558 59.97558| 59.97558 60.00698 0.07326/0.030612

12 59.97558 60.04884| 60.04884f 60.04884 60.02442 60.04884f 60.02442f  60.0314 0.073260.027172

13 59.94994) - 60.0244] 59.97558 59.97558 60.02442f 60.04884] - 60.02442f 60.00331] 0.09890.036045

14 60.02442  60.02442| 60.04884| 60.02442| 60.04884] 60.02448 59.95116 60.02094f 0.097680.032851

15 59.97558 59.97558 59.97558 60.02448 59.97558] 60.02442 60.02442 59.99652  0.04890.026117

16 60.04834) 60.04884| #60.02442 60.04884] = 60.02442 60.02442( 59.95114 60.02442| 0.097680.034535

17 59.97558 59.97558| 60.02448 59.97558 60.04884 60.04884 60.07326 60.01745 0.097680.041622

18 60.024420 60.04884] 59.97558 59.95116 60.02442] 60.02442 60.04884) 60.01395) 0.09768] 0.03692

19 60.02442] 60.04884] '60.02442) 59.97558  60.02442] 60.04884] 60.02442 60.02442 0.0732¢ 0.02442
20 60.02442] 59.97558| 60.02442] 59.9511¢ = 59.97558 59.97558 59.97558 59.98605 0.0732¢ 0.02769
21 60.02448 59.97558| 60.04884] 60.02442 60.02442] 60.04884] 60.04884f 60.02792) 0.0732§0.026105
22 60.02442) 60.02442| 59.97558 60.02442 60.04884] 60.02442 60.02442 60.02093| 0.07326/0.021972
23 60.04884] 60.02442] 60.02442| 60.02442] 60.02442 60.04884] 60.02442f 60.0314 0.0244210.011916|

24 60.024420 59.95116] 60.02442  59.95114 59.97558 60.02442| 60.02442 59.99651| 0.073260.035747

25 59.97558 60.02442| 60.02442| 60.02442 60.04884] 59.97558| 60.04884 60.01744 0.07326/0.030612

Avg. 59.84761{0.38784410.152305)

' Standard Derivation = 0.4988

A fANsAILAUUHUYTAIRAYS (X-bar Chart)
(ile n=7 1214 A, = 1.182
'l
UCL, =59.80896+(1.182)(0.086126) = 59.91076
CL. =59.80896



LCL_ =59.80896— (1.182)(0.086126) = 59.5506

a4 o w a ot d' g 1
TIYATINANTIAIUAULUAUJUANULIULUNIATTIUAIBYN (S Chart)

@Won=7914B,=1882 B,=0.118

wla
UCL, = (1.882)(0.086126) = 0.16209
CL; =0.086126
LCL, = (0.118)(0.086126) = 0.010163
90
A 1
1-F,

@e n=7,2=3

125

ANRTGVOINTZLIUMIINAY 24, =60.01493  (AURFovRINsZUIUMITUNsHiNTzuDieY

awling)  Tasaudleaunuasgiudlesnveanssuiunts lunsdinszuuiuauilsna
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General Description

The LM158 series consists of two independent, high gain,
internally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power sup-
ply current drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, dc gain
biocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
tems. For example, the LM158 series can be directly operat-
ed off of the standard + 5V power supply voltage which is
used in digital systems and will easily provide the required
interface electronics without requiring the additional +15V
power supplies.

Unique Characteristics

m In the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a sin-
gle power supply voltage.

B The unity gain cross frequency is temperature
compensated.

m The input bias current is also temperature
compensated.

&National Semiconductor

LM158/LM258/LM358/LM2904
Low Power Dual Operational Amplifiers

December 1994

Advantages

m Two internally compensated op amps in a single
package

m Eliminates need for dual supplies

B Allows directly sensing near GND and Voyt also goes
to GND

m Compatible with all forms of logic

B Power drain suitable for battery operation

m Pin-out same as LM1558/LM1458 dual operational
amplifier

Features

m Internally frequency compensated for unity gain

B Large dc voltage gain 100 dB
m Wide bandwidth (unity gain) 1 MHz
(temperature compensated)
| Wide power supply range:
Single supply 3V to 32v

or dual supplies +1.5Vto 16V
W Very low supply current drain (500 pA)—essentially in-
dependent of supply voltage
m Low input offset voltage 2mV
m Input common-mode voltage range includes ground
m Differential input voltage range equal to the power sup-
ply voltage

H Large output voltage swing oVtio vVt — 15V

Connection Diagrams (rop Views)

Metal Can Package

NON-INVERTING

INPUT A INPUT B

TL/HI7787-1
Order Number LM158AH, LM158AH/883%,
LM158H, LM158H/883*, LM258H or LM358H
See NS Package Number HO8C

*LM158 is available per SMD #5962-8771001
LM158A is available per SMD #5962-8771002

DIP/SO Package

OUTPUT A vt

2 7
INVERTING INPUT A = p=— QUTPUT B

NONANVERTING __3

INPUT A INVERTING INPUT B

L 5 _ NON-NVERTING

INPUT B

TL/HI7787-2
Order Number LM158J, LM158J/883%,
LM158AJ or LM158AJ/883*

See NS Package Number JOSA
Order Number LM358M, LM358AM or LM2904M

See NS Package Number MOSA
Order Number LM358AN, LM358N or LM2904N

See NS Package Number NOSE

©1995 National Semiconductor Corporation TL/H/7787

RAD-B30M115/Printed in U. S. A.
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, please contact the Natlonal Semiconductor Sales Office/Distributors for availability and specifications.

(Note 9)

LM158/LM258/LM358
LM158A/LM258A/LM358A

Supply Voltage, V+ 32v
Differential Input Voltage 32v
Input Voltage —0.3Vto +32V
Power Dissipation (Note 1)

Molded DIP 830 mW

Metal Can 550 mW

Small Outline Package (M) 530 mW
Output Short-Circuit to GND

(One Amplifier) (Note 2)

vVt <15Vand Ty = 25°C Continuous
Input Current (Viy < —0.3V)

{Note 3) 50 mA

LM2904

26V
26V
—0.3Vto -+26V

830 mW

530 mW

Continuous

50 mA

LM158/LM258/LM358

LMm2904

LM158A/LM258A/LM358A

Operating Temperature Range
LM358
LM258
LM158

Storage Temperaturs Range

Lead Temperature, DIP
(Soldering, 10 seconds)

Lead Temperature, Metal Can
(Soldering, 10 seconds)
Soldering Information
Dual-In-Line Package
Soldering (10 seconds)
Small Outline Package
Vapor Phase (60 seconds)
Infrared (15 seconds) -

0°Cto +70°C
—25°Cto +85°C
—55°Gto +125°C

—65°Gto +150°C
260°C

300°C

260°C

215°C
220°C

—40°C to +85°C

—65°C to +150°C

260°C

300°C

260°C

215°C
220°C

See AN-450 “Surface Mounting Methods and Their Effect on Product
Reliability”” for other methods of soldering surface mount devices,

ESD Tolerance (Note 10) 250V 250V
Electrical Characteristics v+ = +5.0v, unless otherwise stated
Parameter Conditions LM158A LM358A LM158/LM258 LM358 LM2904 Units
Min Typ Max [Min Typ Max |[Min Typ Max |Min Typ Max |Min Typ Max
Input Offset Voltage | (Note 5), Ta = 25°C 1 2 2 3 2 5 2 7 2 7 mV
Input Bias Current ling+) oF in=), Ta = 25°C,
Ve = 0V, (Note 6) 20 50 45 100 45 150 45 250 45 250 nA
Input Offset Current | Iing+) — ling—), VoM = OV, Ta = 25°C 2 10 5 30 3 30 5 50 5 50 nA
Input Common-Mode | V+ = 30V, (Note 7)
V+—1, o] +~15 V+—1. +—15 +—1.
Voltage Range (LM2904, V+ = 26V), Tp = 25°C v L83 " 9 5 b Al 0 VE-1s)ov
Supply Current Over Full Temperature Range
Rg = oo on All Op Amps
V+ = 30V (LM2904 V+ = 26V) 1 2 1 2 1 2 1 2 1 2 mA
v+ =5V 0.5 1.2 0.5 1.2 0.5 1.2 0.5 1.2 0.5 1.2 mA




Electrical Characteristics (Continued) v+ = +5.0V, Note 4, unless otherwise stated

LM158A LM358A LM158/LM258 LM358 LM2904
Parameter Conditions - Units
Min Typ Max|Min Typ Max|Min Typ Max|Min Typ Max|Min Typ Max
Large Signal Voltage V+ =15V, Ty = 25°C,
Gain R = 2kq, (ForVg = 1V 50 100 25 100 50 100 25 100 25 100 V/mvV
to 11V)
Common-Mode Tp = 25°C,
0 65
Rejection Ratio Vom = OVtoV+ —1.5V 4 8 8 'y o & 8s %0 70 a8
Power Supply V+ = 5V to 30V
Rejection Ratio (LM2904, V+ = BV 65 100 65 100 65 100 65 100 50 100 dB
10 26V), Tp = 25°C
Amplifier-to-Amplifier f=1kHzto 20 kHz, Tp = 26°C S A _ _ _
Coupling (Input Referred), (Note 8) ¥° " i 120 120 120 B
Output Current | Source | Vit = 1V,
ViN~ = 0V,
V+ = 15V, 20 40 20 40 20 40 20 40 20 40 mA
Vo =2V, Tp = 25°C
Sink | Vin— = 1V, VNt = 0V
V+ = 158V, Ty = 25°C, 10 20 10 20 10 20 10 20 10 20 mA
Vo = 2V
ViNT = 1V,
Vit =ov
Tx = 25°C, Vo = 200 mV, 12 50 12 50 12 50 12 50 12 50 pA
vt =18V
Short Circuit to Ground Ta = 25°C, (Note 2), 40 60 40 60 40 80 40 60 40 60 mA
v+ =15V
Input Offset Voitage (Note 5) 4 5 7 9 10 mV
InPut Offset Voltage Rg = 00 7 15 7 20 7 7 7 VG
Drift
Input Offset Current Iing+y = ling=) 30 75 100 150 45 200 nA
Input Offsat Current A 10 200 10 300 10 10 10 PA/C
Drift
Input Bias Current IINg+) or ling—) 40 100 40 200 40 300 40 500 40 500 nA




Electrical Characteristics (Continued) v+ = +5.0v, Note 4, unless otherwise stated

LM158A LM358A LM158/LM258 LM358 LM2904
Parameter Conditions - Units
Min Typ Max |{Min Typ Max |Min Typ Max |Min Typ Max |Min Typ Max
Input Common-Mode V+ =30V, (Note 7) " \
-2]| 0 v+-=2|[ o v+-21 0 v+t—2| 0 v+ -2
Voltage Range (LM2904, V+ = 26V) 0 v
Large Signal Voltage V+t = +15V
Gain Vo = 1Vio 11V) 25 15 25 15 15 V/mV
RL = 2k0
Output Vou | V* = +30V RL=2ka | 26 26 26 26 22 %
\S’°'_‘age (LM2904,V+ =26V) | b _ qokq | 27 28 27 28 27 28 27 28 23 24 v
wing
VoL | V+ = 5V,RL = 10k 5 20 5 20 5 20 5 20 5 100 mv
Output Current | Source | Viy* = +1V, Vi~ = 0V,
v+ = 15 vge 2V 10 20 10 20 10 20 10 20 10 20 mA
Sink | Viy— = +1V, Vit =0V,
8 5
VL 18V, Vg =2V 10 15 5 8 5 8 5 8 mA

Note 1: For operating at high temperatures, the LM358/LM358A, LM2904 must be derated based on a +125°C maximum junction temperature and a thermal resistance of 120°C/W which applies for the device soldered in a printed
cirouit board, operating in a still air ambient. The LM258/LM258A and LM158/LM158A can be derated based ona +150°C i Junction ire. The dissipation is the total of both amplifiers—use external resistors, where
possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit.

Note 2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. When considering short cirucits to ground, the maximum output current is approximately 40 mA independent of the magnitude of
V+, At values of supply voltage in excess of + 15V, continuous short-circuits can exceed the power dissipation ratings and cause | ion. Di i issipation can result from simultaneous shorts on all amplifiers.

Note 3: This inpuit current will only exist when the voltage at any of the input leads is driven negative. It is due 1o the collector-base junction of the input PNP transistors becoming forward biased and thereby acting as input diode
clamps. In addition to this diode action, there is also Jateral NPN parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the op amps to go to the V+ voltage level (or to ground for a large
overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than —~0.3V (at 26°C).

Note 4: These specifications are limited to —66°C < Ta < +125°C for the LM158/LM158A. With the LM258/LM258BA, all tamperature specifications are limited to —25°C < Tp < +86°C, the LM358/LM358A temperature
specifications are limited to 0°C < Ta < +70°C, and the LM2904 specifications are limited to —40°C < Ty < +85°C.

Note 5: Vo = 1.4V, Rg = 0f with V+ from 5V to 30V; and over the full input common-mode range (0V to V+ —1.5V) at 25°C, For LM2804, ¥V from 5V to 26V.
Note 6: The direction of the input current is out of the IC due to the PNP input stage. This currant is iall

Note 7: The input common-mode voltage of either input signal voltage should not be aliowed to go negative by more than 0.3V (at 25°C). Tha upper end of the common-mode voltage range is V+ —1.5V (at 25°C), but sither or both
inputs can go to +32V without damage (-+26V for LM2904), independent of the magnitude of v+,

Note 8: Dus to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected as this type of capacitance increases at higher frequencies.
Note 9: Refer to RETS158AX for LM158A military specifications and to RETS158X for LM158 military specifications.
Note 10: Human body mode, 1.5 ke in series with 100 pF.

constant, ind of the stats of the output so no loading change exists on the input lines.




Typical Performance Characteristics
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Typical Performance Characteristics (Continued) (LM2902 only)

Input Current
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Application Hints

The LM158 series are op amps which operate with only a
single power supply voltage, have true-differential inputs,
and remain in the linear mode with an input common-mode
voltage of 0 Vpg. These amplifiers operate over a wide
range of power supply voltage with little change in perform-
ance characteristics. At 25°C amplifier operation is possible
down to a minimum supply voltage of 2.3 Vpc.

Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
test socket as an unlimited current surge through the result-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a desiroyed unit.

Large differential input voltages can be easily accomodated
and, as input differential voltage protection diodes are not
needed, no large input currents result from large differential
input voltages. The differential input voltage may be larger
than V+ without damaging the device. Protection shouid be
provided to prevent the input voltages from going negative
more than —0.3 Vpg (at 25°C). An input clamp diode with a
resistor to the IC input terminal can be used.

To reduce the power supply current drain, the amplifiers
have a class A output stage for small signal levels which
converts to class B in a large signal mode. This allows the
amplifiers to both source and sink large output currents.
Therefore both NPN and PNP external current boost tran-
sistors can be used to extend the power capability of the
basic amplifiers. The output voltage needs to raise approxi-
mately 1 diode drop above ground to bias the on-chip verti-
cal PNP transistor for output current sinking applications.
For ac applications, where the load is capacitively coupled
to the output of the amplifier, a resistor should be used, from
the output of the amplifier to ground to increase the class A
bias current and prevent crossover distortion. Where the
load is directly coupled, as in dc applications, there is no
crossover distortion.

Voltage Gain

160 | I
3 R =20k
*E' 128
g w Re=2.0) —]
@
]
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- 8
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] 10 ] ]

v+ — SUPPLY VOLTAGE (Voe)
TL/H/7787-5

Capacitive loads which are applied directly to the output of
the amplifier reduce the loop stability margin. Values of 50
pF can be accomodated using the worst-case non-inverting
unity gain connection. Large closed loop gains or resistive
isolation should be used if larger load capacitance must be
driven by the amplifier.

The bias network of the LM158 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of 3 Vpg to 30 Vpc.

Output short circuits either to ground or to the positive pow-
er supply should be of short time duration. Units can be
destroyed, not as a result of the short circuit current causing
metal fusing, but rather due to the large increase in IC chip
dissipation which will cause eventual failure due to exces-
sive function temperatures. Putting direct shori-circuits on
more than one amplifier at a time will increase the total 1C
power dissipation to destructive levels, if not properly pro-
tected with external dissipation limiting resistors in series
with the output leads of the amplifiers. The larger value of
output source current which is available at 25°C provides a
larger output current capability at elevated temperatures
(see typical performance characteristics) than a standard IC
op amp.

The circuits presented in the section on typical applications
emphasize operation on only a single power supply voltage.
If complementary power supplies are available, all of the
standard op amp circuits can be used. in general, introduc-
ing a pseudo-ground (a bias voltage reference of V+/2) will
allow operation above and below this value in single power
supply systems. Many application circuits are shown which
take advantage of the wide input common-mode voltage
range which includes ground. In most cases, input biasing is
not required and input voltages which range to ground can
easily be accommodated.




Typical Single-Supply Applications v+ = s0vpg

Non-Inverting DC Gain (0V Input = 0V Output)

Rt *R not needed due to
10k temperature independent Iy
- TL/HI7787-8
DC Summing Amplifier
(Vin's = 0 Vpc and Vo 2 0 Vpe)
R
100k

+5V

Vo (VOLTS}

GAIN= 1+ h2
i}

= 101 (AS SHOWN)

Vin {mV)

Power Amplifier

R1
810k

Vo = 0 Vpg for Viy = 0 Ve

Ay =10
R
100k TL/H/7787-8
Where: Vg = V¢ + Vs + Vg + Vg4
(V3 + V) = (V3 + V) to keep Vo > 0 Vpg
“Bl-QUAD” RC Active Bandpass Filter
R1
100%
A
o
330 pF
o RS
100k 470k
VIN
ANV
83 2’ c2
100k W 330 pF
~O Vo
1/2 LM158
R?
fo = 1kHz 100k
V*
Q=50

Ay = 100 (40 dB)

TL/H/7787-7

TL/H/7787-8

TL/H/7787-10




Typical Single-Supply Applications v+ = 5.0 vpc) (Continued)

Fixed Current Sources

it

LED Driver

. b R

TL/H/7787-13

Driving TTL

1/ DM54XX
Ry
240

TL/H/7787-15

TL/H/7787-17

Lamp Driver

Current Monitor

R1¥
0.1

I
—

TL/H/7787-12

1k

0.001:F

*(Increase R1 for I, small)

Pulse Generator

Rt
™

R2
100k

V€ VE —2v

IN914

IN914

TL/H/7787-14

TL/H/7787-16




Typical Single-Supply Applications v+

Squarewave Oscillator

R1
; 100k
A
0.0014F Wv

TL/H/7787-18

= 5.0 Vpg) (Continued)

Pulse Generator

R1
13
30k N9

R2 —0
150K Vo

Low Drift Peak Detector

(POLYCARBONATE OR

Zin POLYETHYLENE) =
*hi g AT 100 nA
HIGH Zjy
LOW Zoyt

2g

High Compliance Current Sink

+Vin O

lp = 1 amp/volt V|y
(Increase Rg for g small)

—
- TL/H/7787-21

2N929*

0.0014F

|

1/2 LM358

AUX AMP

INPUT CURRENT
COMPENSATION

TL/H/7787-19

™ TL/H/7787-20

Comparator with Hysteresis
+Vin O
R1

10k
+Veee O

O Vo

TL/H/7787-22




Typical Single-Supply Applications v+ = 5.0 vpc) (Gontinued)
Voltage Controlled Oscillator (VCO)

0.05uF

. ._l I__
" \
A —_—
v
We* 172 LM358 - L1
Stk
/ 1/2 LM358 p—O oUTPUT 1
! vtz Stk
> X oN
>

vy
100k /\/\/
AAN
A\ A A4

) OUTPUT 2

51

TL/H/7787-23
*WIDE CONTROL VOLTAGE RANGE: 0 Vpg < Vg < 2 (V+ —1.5V pg)

AC Coupled Inverting Amplifier

10k

TL/R/7787-24

Ground Referencing a Differential Input Signal

R1
M
+ O Vo
Ve
+Vem

Vo = VR
TL/H/7787-25

10




Typical Single-Supply Applications v+ = 5.0 vp¢) (Continued)

AC Coupled Non-Inverting Amplifier

R1 A2
100k 1M

23

<
R?
10:F T 100k 100k

1/2 LM35B

TL/H/7787-26

TL/H/T787-27

Vo
fo = 1kHz
Q=25

TL/H/7787-28




Typical Single-Supply Applications (v+ = 5.0 Vi) (Continued)

High Input Z, DC Differential Amplifier

R2
100k

W, 0 1/2 LM358 Vo

W O

For AL _ B4 (CMRR depends on this TL/H/7787-29

R2 R3 resistor ratio match)
R4
Vo=1+—(V2—V
(¢] gz V2~ V)
As Shown: Vg = 2 (V2 — V4)
Photo Voltaic-Cell Amplifier Bridge Current Amplifier
R +Vrer
™
NV

(CELL HAS OV
ACROSS IT}

Vo

Foré << 1andR{>>R

- = TL/H/7787-30 Ry 5\ Ry
Vo=Vrer (3 )R

- TL/H/7787-33

High Input Z Adjustable-Gain
DC Instrumentation Amplifier

R1
100k

+V,

GAIN ADJUST

TL/H/7787-31
If R1 = R5 &R3 = R4 = R6 = R7 (CMRR depends on match)

2R1
Vo=1+— —V.
(o] Rz V2— Vi)
As shown Vg = 101 (V2 — V)

12




Typical Single-Supply Applications v+ = 5.0 vpc) (Continued)

Using Symmetrical Amplifiers to
Reduce Input Current (General Concept)

1/2 LM358 +Vo

*hi g AT S0 nA

.,l

1/2 LM358

AUX AMP

INPUT CURRENT
COMPENSATICN

TL/H/7787-32

Schematic Diagram Each Amplifier)

INPUTS

TL/H/7787-3

13




Physical Dimensions inches (milimeters)

0.350 ~0.370
{6.590-9.398)

DiA 0.315-0.335
{8.001—8.509)

MAX

A 0.025

D.165—0.185 | ] Eg:::::uusn
(4.191—4.699) i

v

y
REFERENCE PLANE T oo H”EH;HU——"T—__—SWM PLANE
0035 0.015-0.040
0.500 " {0.889) 18.381—1.615)

Cl I

0.016-0.019
>l w.avs—g.aey DATYP

0.195-0.205 DIA
{4,953 —5.207) P.C.

0.108
(2.580)

0.029-0.045 \
{8.737-1.143)
0.028—0.034
(0.711-0.864) \%<
S

45° EQUALLY
SPACED
Metal Can Package (H)
Order Number LM158AH, LM158AH/883, LM158H,
LM158H/883, LM258H or LM358H
NS Package Number HO8C

0.115-0.145
(2.921-3.683)
[T

HOSC (REV E}

14




Physical Dimensions inches (millimeters) (Continued)

0.290

0.320

0.400 MAX

R0.010 TYP "'ﬂ_m m—[?l-l
0.220
RO.025 TYP-/ n.is‘

0.310 MAX

|

| 3 T
0.045
™ [ o0ss™
—l le— 0.005 6LASS
N /_ SEALANT

.

T L

©.060

0.200 [ =g 1 ©.020
T -l:[ﬂ
i .

0.125 T

™

: 9.200

950450 TP 'AI 0.3t10 0.055 HAX =] |a== JOS
\‘”‘ osto— BOTH ENDS
0.008 P —>|||+— 0.018£0.003 TYP
0.012
— l«—0.100£0.010 TYP P
Cerdip Package (J)
Order Number LM 1584, LM158.J/883, LM158AJ or LM158AJ/883
NS Package Number JOBA
D.189 -0.187
14.800-5.004)
B 7 5
0.228 —0.244
{5.791-6.198)
Q 0.0 ay
0.254)
w0y’ 1 2 3 4 ?T
IDENT 30°
i
0.150-0.157
™ Rai0—0.88)
D01 _0.020 , g5e o] 5,153,003
10,254 —0.508) r— AR K (36175 0.004 0,010
AL LEADS - mz-o )
Vo A L ﬁ senly
oo A f ) 1 PLNE
0.008—0.010 ALL(II:'EIAI::%'IFS m 0.050 0.014-0.020
LR | et o m By m'"’
TYP ALL LEADS T" MOBA (FEV Hy

S.0. Package (M)

Order Number LM358M, LM358AM or LM2904M

NS Package Number MO8BA




LM158/LM258/LM358/LM2904

Low Power Dual Operational Amplifiers

Physical Dimensions inches (millimeters) (Continued)

0.373—0.400

{3.474—10.16)

0.080

0.0320.005
0.81320.127)
RAD

—py 0280 ft— 0.040
iz " 0030 o g T OPTION 2
0.300-0.320 {0.752) — <—u':'—g';-, 0.145-0.200
> Goz—saeg | * 20°+1 —>| /<— - (3.683-5.080)
"""j% — 1 e T A easzoons 1
L ¥ BawEomm ¢
95 ap 1‘ # 0.125-0.140 f
- 0.065 (3.175— 3.556)
— 0% en " 0.020
s.009_0m5 _ | L * pim 0014 {0.508)
(0.229-0.381) DA TYP MIN
+0.040 NOM 0.018:+0.003
0325 _p 15 0.4570.076)
1016 0.100:0.010
(eass*y5a0) {Z.50020.258)
0.045+0.015
1.143+0.381
{ ) 0.060
Wi Lig {1.524)
e : e

Molded Dip Package (N)
Order Number LM358AN, LM358N or LM2904N
NS Package Number NOSBE

LIFE SUPPORT POLICY
NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR

USE AS CRITICAL COMPONENTS IN LIFE SUPPORT

DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

National Semiconductor National Semiconductor

National Semiconductor National Semiconductor
Corporation Europe
1111 West Bardin Road Fax: {+49) 0-180-530 85 86

Arington, TX 76017
Tel: 1(800) 272-9959
Fax: 1(800) 737-7018

Email: chjwge@tevm2.nsc.com
Dsutsch Tel: (+49) 0-180-530 85 85
English Tel: (+49) 0-180-532 78 32
Frangais Tel: (+49) 0-180-532 83 58
ltaliane  Tel: (+48) 0-180-534 16 80

Hong Kong Lid.

13th Floor, Straight Block,
Qcean Centre, 5 Canton Rd.
Tsimshatsui, Kowloon

Hong Kong

Tel: (852) 2737-1600

Fax: (852) 2736-9960

Japan Ltd.
Tel: 81-043-298-2309
Fax: 81-043-299-2408

National does not assume any responsibility for use of any circuitry described, no circuit patent icenses ara implied and

National

the ight at any t

change said circuitry and
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BURR - BROWN®

INA121

FET-Input, Low Power
INSTRUMENTATION AMPLIFIER

FEATURES

® LOW BIAS CURRENT: +4pA

® LOW QUIESCENT CURRENT: 1450uA

@ LOW INPUT OFFSET VOLTAGE: 200V
® LOW INPUT OFFSET DRIFT: £2uv/°C

@ LOW INPUT NOISE:
20nVHz at f = 1kHz (G =100)

® HIGH CMR: 106dB

® WIDE SUPPLY RANGE: 12.25V to +18V

® LOW NONLINEARITY ERROR: 0.001% max
® INPUT PROTECTION TO 40V

@ 8-PIN DIP AND SO-8 SURFACE MOUNT

APPLICATIONS

® LOW-LEVEL TRANSDUCER AMPLIFIERS
Bridge, RTD, Thermocouple

® PHYSIOLOGICAL AMPLIFIERS
ECG, EEG, EMG, Respiratory

® HIGH IMPEDANCE TRANSDUCERS

® CAPACITIVE SENSORS

® MULTI-CHANNEL DATA ACQUISITION

® PORTABLE, BATTERY OPERATED SYSTEMS
® GENERAL PURPOSE INSTRUMENTATION

DESCRIPTION

The INA121 is a FET-input, low power instrumenta-
tion amplifier offering excellent accuracy. Its versatile
three-op amp design and very small size make it ideal
for a variety of general purpose applications. Low bias
current (+4pA) allows use with high impedance
sources.

Gain can be set from 1V to 10,000V/V with a single
external resistor. Internal input protection can with-
stand up to +40V without damage.

The INA121 is laser-trimmed for very low offset
voltage (£200uV), low offset drift (z2uV/°C), and
high common-mode rejection (106dB at G = 100). It
operates on power supplies as low as £2.25V (+4.5V),
allowing use in battery operated and single 5V sys-
tems. Quiescent current is only 450uA.

Package options include 8-pin plastic DIP and SO-8
surface mount. All are specified for the —40°C to
+85°C industrial temperature range.

V+

il

2| overver INA121
- ver-Voltage
vio—= .
W G=1+ B0k
1 40k 40k0 Ra
25kQ
6
Rg Vo
8 25kQ
B 5
+, 3] [OverVoitage +A2 M m O Ref
Vin Protection
!
V-

International Airport Industrial Park « Mailing Address: PO Box 11400, Tucson, AZ 85734 » Street Address: 6730 S. Tucson Blvd., Tucson, AZ 85706 » Tel: (520) 746-1111 » Twx: 910-852-1111

Internet: http:/iwww.burr-brown.com! » FAXLine: (800) 548-6133 (US/Canada Only) » Cable: BBRCORP + Telex: 066-6491 » FAX: {520} 889-1510 « Immediate Product Info: (800) 548-6132
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SPECIFICATIONS: Vg = +15V

At Tp = +25°C, Vg = +15V, R = 10kQ, and |A reference = 0V, unless otherwise noted.

INA121P, U INA121PA, VA
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
INPUT
Offset Voltage, RT! +200+200/G | £500+500/G +300+£200/G [+1000+1000/G pv
vs Temperature +239/G +5+20/G * +15:20/G uv/eC
vs Power Supply Vg=12.25V to +18V +5120/G +50+150/G * * uvnv
Long-Term Stability +0.5 Ed uV/imo
Impedance, Differential 1012 1 & Q|| pF
Common-Mode Vo=0V 1012)[ 12 * Q|| pF
Input Voltage Range See Text and Typical Curves *
Safe Input Voltage +40 kS v
Common-Mode Rejection Vew=-12.5V to 13.5V
G=1 78 86 72 £ dB
G=10 91 100 85 S dB
G =100 96 106 90 £ dB
G = 1000 106 & dB
BIAS CURRENT Vey =0V +4 +50 Ed * pA
vs Temperature See Typical Curve Ed
Offset Current | 0.5 | * pA
vs Temperature See Typical Curve &
NOISE, RTI Rg=0Q
Voltage Noise: f = 10Hz G =100 30 kS nvARz
f=100Hz G =100 21 * nVAHz
f= 1kHz G =100 20 * nVAHz
f=0.1Hz to 10Hz G =100 1 Ed wVp-p
Current Noise: f= 1kHz 1 £ fANHz
GAIN
Gain Equation 1 + (50kYRg) Ed VIV
Range of Gain 1 10,000 £ £ vV
Gain Error Vg =-14Vto 13.5V
G=1 +0.01 +0.05 * +0.1 %
G=10 £0.03 +0.4 ES +0.5 %
G =100 +0.05 +0.5 * +0.7 %
G = 1000 +0.5 * %
Gain vs Temperature(! G=1 +1 +10 & £ ppm/°C
G>1 +25 +100 * £ ppm/°C
Nonlinearity Vo = —14V to 13.5V
G=1 +0.0002 +0.001 +0.002 % of FSR
G =10 +0.0015 +0.005 E +0.008 % of FSR
G = 100 +0.0015 +0.005 & +0.008 % of FSR
G = 1000 +0.002 % % of FSR
OUTPUT
Voltage: Positive R = 100kQ (V+)>0.9 b v
Negative R = 100kQ (V-)+0.15 E A
Positive R, = 10kQ (V+)-1.5 (V+)-0.9 % Ed Vv
Negative Ry = 10kQ (V-)+1 (V-)+0.25 & E v
Capacitance Load Drive 1000 £ pF
Short-Circuit Current +14 % mA
FREQUENCY RESPONSE
Bandwidth, —3dB G=1 600 & kHz
G=10 300 kHz
G = 100 50 * kHz
G = 1000 5 % kHz
Slew Rate Vo=+10V,G <10 0.7 b Vius
Settling Time, 0.01% G=11 10 20 * us
G =100 35 us
G = 1000 260 & us
Overload Recovery 50% Input Overload 5 ES us
POWER SUPPLY
Voltage Range +2.25 +15 +18 * # A
Quiescent Current lg=0V +450 +625 * ES HA
TEMPERATURE RANGE
Specification -40 85 * °C
Operating -55 125 B °C
Storage -55 125 ® °C
Thermal Resistance, 6,
8-Lead DIP 100 b °C/W
S0-8 Surface Mount 150 ¥ °C/W

* Specification same as INA121P, U.

NOTE: (1) Temperature coefficient of the “Internal Resistor” in the gain equation. Does not include TCR of gain-setting resistor, Rg.

BURR -BROWN®

INA121




PIN CONFIGURATION

Top View 8-Pin DIP and SO-8
Top View
/
re[1] o
Vi E 7 |V+
Vi E 6 |Vo
V- E 5 | Ref

ABSOLUTE MAXIMUM RATINGS()

Supply Voltage +18V
Analog Input Voltage Range +40V
Output Short-Circuit (to ground) Continuous
Operating Temperature -55°C to +125°C
Storage Temperature —55°C to +125°C
Junction Temperature +150°C
Lead Temperature {soldering, 10s) +300°C

NOTE: (1) Stresses above these ratings may cause permanent damage.
Exposure to absolute maximum conditions for extended periods may degrade
device reliability.

PACKAGE/ORDERING INFORMATION

ELECTROSTATIC
DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtle performance degradation
to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric
changes could cause the device not to meet its published
specifications.

PACKAGE SPECIFIED
DRAWING TEMPERATURE PACKAGE ORDERING TRANSPORT
PRODUCT PACKAGE NUMBER(1) RANGE MARKING NUMBER(2) MEDIA
Single
INA121P 8-Pin DIP 006 -40°C to +85°C INA121P INA121P Rails
INA121PA 8-Pin DIP 006 -40°C to +85°C INA121PA INA121PA Rails
INA121U S0-8 Surface-Mount 182 —40°C to +85°C INAT21U INA121U Rails
" 5 d 5 /) INA121U/2K5 Tape and Reel
INA121UA S0-8 Surface-Mount 182 —40°C to +85°C INA121UA INA121UA Rails
" ¥ b " ] INA121UA/2KS Tape and Reel

NOTES: (1) For detailed drawing and dimension table, please see end of data sheet, or Appendix C of Burr-Brown IC Data Book. (2) Models with a slash (/) are
available only in Tape and Reel in the quantities indicated {e.g., /2K5 indicates 2500 devices per reel). Ordering 2500 pieces of “INA121U/2K5" will get a single
2500-piece Tape and Reel. For detailed Tape and Reel mechanical information, refer to Appendix B of Burr-Brown IC Data Book.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant

any BURR-BROWN product for use in life support devices and/or systems.

BURR - BROWN®
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TYPICAL PERFORMANCE CURVES

At T, = +25°C, Vg = 15V, unless otherwise noted.

COMMON-MODE REJECTION

GAIN vs FREQUENCY vs FREQUENCY
60 TR 120
G = 1000V m
50 2 100 A N
40 < < NI = 1000V/V
G=100V/V] T 2 80 NI L
= 30 3 N iy m 17
) N T m NN 6 = 100V
kA o \\~-.. e
£ 20 N g 60 3 i
s G =10V N S ™ " I~
‘----
10 g £ 40
N| g MU G = 10viv
0 G N E—=
-10 i © m G=1VV
N N LI
1k 10k 100k M 10M 10 100 1k 10k 100k ™
Frequency (Hz) Frequency (Hz)
POSITIVE POWER SUPPLY REJECTION NEGATIVE POWER SUPPLY REJECTION
vs FREQUENCY vs FREQUENCY
120 120
LTI G”—moo 'N'
N G=1000V/V m
@ 100 = S & 100 = e
= N \§ = 4 N
N Ay L "N
g s ML TR G = 1000VAV/] &1 o0 G—‘{ig:,/ﬁ i N
3 5 = it 2 ] <
2 N TR [T 8 le=1vA T TR~
x ™ Rl 6 = 100vrY id N It Tt |
> 60 N N > 60 N
B N N =X M N \\~
& q G =10VV 2 M
5 > N NG
@ 40 3 @ 40 4 s
pd A y Y
£ 20 HN & 20 ™ L
6= tviv N UJ N i
I A
. i . N
10 100 1k 10k 100k 1M 10 100 1k 10k 100k 1M
Frequency {Hz) Frequency (Hz)
INPUT COMMON-MODE RANGE INPUT COMMON-MODE RANGE
vs OUTPUT VOLTAGE, Vg = +15V vs OUTPUT VOLTAGE, Vg = 15V, £2.5V
15 5 ]
_,—'7‘\\ 4 G=10
S S 3 .
@ o G=1
o @ 2
£ 5 2 = G210 .
> - L Ze=1=s
T 0 2 5 - e
s 2 N 1
T |
< s ™~
Q _5 o \
£ E 2 N oy
8 S -
-10 Vg =15V
4 [——— Vg=125V
_15 _5 1 L 1
-15 -10 -5 ] 5 10 15 -5 4 -3 -2 -1 0 1 2 3 4 5
Output Voltage (V) Output Voltage (V)
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At T, = +25°C, Vg = =15V, unless otherwise noted.
INPUT BIAS CURRENT vs TEMPERATURE
10k ~
Z
/
1k A
Z
- pd
< 10 = L <
= vd e =
£ 10 A 2
3 = 3
g ls 8
o m
los o
0.1 <
0.01
~75 -50 -25 1} 25 50 75 100 125
Temperature (°C)
INPUT OVER-VOLTAGE V/| CHARACTERISTICS
1
0.8 T
G =1V L= ::
0.6 [~ Flat region represents ) E
= 04 — normal linear operation. P = 1000V/V] ot
£ N L z
=z 02 vy
S E
£ o 2
[=23
¢ 02 =
a 7}
£ 04 ]
G =1VN
-0.6 =
-0.8 ===
-1
-50 40 -30 -20 -10 O 10 20 30 40 50
Input Voltage (V)
QUIESCENT CURRENT AND SLEW RATE
vs TEMPERATURE
500 14
— 475 1.2 ra
g. 1 / 3
= S~ ol — —
£ 450 1 2 5
3 g
z ] & 3
§ 425 - 08 = 5
= 53
400 ] 0.6 (5]
375 0.4
-75 =50 -25 [} 25 50 75 100 125

Temperature (°C)

(CONT)
INPUT BIAS CURRENT
vs COMMON-MODE INPUT VOLTAGE
im
-
100
10p
10p
|
1p {
—10p
—100p
]
=tm
=20 -15 -10 -5 0 5 10 15 20
Common-Mode Voltage (V)
SETTLING TIME vs GAIN
1000
//
0.01% /1
100 A
22 0.41%
psd
%y
=]
10
1 10 100 1000
Gain (VIV)
SHORT-CIRCUIT CURRENT
vs TEMPERATURE
15 o
{
A Hsc \
+14 ///,r AN
+13 / \
/ A \\\
12 7 / \\
11 //
/
+10
~-75 -50 -25 0 25 50 75 100 125

Temperature (°C)
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TYPICAL PERFORMANCE CURVES (conT)

At T, = +25°C, Vg = +15V, unless otherwise noted.

OUTPUT VOLTAGE SWING vs OUTPUT CURRENT MAXIMUM OUTPUT VOLTAGE vs FREQUENCY
v+ 30 G=101010
g*; :gz +85°C ; S
"
S Rl —— +25°C < 7
S (V)09 \SX } 3 G=1 \\
5 (V)12 NS ~40°C, -85°C 32 : N
& )1, +125C TN NN | z G = 1000 \\
g g ;_1 : 815
= I~} +1.! S
2 vz 29 Y74 S
Z . =
8 (vo+09 e/ | S /X 8 10
Vo XA = -
O (v-)+06 2
: —~ —40°C,-55°C % 5 N
] 1 O N
(V=) +0.3 Zé; | | K Nl
v-) / 0 P
0 *2 14 6 +8 £10 100 1k 10k 100k ™
Output Current {mA) Frequency (Hz)
INPUT OFFSET VOLTAGE DRIFT
INPUT OFFSET VOLTAGE WARM-UP PRODUCTION DISTRIBUTION
18

Typical production
distribution of N
packaged units.

Percent of Units (%)

Offset Voltage Change (pV)

0 100 200 328 R b 00511522533544555566577.58850 9510
Time {us) Offset Voltage Drift (uV/°C)
INPUT-REFERRED NOISE VOLTAGE VOLTAGE NOISE 0.1 TO 10Hz
vs FREQUENCY INPUT-REFERRED, G > 100
1000 ———
— \h
N
T \\~ G=1 [T o B S S J
Z 100
= S
2 fass T
3 2 s A A it
2 & PSR
o 8 TN |
8 10 3 : : : : s
3 §
>
PSSR S T | 4 R 1 11| N USRS I ]
1 10 100 1k 10k

Frequency (Hz)
1s/div
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TYPICAL PERFORMANCE CURVES (CONT)

At To= +25°C, Vg = +15V, unless otherwise noted.

S0mV/div

SV/div

SMALL-SIGNAL STEP RESPONSE
(G=1,10)

10us/div

LARGE-SIGNAL STEP RESPONSE
(G =1,10)

100ps/div

G=100 }
50mV/div

G = 1000

G=100 |

5V/div

G =1000

SMALL-SIGNAL STEP RESPONSE
(G = 100, 1000)

100ps/div

BURR-BROWN®
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APPLICATION INFORMATION

Figure 1 shows the basic connections required for operation
of the INA121. Applications with noisy or high impedance
power supplies may require decoupling capacitors close to
the device pins as shown.

The output is referred to the output reference (Ref) terminal
which is normally grounded. This must be a low-impedance
connection to assure good common-mode rejection. A resis-
tance of 8Q in series with the Ref pin will cause a typical
device to degrade to approximately 80dB CMR (G = 1).

SETTING THE GAIN

Gain of the INA121 is set by connecting a single external
resistor, R, connected between pins 1 and 8:

50kQ 09)]

Rg

G=1+

Commonly used gains and resistor values are shown in
Figure 1.

The 50kQ term in Equation 1 comes from the sum of the two
internal feedback resistors of A; and A,. These on-chip
metal film resistors are laser trimmed to accurate absolute
values. The accuracy and temperature coefficient of these
resistors are included in the gain accuracy and drift specifi-
cations of the INA121.

The stability and temperature drift of the external gain
setting resistor, Rg, also affects gain. Rg’s contribution to
gain accuracy and drift can be directly inferred from the gain
equation (1). Low resistor values required for high gain can
make wiring resistance important. Sockets add to the wiring
resistance which will contribute additional gain error (possi-
bly an unstable gain error) in gains of approximately 100 or
greater.

DYNAMIC PERFORMANCE

The typical performance curve “Gain vs Frequency” shows
that, despite its low quiescent current, the INA121 achieves
wide bandwidth, even at high gain. This is due to the
current-feedback topology of the INA121. Settling time also
remains excellent at high gain,

V+
0.1uF
7 =
INA121
VYV .yt 2
DESIRED Re NEAREST 1% Rg 40kQ 40kQ Vo =G+ (Viy=Vin)
GAIN ©) ©) e sg_ksz
1 NC NC 5 N
2 50.00k 49.9k
5 12,50k 12.4k i
10 5.556k 5.62k
20 2,632k 2.61k Roadg/vg
50 1.02k 1.02k 5 F
100 505.1 511 YW o
200 2513 249 40kQ 40k RET J_
500 100.2 100 D
1000 50.05 499
2000 25.01 249 4| oauF
5000 10.00 10
10000 5.001 4.99
NC: No Connection. Ve g

Also drawn in simplified form:

A A a—

+
o
Vin

INA121 Vo

Ref

FIGURE 1. Basic Connections.
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The INA121 provides excellent rejection of high frequency
common-mode signals. The typical performance curve,
“Common-Mode Rejection vs Frequency” shows this be-
havior. If the inputs are not properly balanced, however,
common-mode signals can be converted to differential sig-
nals. Run the V}, and Vp connections directly adjacent each
other, from the source signal all the way to the input pins. If
possible use a ground plane under both input traces. Avoid
running other potentially noisy lines near the inputs.

NOISE AND ACCURACY PERFORMANCE

The INA121°s FET input circuitry provides low input bias
current and high speed. It achieves lower noise and higher
accuracy with high impedance sources. With source imped-
ances of 2k€2 to 50kQ the INA114, INA128, or INA129 may
provide lower offset voltage and drift. For very low source
impedance (<1kQ), the INA103 may provide improved
accuracy and lower noise. At very high source impedances
(> IMQ) the INA116 is recommended.

OFFSET TRIMMING

The INAI121 is laser trimmed for low offset voltage and
drift. Most applications require no external offset adjust-
ment. Figure 2 shows an optional circuit for trimming the
output offset voltage. The voltage applied to Ref terminal is
summed at the output. The op amp buffer provides low
impedance at the Ref terminal to preserve good common-
mode rejection. Trim circuits with higher source impedance
should be buffered with an op amp follower circuit to assure
low impedance on the Ref pin.

Vi o——] ve

INA121
Ra + 2 100pA
v o—— Ref 12 REF200
100Q"

+10mV
Adjustment Range

10kQ™M

1000

100pA

NOTE: (1} F ider trim ired
(1) For wi range requi 4/2 REF200

in high gains, scale resistor values larger

FIGURE 2. Optional Trimming of Output Offset Voltage.

INPUT BIAS CURRENT RETURN PATH

The input impedance of the INA121 is extremely high—
approximately 1012Q. However, a path must be provided for
the input bias current of both inputs. This input bias current
is typically 4pA. High input impedance means that this input
bias current changes very little with varying input voltage.

Input circuitry must provide a path for this input bias current
if the INA121 is to operate properly. Figure 3 shows various
provisions for an input bias current path. Without a bias
current return path, the inputs will float to a potential which
exceeds the common-mode range of the INA121 and the
input amplifiers will saturate.

If the differential source resistance is low, the bias current
return path can be connected to one input (see the thermo-
couple example in Figure 3). With higher source impedance,
using two resistors provides a balanced input with possible
advantages of lower input offset voltage due to bias current
and better high-frequency common-mode rejection.

Transducer

Crystal or _‘_
Ceramic [ | INA121

&

Thermocouple

% INA121

+

10k

sl

Center-tap provides
bias current return.

% INA121

Bridge resistance provides
bias current retum.

¥

FIGURE 3. Providing an Input Common-Mode Current Path.

INPUT COMMON-MODE RANGE

The linear input voltage range of the input circuitry of the
INAI121 is from approximately 1.2V below the positive
supply voltage to 2.1V above the negative supply. A differ-
ential input voltage causes the output voltage to increase.
The linear input range, however, will be limited by the
output voltage swing of amplifiers A; and A,. So the linear
common-mode input range is related to the output voltage of
the complete amplifier. This behavior also depends on sup-
ply voltage—see typical performance curve “Input Com-
mon-Mode Range vs Output Voltage”.
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A combination of common-mode and differential input
voltage can cause the output of A, or A, to saturate. Figure
4 shows the output voltage swing of A and A, expressed in
terms of a common-mode and differential input voltages.
For applications where input common-mode range must be
maximized, limit the output voltage swing by connecting the
INAI21 in a lower gain (see performance curve “Input
Common-Mode Voltage Range vs Output Voltage”). If
necessary, add gain after the INA121 to increase the voltage
swing.

Input-overload can produce an output voltage that appears
normal. For example, if an input overload condition drives
both input amplifiers to their positive output swing limit, the
difference voltage measured by the output amplifier will be
near zero. The output of A; will be near 0V even though both
inputs are overloaded.

LOW VOLTAGE OPERATION

The INA121 can be operated on power supplies as low as
+2.25V. Performance remains excellent with power supplies
ranging from +2.25V to £18V. Most parameters vary only
slightly throughout this supply voltage range—see typical

performance curves. Operation at very low supply voltage
requires careful attention to assure that the input voltages
remain within their linear range. Voltage swing requirements
of internal nodes limit the input common-mode range with low
power supply voltage. Typical performance curves, “Input
Common-Mode Range vs Output Voltage” show the range of
linear operation for +15V, £5V, and £2.5V supplies.

INPUT FILTERING

The INA121’s FET input allows use of an R/C input filter
without creating large offsets due to input bias current.
Figure 5 shows proper implementation of this input filter to
preserve the INA121’s excellent high frequency common- -
mode rejection. Mismatch of the common-mode input time
constant (R,C, and R,C,), either from stray capacitance or
mismatched values, causes a high frequency common-mode
signal to be converted to a differential signal. This degrades
common-mode rejection. The differential input capacitor,
C;, reduces the bandwidth and mitigates the effects of
mismatch in C; and C,. Make C; much larger than C,; and
C,. If properly matched, C, and C, also improve ac CMR.

G-Vy ME
Vem— > ?
INA121
+
Ay YW
- 40kQ 40kQ G =1+ 50KQ
25k Re
———O0 V=GV
25kQ
A, YW YW _|_
+ / 40kQ 40kQ 1
Vew * gV (L
2 Ve
FIGURE 4. Voltage Swing of A; and A,.
1
f—s dB
—c = 4an(c3+—‘]
R1
Vi o—/ M > < & =500
. v Vo
R, T c, % INA121 o INA121
Vi 0o—WA +.~"|Ref N Ref
—=C, R{=R, FET input allows use
:I: Cy=C, of large resistors and
. C,=10C, small capacitors.

FIGURE 5. Input Low-Pass Filter.
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6V to 18V

Isolated Power

Cy V+ V-

o—F— >
+15V
Rg INA121 Vo

C, %

o—|}—s . Ref
I Vi

R4 R, _ 1

f 150124 Vo
°” 2aR,C,

NOTE: To preserve good low frequency CMR,
make R; =R, and C, = C,.

Isolated
Common

FIGURE 7. High-Pass Input Filter. FIGURE 8. Galvanically Isolated Instrumentation

Amplifier.
Vin ©
- C1
50nF
Vin Re | INA121 ]
+ 1
o— |
R1
10kQ 5
INA121 % Rg % R,
Ref 1
— ;i 2 Vin
F LT G*R,
L 3 Load l
: MakeGs10whereG=1+%9£
i

FIGURE 9. AC-Coupled Instrumentation Amplifier. FIGURE 10. Voltage Controlled Current Source.

INA121 Vo

Transducer + Ref
I

FIGURE 11. Capacitive Bridge Transducer Circuit.
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+5V

VREF

Channel 1 V) i +
. . ‘ +In i
MPC800 Rg INA121 ADs7816 | —o 12Bils Out
. MUX —In Serial
: + O———— - Ref
Channel8  Vyy _
FIGURE 12. Multiplexed-Input Data Acquisition System.
Vin 0— VA I M
N [ ] ) 5110 | INA121 5
Viy O
+ Ref
100Q For G = 100 =
+ Rg =511Q //2(22.1kQ)

NOTE: Driving the shield minimizes CMR degradation -8 effective Rg = 5050

due to unequally distributed capacitance on the input 30

line. The shield is driven at approximately 1V below X

the common-mode input voltage.

FIGURE 13. Shield Driver Circuit.
Rg = 5.6kQ
2.8kQ
i G=10
""""""""" Vo
RA ‘ ________________ INA121
Ref

Low bias current

allows use with high
electrode impedances.

b

390kQ

10kQ

NOTE: Due to the INA121’s current-feedback

topology, V; is approximately 0.7V less than
the common-mode input voltage. This DC offset
in this guard potential is satisfactory for many
guarding applications.

FIGURE 14. ECG Amplifier With Right-Leg Drive.
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I Texns PACKAGE OPTION ADDENDUM

INSTRUMENTS
www.ti.com 22-Feb-2005

PACKAGING INFORMATION

Orderable Device Status (! Package Package Pins Package Eco Plan @ Lead/Ball Finish MSL Peak Temp @
Type Drawing Qty
INA121P ACTIVE PDIP P 8 50 Pb-Free Call Tl Level-NC-NC-NC
(RoHS)
INA121PA ACTIVE PDIP P 8 50 Pb-Free Call Tl Level-NC-NC-NC
(RoHS)
INA121U ACTIVE SOIC D 8 100 None CUSNPB  Level-3-220C-168 HR
INA121U/2K5 ACTIVE SOIC D 8 2500 None CUSNPB  Level-3-220C-168 HR
INA121UA ACTIVE SoIC D 8 100 None CUSNPB  Level-3-220C-168 HR
INA121UA/2K5 ACTIVE SOIC D 8 2500 None CUSNPB  Level-3-220C-168 HR

M The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: TI has discontinued the production of the device.

@ Eco Pian - May not be currently available - please check hitp://www.ti.com/productcontent for the latest availability information and additional
product content details.

None: Not yet available Lead (Pb-Free).

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free” mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, T! Pb-Free products are suitable for use in specified lead-free processes.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean "Pb-Free" and in addition, uses package materials that do not contain halogens,
including bromine (Br) or antimony (Sb) above 0.1% of total product weight.

) MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDECindustry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. TI bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tt part(s) at issue in this document sold by Ti
to Customer on an annual basis.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (T1) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is curent and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Ti warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which Tl products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl o use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters  stated by Tl for that
product or service voids all express and any implied warranties for the associated Tl product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2005, Texas Instruments Incorporated
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ORDERING INFORMATION
. Package Case # of Ports Pressure Type x .

Device Name Optiogs No. None | Single [ Dual Gauge | Differenti!lp| Absolute | Device Marking
Small Qutline Package (MPXV2010 Series)
MPXV2010GP Tray 1369 . . MPXV2010GP
MPXV2010DP Tray 1351 . . MPXV2010DP
Unibody Package (MPX2010 Series)
MPX2010D Tray 344 . . MPX2010D
MPX2010DP Tray 344C . . MPX2010DP
MPX2010GP Tray 344B . . MPX2010GP
MPX2010GS Tray 344E . . MPX2010D
MPX2010GSX Tray 344F . . MPX2010D
MPAK Package (MPXM2010 Series)
MPXM2010D Rail 1320 . . MPXM2010D
MPXM2010DT1 | Tape and Reel| 1320 . . MPXM2010D
MPXM2010GS Rail 1320A . . MPXM2010GS
MPXM2010GST1 | Tape and Reel| 1320A . . MPXM2010GS

SMALL OUTLINE PACKAGES MPAK PACKAGES

MPXV2010GP MPXV2010DP MPXM2010D/DT1 MPXM2010GS/GST1
CASE 1369-01 CASE 1351-01 CASE 1320-02 CASE 1320A-02

UNIBODY PACKAGES

MPX2010D MPX2010GP MPX2010DP MPX2010GS MPX2010GSX

CASE 344-15 CASE 344B-01 CASE 344C-01 CASE 344E-01 CASE 344F-01
&
-
- T ™
© Freescale Semiconductor, Inc., 2005-2008. All rights reserved. d f r ees Cal e
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Operating Characteristics

Table 1. Operating Characteristics (Vg = 10 Vg, T4 = 25°C unless otherwise noted, P1 > P2)

Characteristic Symbol Min Typ Max Units
Pressure Range(") Pop 0 - 10 kPa
Supply Voltage? Vs — 10 16 Ve
Supply Current lo — 6.0 — mAdc
Full Scale Span(® Vrss 24 25 26 mv
Offset™ Vorr -1.0 — 1.0 mv
Sensitivity AV/AP — 25 — mV/kPa
Linearity — -1.0 — 1.0 %VEss
Pressure Hysteresis (0 to 10 kPa) — — 0.1 — %VEss
Temperature Hysteresis (—40°C to +125°C) - — +0.5 — %VEgs
Temperature Coefficient on Full Scale Span TCVrss ~1.0 — 1.0 %Vess
Temperature Coefficient on Offset TCVorr -1.0 = 1.0 mv
Input Impedance ZiN 1300 — 2550 Q
Output Impedance Zout 1400 = 3000
Response Time(® (10% to 90%) ts > 1.0 — ms
Warm-Up Time e - 20 - ms
Offset Stability® — L +0.5 e %Vrss

1. 1.0 kPa (kiloPascal) equals 0.145 psi.

2. Device is ratiometric within this specified excitation range. Operating the device at a different range may induce additional error due to device

self-heating.

3. Full Scale Span (Vess) is defined as the algebraic difference between the output voltage at full rated pressure and the output voltage at the

minimum rated pressure.

4. Offset (Vopr) is defined as the output voltage at the minimum rated pressure.
5. Response Time is defined as the time for the incremental change in the output to go from 10% to 90% of its final value when subjected to a

specified step change in pressure.

6. Offset stability is the product's output deviation when subjected to 1000 hours of Pulsed Pressure, Temperature Cycling with Bias Test.

MPX2010
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Maximum Ratings

Table 2. Maximurm Ratings(?)

Rating Symbol Value Unit
Maximum Pressure (P1 > P2) Puax 75 kPa
Burst Pressure (P1 > P2) PgursT 100 kPa
Storage Temperature Tste —40 to +125 °C
Operating Temperature Ta —40to +125 °C

1. Exposure beyond the specified limits may cause permanent damage or degradation to the device.

Voltage Output versus Applied Differential Pressure

The output voltage of the differential or gauge sensor
increases with increasing pressure applied to the pressure
side (P1) relative to the vacuum side (P2). Similarly, output

voltage increases as increasing vacuum is applied to the
vacuum side (P2) relative to the pressure side (P1).

Vs
3
r—— 4+ — — — — — — - - n}
| |
i Thin Film 2 V.
: - Temperature  |—— +Vour
Elensmg Compensation
| ement ibrati |4
and Calibration —Vour
| Gircuitry '
| I
N AL LU PRy <IfaVaVayal: &
1
GND

Figure 1. Temperature Compensated and Calibrated
Pressure Sensor Schematic

Figure 1. shows a block diagram of the internal circuitry on
the stand-alone pressure sensor chip.

MPX2010
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On-Chip Temperature Compensation and Calibration

Figure 2. shows the output characteristics of the MPX2010
series at 25°C. The output is directly proportional to the
differential pressure and is essentially a straight line.

The effects of temperature on full scale span and offset are
very small and are shown under Operating Characteristics.

This performance over temperature is achieved by having
both the shear stress strain gauge and the thin-film resistor
circuitry on the same silicon diaphragm. Each chip is
dynamically laser trimmed for precise span and offset
calibration and temperature compensation.

Figure 3. illustrates the differential/gauge die in the basic
chip carrier (Case 344). A silicone gel isolates the die surface
and wire bonds from the environment, while allowing the
pressure signal to be transmitted to the silicon diaphragm.

The MPX2010 series pressure sensor operating
characteristics and internal reliability and qualification tests
are based on use of dry air as the pressure media. Media
other than dry air may have adverse effects on sensor

performance and long term reliability. Contact the factory for
information regarding media compatibility in your application.

LINEARITY

Linearity refers to how well a transducer's output follows
the equation: Vs = Vg + sensitivity x P over the operating
pressure range. There are two basic methods for calculating
nonlinearity: (1) end point straight line fit (see Figure 4.) or
(2) aleast squares best line fit. While a least squares fit gives
the “best case” linearity error (lower numerical value), the
calculations required are burdensome.

Conversely, an end point fit will give the “worst case” error
(often more desirable in error budget calculations) and the
calculations are more straightforward for the user.
Freescale's specified pressure sensor linearities are based
on the end point straight line method measured at the
midrange pressure.

ot
'\ =
25— Pp1>p2 % —
20 | P /A,é T
§ 15 MAX ; // Span
il
= N L= Rangel)
a L | (Typical
S 5 Aé MIN
/
U F) o e e e e A
-5 t Offset
kPa 25 5 75 10 (Typical)
PSI 0.362 0.725 1.09 145
Figure 2. Output vs. Pressure Differential
T Ed T
| Z Least
Least Squares Fit 77 .7 | Square
’ ’ Deviation
Exaggerated e 4
Performance A c |
Silicone Stainless Steel - /|/ 7 | St[r)aig. E'—i“e
DieCoat D WP cover 2 . e
/ o le i
\ P1 Epoxy &, i I
Wire Bond 1 C 4 Case = a
\ = ! I
£ . [
£ ] = Ehd Point Straight
& Line Fit !
Lead Frame RTV Die | 1
P2 Bond | |
| |
] I
50 100

Figure 3. Unibody Package: Cross Sectional Diagram
(not to scale)

MPX2010

Pressure (% Full Scale)

Figure 4. Linearity Specification Comparison
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PRESSURE (P1)/VACUUM (P2) SIDE IDENTIFICATION TABLE

Freescale designates the two sides of the pressure sensor
as the Pressure (P1) side and the Vacuum (P2) side. The
Pressure (P1) side is the side containing silicone gel which
isolates the die from the environment. The pressure sensor is
designed to operate with positive differential pressure
applied, P1 > P2.

The Pressure (P1) side may be identified by using the
following table.

Table 3. Pressure (P1) Side Delineation

Part Number g;:: Pressure (P1) Side Identifier
MPX2010D 344 |Stainless Steel Cap
MPX2010DP 344C | Side with Part Marking
MPX2010GP 344B | Side with Port Attached
MPX2010GS 344E | Side with Port Attached
MPX2010GSX 344F | Side with Port Attached
MPXV2010GP 1369 | Side with Port Attached
MPXV2010DP 1351 |Side with Part Marking
MPXM2010D/DTI 1320 | Side with Part Marking
MPXM2010GS/GSTi 1320A | Side with Port Attached

MPX2010
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PACKAGE DIMENSIONS

NOTES:

. DIMENSIONING AND TOLERANCING PER ASME
Y14.5M, 1994.
. CONTROLLING DIMENSION: INCH.
i . DIMENSION -A- IS INCLUSIVE OF THE MOLD
z

(AN

STOP RING. MOLD STOP RING NOT TO EXCEED
16.00 (0.630).

INCHES _[MILLIMETERS
MIN | MAX | MIN | MAX
0595 | 0.630 | 1511 | 16.00
0.514 | 0534 | 13.06 | 13.56
0200 | 0220 508 | 559
0016 | 0020 | 041 | 051
0.048 | 00684 | 122 | 163

0.100 BSC 2.54 BSC
0014 [ 0016 | 036 | 040
0695 | 0725 [ 17,65 | 18.42

30° NOM 30°NOM
0475 | 0495 | 1207 | 1257
0430 | 0.450 | 1092 | 11.43
0048 | 0.052 | 122 | 132
0106 | 0118 ] 268 | 3.00

=]
=

Y

[©]o136 0005 G[T[A @] S ZoNe: —f<=

WITHIN DIM. "F" 8 PL

N<:UZ§I'¢—O‘“UON>!

CASE 344-15
ISSUE AA
UNIBODY PACKAGE

NOTES:
SEATING 3 D I e 1. DIMENSIONING AND TOLERANCING PER ANSI
PLANE U Y14.5M, 1982,
R L el 2. CONTROLLING DIMENSION: INCH.
H INCHES _|MILLIMETERS
DIM| MIN | MAX | MIN | MAX
K | MIN | | MIN |
] A | 1145 | 1175 | 2908 | 2985
N bl B | 0685 | 0715 | 17.40 | 18.16
Aol 11 Q-] C | 0305 [ oms | 775 | 826
PRESSURE D | 0016 | 0020 ] 041 | 051
P1) i F | 0048 | 0064] 122 | 163
) G | 0100BSC 254 BSC
m Y/ < H| 0182 | 0194 | 462 [ 493
B - + (o J_| 0014 | 0016 | 038 | 041
K| 0695 | 0725 | 1765 | 1842
12034 L | 0200 [ 0300 | 737 | 762
PINS~_ T K N | 0420 | 0440 | 10,67 | 11.18
[P l P | 0153 | 0159 | 389 | 404
Q| 0153 | 0.159 | 389 | 404
@025 0010®|T|Q® [ S R | 0230 | 0250 | 584 | 63
J I S | 0220 | 0240 | 559 | 610
W F U | 0910BSC 2371 BSC
—m O e G e
D 4 PL — o

|$]013 0,005 ®[T[s ® [aB®)

CASE 344B-01
ISSUE B
UNIBODY PACKAGE

MPX2010
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PACKAGE DIMENSIONS

<_—-_—> NOTES:
V e L-A-} 1. DIMENSIONING AND TOLERANCING PER ANS|
* U Y14.5M, 1982,
Ry PORT #1 W - L 2. CONTROLLING DIMENSION: INCH.
H INCHES | MILLIMETERS
PORT #2 PORT #2 |_. PORT#1 DIM{ MIN | MAX | MIN | MAX
\ﬁ ‘N VACUUM ™ | POSITIVE PRESSURE A 1145 | 1475 | 2008 ] 2985
] v (P2) (P1) B | 0685 | 0715 | 1740 1816
o] C | 0405 | 0435 | 1029 11,05
] /- D_| 0016 | 0.020 | 041 [ 051
| 11 F {0048 { 0.084 | 122 | 163
fan i N G | 0100BSC 2,54 BSC
.§E£‘L'EG\A B S%ﬂ'ﬁ% —rt N/ H | 01820194 | 462 [ 493
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NOTES:
1. DIMENSIONING AND TOLERANCING PER ANS!
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.

INCHES _|MILLIMETERS
”‘r~— DIM| MIN | MAX | MIN | MAX
A A | 1.080 | 1,120 | 27.43 | 2845
‘ R | B [ 0740 | 0760 | 18.80 | 10.30
N ) L C | 0.630 | 0650 | 16.00 | 1651
] N D | 0016 | 0020 | 041 | 051
Vv et - B E | 0.160 | 0.180 | 4.06 | 457
A F 0048 | 0064 | 122 | 163
f i R G | 010BSC 254 B5C
= J | o012 | 0016 | 036 | om
K [ 0220 | 0240 [ 559 | 610
o > N~ ™| oo Lol e o
PRESSURE P {0150 | 0160 | 381 | 406
*1) $|@0-25(0-010)®IT|0®| a| 1ol '[2] 4 { s Q | 0450 | 0.160 | 381 | 406
R | 0440 | 0460 [ 11.18 | 1168
S [ 0695 | 0725 [ 1765 | 1842
|1l K U | 0840 | 0860 | 2134 | 21.84
| V {0182 | 0194 | 462 | 492
J—lla— F—| [jt—
G
STYLE 1:
DapL e PINY. GROUND
N4 0'13(0'005)®IT| P® [Q@ 3 Vgl)JPF'LY
4 v{our
CASE 344F-01
ISSUE B
UNIBODY PACKAGE
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PACKAGE DIMENSIONS
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NOTES:

1. CONTROLLING DIMENSION:

INCH

PACKAGE DIMENSIONS

2. INTERPRET DIMENSIONS AND TOLERANCES PER ASME Y14.5M—1994.

&DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PPROTRUSIONS.

MOLD FLASH AND PROTRUSIONS SHALL NOT EXCEED .006 PER SIDE.

ADIMENSION DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE .008 MAXIMUM.

STYLE 1:

PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN

GND
+Vout
Vs
—Vout
N/C

N/C
N/C

TR PP Ewhe

STYLE 2:
PIN
PIN
PIN
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PIN
PIN
PIN

AN RN
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Vs
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N/C

N/C
N/C
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PACKAGE DIMENSIONS
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MPX2010

NOTES:

1. CONTROLLING DIMENSION:
2. INTERPRET DIMENSIONS AND TOLERANCES PER ASME Y14.5M—1994.
&DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PPROTRUSIONS.

INCH

PACKAGE DIMENSIONS

MOLD FLASH AND PROTRUSIONS SHALL NOT EXCEED .006 (0.152) PER SIDE.

&DIMENSION DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE .008 (0.203) MAXIMUM.

INCHES MILLIMETERS INCHES MILLIMETERS

DIM| MIN MAX MIN MAX ~[DIM| MIN MAX MIN MAX

A | .300 . 330 7.11 7.62 | ® 0 7 0 7

Al .002 .010 0.05 0.25 | - -—— — — —

.038 . 042 0. 96 .07 | - -— - — -

. 485 . 485 11. 81 12.32 | = -— — — -—

E . 717 BSC 18.21 BSC . i, ad 261 7

Et | .465 . 485 11, 81 12.32 | - -— - — -—

e . 100 BSC 2.54 BSC - -— - — -

F | .245 . 255 6.22 6.47 | ~ -— - — -

K| .120 .130 3.05 3.30 | - -— -— — -—

L | .081 . 071 1. 55 1.80 | - -— —= — -—

M| .270 . 290 6. 86 7.36 | - -— — — —

N | .080 . 090 2.03 2,28 | - -— — — —

P | .o009 . 011 0.23 0.28 | - -— -— —_ -

T | .115 . 125 2.92 3.17 | - -— — — -—

© FREESCALE, SEMICONDUCTORMN TRG MECHANICAL OUTLINE PRINT VERSION NOT TO SCALE
TITLE: DOCUMENT NO: 98ASAQ9303D REV: B
8 LD SOP, SIDE PORT CASE NUMBER: 1369-01 24 MAY 2005
STANDARD: NON—JEDEC
PAGE 2 OF 2
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SMALL OUTLINE PACKAGE
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PACKAGE DIMENSIONS
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NOTES:
1. DIMENSIONS ARE IN INCHES.

PACKAGE DIMENSIONS

2. INTERPRET DIMENSIONS AND TOLERANCES PER ASME Y14.5M—1994.

&DIMENSION DOES NOT INCLUDE MOLD FLASH OR PROTRUSION. MOLD FLASH OR PROTRUSION
SHALL NOT EXCEED .006” PER SIDE.

4. ALL VERTICAL SURFACES TO BE 5" MAXIMUM.

DIMENSION DOES NOT INCLUDE DAMBAR PROTRUSION.
ALLOWABLE DAMBAR PROTRUSION SHALL BE .008 MAXIMUM.

PIN 1: GND
PIN 2: +Vout
PIN 3: Vs

PIN 4: —Vout

© FREESCALE SEMICONDUCTOR, INC. MECHANICAL OUTLINE PRINT VERSION NOT TO SCALE
TITLE: DOCUMENT NO: 98ARH99088A REV: B
5 LD M—PAC CASE NUMBER: 1320-02 22 JUL 2005
STANDARD: NON-JEDEC
CASE 1320-02
ISSUE A
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PACKAGE DIMENSIONS
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