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ABSTRACT

The Cooperative Education Project is a system. which is about study, design,
installation and user training for the device and instrument calibration. The system operates
through the software, Smartl. This software is developed in C++ programming in order to
generate high speed result. The Smart Calibration System is implemented at the Calibration
Centre so as to check and standardize devices and instruments. The Pproject process is

managed by the fundamental plan; therefore, other users can easily understand the system.

Study phase consists of calibration principles, hardware - equipment, devices and
instruments and software - LabView and Smartl studies. Design phase is to design the
calibration system requiring short operated period. This system is stable, and it reaches the
performance. Thus, the system is also flexible, reliable and precise. Installation phase is
finished in a very short time since the system is simply designed. Training phase take is to
teach users in the Calibration Centre and other departments, so they can work with, adapt

and handle with problems in the Smart Calibration System.

Keywords : Calibration, Electronic Load.
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4. Tunw C avhiflvliadeyailu string udarldanevosdnus wie Anay ves Char unu

AR vilnvastouadannsaduunlulednunn
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234 3‘1] LUVUBINITRanLUUAIE C++

1. a1 C++ dignesnuuuanifiafiuntudmiumadeulusunsuily ansasesiu
mMsdeulusunsilussdumunededld Wudeafuanwnd

2. Tumangul] 71w C+ msaslimuduisunined uwilumadoulusunsuaseiu
a1 Cr+ Wunwidnnsdanielilusunsuwefidongduvunisidoulusunsy Jald
wnltuitusunsuesonaliguuuuitlivnyay vlilusunsuiidouiisyansameninfiaasey
Uu wazaw C++ duifunwiiiiiiududounnniinmend Soiliflenmaindnunzaanlng
1NN

3. aw G+ Iisumseentuuiiodiulddunwdlufeunnnsd

4. WIPTFNTBINIE C+ gasntuuiiebliimsnzasuaanesunonfiunes

5 1w C++ gresnuuuinlvsessusuuuumadeulsunsufinainvans (multi

paradigm)
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74
Qf -]

YUADUNITALEUNU

3.1 YUABUNISALRUIU

1. Gulaseuuarnaurilasey

2. Anwmanmsaeuliiau

3. Anw¥1 Hardware waz Software Aa Power Supply, Load, Multimeter, GPIB (IEEE
488), National Instruments software was Delta software

4. panuuudeuludmiumsaiiszuy

5. anumsastslusunsunsgeuiiey

6. veapultarUTunilusunsudmsussuumsasuLiiau

7. diufeyauazdmienanaifeafussuunsaeuiiiey

8. eusgldUSTULIMsFRUTIEY

Project Start Project Planning B Project Study

Hardware and
Software ¢
implementation

Smart Calibration
System Design

System Debugging Documentation
and Testing

‘ Project Close ,L‘-.. User Training

gﬂﬁ 3.1 Project Process Flowchart
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3.2 N1592nLUULasAIuNTTaS19sTUL

mseanuuuLaranilunisaieszuudesiianuivaranudilaluFosguuuunisiney
2 o a o« ° ] 4w < 9
waznsideuluanuiistwteliussaunsallunisvieuanney Weasessuumnyaufunis

UjiRnuass warlidudeunelvignvzunldnuviossandnyidile leulduazyszgndsals

3.2.1 Raulvluniseanuuunazaiiunig

1. syuunas@uuifewdnladeayldaudne
2. fovhlinsaeuiisutiudunifidusganmssouiisusuuiiu
3. szuumsaauWisudeslulumurdnnisaauieu

4. fnesgusazanunsatiuuszendldsels

3.2.2 ANFaRALUULLAZALHUNIT -

3.2.2.1 n199aniluy

=

LS190NLUUSEUURLERa NN TR U UL UnEa NS 1B IaNs daautunoumsaauLiiou
AesAflafasssuvnfvesiigunsaluaviaiasflednvvunlusyuy 8813 Settling Time 1iavin

} 7

a & = 2 = g 2/ =5 o [ =
Delay Time 9en1siiudeyaignied ilesmnunaiidadvioys a ssuuidegludae Rise
2 : @ 9 | 2 [ v
time ¥30 Dead Time v5aluiardoya Overshoot Alddayailligndes uazvdnnismslnihiides
5 o v o ar 4 A w ooy
Tsgneumseenuuy Fwesaunsalilatuipiasiotasuauls

3.2.2.2 mMIadunng
oy v o ' o ' o o o o o &
TnefiGaulylmdennazyhanuuuulvuneunds Taedidfunisviiausiadl
1. GBunsyieu
2. @enitenisdaauliiey 1) ¥ Voltage Calibration feu Current Calibration %se 2)
1 Current Calibration fau Voltage Calibration
3. Ymswensieaedygruseninuniodotauarsevinansesdieiatunauiames
MNFULUUTDITEM SR UTIEU
4. syydnunueesiiodnuasszy Channel
) = d‘ A e
5. yinnsasuiisuiaseslioln
6. nawuTumeud 3-5 91 udldsuguluhdenisasudiiou

7. @SRunisasuiiou
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= o = & = =3 k2 2 a el o & s
Wevihmsasuiivuiaiasfawnsonseteyalulddelalasunfdnasriiduenansiuses

Asaauigy ( Certified of Calibration ) wasfaanunsaonluldlilu Database fAlé

1" Voltage G 1% Current
2™ Current gzhi;arflclg 2" Voltage
Cal. 9 cal.
Connecting Devices Connecting Devices
for Voltage for Current
Calibration Calibration
Y
Load Number and Load Number and
Channel Selection Channel Selection
A
Voltage Current
Calibration Calibration
Connecting Devices Connecting Devices
for Current for Voltage
Calibration Calibration
Load Number and Load Number and
Channel Selection Channel Selection
A
Current Voltage
Calibration Calibration

End

gﬂﬁ 3.2 System Implementation Flowchart
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3.3 N1522NLUURASANTEUNSES19IUSINTY

Tsunsuagandudnudunisihaunenainiusening Voltage way Current Calibration

wilazdl Algorithm manariuue Commands kae Sequences Neluldsunsulumiloudu

3.3.1 Voltage Calibration Program

Tsunsumsapuiiguussiulnihdadulusunsudnlufignldoufiosmatouse

o U E LY | o W = L4 v
aedynrussniuesadioianasiasosloiatuaeuiunesiasaud.

3.3.1.1 n199anuuUU Voltage Calibration Program

1. szuudhgealusunsuaauiisusssiiulninasiusunsuSasiduns

0
o

&9l Power Supply waz Electronic Load feamn1sviniiinesiu (Preset)

#19A Load 10u QV { Constant Voltage ) Mode

= » N

FUVNULUY Loop

5. Tu Loop agviaulag
5.1 yihmsivaaussnulnihaugile
5.2 senanliiiuidng Steady State
5.3 \Autayaain Load
5.4 &1 Multimeter uazifudayansin
5.6 LAl Tdesae Ul uLIdILIRM Tolerance U % Deviation wag
% Full Scale
5.6 ﬁﬁ‘ﬁ@ﬂgamgﬂmﬂ%mﬁauﬁu Tolerance
5.7 seunanisasuiiau
6. TIVTIMNANTHOUWEY

7. szuusadutelushasuaauisunsasuliii

Lﬁa Tolerance = Set Point + % Deviation + % Full Scale

</ :5 v o = U @ A
fetiu ildusunmnisesnuuuiagmsiilumsvesmsaouileunsdulyidn fagudl 3.3

Galduans Algorithm Vifeuasiuazgniionldidundndrsdadodmifiunisaienis



———— P Input Voltage Array

Voltage Calibration

h 4

Power Supply
Setting and On the
output state.

J

h 4

Load Setting.
CV Loading mode.

Getting Value from

at x position.

y

Input Voltage
setting.

Delay 2 sec.

Voltage Reading

from the Load.

Multimeter Value Tolerance
Setting and Reading. Calculation

Calibration Result
(store it toresult [€—{ Value Comparison
Array)

g

X

PASS

g‘dﬁ 3.3 Voltage Calibration Flowchart

15



16

3.3.1.2 M3A1IUNT Voltage Calibration Program

1. Benld Command & 15U Preset Phrase fa

1.1 SetINSRC fapn Input Source (Power Supply) Taedarh Voltage Range, Current
Limit wag On Output State

1.2 SetAULOAD/SetLOAD d1m¥usas Electronic Load vn#a/1anizChannel 4
#9915 Auddu Taedeen Latch Mode, Latch Voltage, Sense Voltage uag
Loading Mode (CV mode)

2. Senld Command @ wsU UUT (Unit Under Test) Phrase #8

2.1 GetArrayElement $UR1370 Input Voltage Array Variable fAuausedului
duiuusazraaauton

2.2 SetINSRC TnsiarATandidarsundaidludals Power Supply 318 Output
Voltage ufriiu Swzanunsaldosnsaudlwiled Load Munszuausnsdidss
laflgRanseug tlawnguaissulidy

2.3 Delays \flesaszuuiing Steady State

2.4 ReadlLoad 5UA7 Load Voltage 917 Load

2.5 SetDMM ke ReadDMM #adn Multimeter Thinnsn wagusiunduan

2.6 SetArrayFloatVal fwnus Result Voltage Array Variable Ausuifiuafiguld
971 Load ay Multimeter

2.7 MUL, ADD, SUB fiuatun) Tolerance

2.8 SetArrayFloatVal fanun Tolerance Array Variable d1915utAua#ileannnis
A Tolerance

2.9 CheckVarSpecEx i3suifisusitldann Load was Multimeter fu Tolerance

2.10 AND 10 madndann1siisuiteunauntiives Load way Multimeter 1
asUnamsasulioy m Tmaaoudost

2.11 SetArrayintVal fiwum Result Array Variable d1wsuifiudnfildainnisasuiiien
doui)

2.12 ADD Lo1A1 x = x+1 1o Initial/Default Value 289 x=1

2.13 If-Then ALliuN1g Loop MszUUll x < Suiudsmsnegeudes+1 Tinduluvi

] ¥
Lol Qo =

dren1snadavdoeliasuneuiasluvididsdonils u A0flUSung

CalNex
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3. Bunld Command dm3U Post Test Phrase fi9 PauseMsg Liianadudu “OK” / na
Enter Wsunsuilagfioiviouradusunsull “PASS” asaivhanuduund il Bug wide Error uds

WeunSaiatu uwimendudmniidgwiazdiu  “FAIL”

A ldnmlusunsuuasiuusvasisunsumsasudiounssiului figuil 3.4 wae

Ui 35

" = T [ b T VY |
| SetiNSRC_VoltageRange g \ " loerc_indexf Vin_Range v S
SeNSRC_limit z { : Insic_indaxf inl 7
SHINSAC_OutputStats Insz_index.1
SeUAlILOAD ReselVenLaich
SetAHLOAD_Ven Ltatetif_Von
SalANLDAD VolageSense L Visense_Load
SaAILDAD_WodeRangs iL_Load_ Mode {_lioad_Range I Vioad_Range
Caltiex GelrrayElement. £10V_Array i XV, [ InVout
SHINSRC Vout losic_ Jodax f_inViout
DelayS 2
ReadLOAD_Veltage 1 LoadCrid_retum_Vicad
SatDMM_FuncRangs Tastc_lndex 10,6
ReadOMM_Weasure  Inssc_index{_retumDMM
SatAmayFloatVal {_setumDIA | _xData Dmm_Amy
|SetanayFloatval T_retumn_Vicad.i_Dala f ReadLcadV
MUL { VRangs { FulScaleRate 1 FSV
ML T_inVout {_DaviationRats L.V
ADD {FSVS VI AccuTolerance
ADD | LinVout {_AccuTolerance { SpecUP V
sUB {_inVout [_AccuTolerance.f SpecLowV
SstAmayFloatval 1 SpacUP_V i xiata Max_Tolerance_Amy
SetAnayFloatVal £ SpetLowV.i_xData Min_Tokerance_Ary
ChackVarSpacEx f retum_Vioad f_SpecLowV/.f SpecUP_V.r_ResultSpac_Load
CheckVarSpecEx {_retumDMM,{_SpecLowV.{ SpecUP_V.«_ResuhSpec
AND r_ResultSpec.r_ResultSpac_Load Result
SetAsmayintVal Reauk i xDatg Ragult_Biry -
ADD VLV
400 i xData 1,i_xData
H_Then I_xV.<.5, Calbbex:
Pausaldsg Pause_Message

gﬂﬁ 3.4 Voltage Calibration Program

148572



=l= Condition
u f_DeviationRate
u f_FullScaleRate
uf lload_Range
uf nl
uf_InV_Array
u f_InVout
o f SpecLowV
uwf SpecUP_V
uf Vin_Range
uf Vload_Range
W f VRange
-u fL Von
-Mlj_Latch
-ulj_LoadCH
-4l |_xData
i xV
W ilL_Load Mode
-WilL_Vsense Load
“U [nsrc_Index
U Pause_Message

=l Result
U Dmm_Arry
uf AccuTolerance
-uf FSv
- f ReadlLoadV
!vm f_return_Vload
u f returnDMM
Fnfy
- 8 Max_Tolerance_Arry
E——m Min_Tolerance_Arry
-4 r_ResultSpec
a r_ResultSpec_Load
U Result
u Result_Arry

== Global
W Insrc_Type

gﬂﬁ 3.5 Voltage Calibration Variables (Parameters)

18
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3.3.2 Current Calibration Program

IWsunsumsaeuidieunsaualiihignlinufiosnisdeuseansdyanuseninuaiadiotn

wavgunsal wazialasdlodaiuaeufiumediaiaud

3.3.1.1 n13@nLuy Current Calibration Program

1.

e

6.
o

srvuingeislusunsuasuiisunseualvihuaslusunsuEudiiuns

'
as

&l Power Supply wag Electronic Load fiaansynsiuiosdiu (Preset)
#9A Load 18 CC ( Constant Current ) Mode
LSUYIN9TURUL Loop

1u Loop agianulag

5.1 yhnisivanansewalviianueile

5.2 senaiivisudig Steady State

53 \fiudeyasin Load

54§ Multimeter wazAutayanisin

5.6 lenssualwihiigesdeunnuindmnmm Tolerance U % Deviation Wag
% Full Scale

5.6 th¥eyanlgluiyuiisuiu Tolerance

5.7 guNanIsdauLiiey

JIUSIUNANITADULNEU

svuulasadudslusinsuaauiisunszualiii

Lfia Tolerance = Set Point = % Deviation + % Full Scale

uagNsaeUigunse kel llivaiedie Ao Low, Medium uag High Range

At sldukunmnseenuuULaznIAliunsvesmsasuisunszualii figud 3.6

Felouans Algorithm TiMeuazsiuazgnionliddundnansdasiosifiunisadeass

U



Current Calibration

Power Supply
Setting and On the
output state.

-

Load Setting.
CC Loading mode.

lt—|

Getting Value from

Input Voltage Array
at X position.

v

Input Current
setting.

:

Load sinking the
Current.

[

Delay 2 sec.

Current Reading
from the Load.

|

l——

Yes
PASS

Multimeter Value Tolerance
Setting and Reading. Calculation
h 4
Calibration Result
(stere it to result [4— Value Comparison
Array)
x+1l=x

gﬂﬁ 3.6 Current Calibration Flowchart

20
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3.3.1.2 N135AL1iUN3 Current Calibration Program

1.

2,

Bunld Command @ wSU Preset Phrase fia

1.1 SetINSRC darin Input Source (Power Supply) Tngisen Voltage Range, Current
Limit W& On Output State

1.2 SetAlLOAD/SetLOAD dmiussAn Electronic Load NNF/tanigChannel i
Fa9n15 aud1du Tnadarn Latch Mode, Latch Voltage, Sense Voltage Way
Loading Mode (CC mode)

Benld Command @m3u UUT (Unit Under Test) Phrase @

2.1 GetArrayElement $UA97N Input Current Array Variable ﬁLﬁUﬁ’miuLah\lﬁ’l
dmiuudazdiamaaoudos warnsalilidiena Curent Range Array 41778
d1usun1sATwIumn Tolerance

2.2 SetAllLoad 519 On Load Output State B3uvinasyinnsfsnszua an Arunf
YDA IIULDY

2.3 SetNSRC Tngiandrannddaneuntriiludels Power Supply $19 Output
Current musntiy #sasamnsovdesnssualnilfegudnaznadiliflosurdsols

Load fanszualyifin

2.0 SetAllLoad §4l¥% Load 5uvin15vin1sianseua (Loading) su Anisvnadeugey

'
i

N
2.5 Delay5s Lﬁa’iaiwmﬁwé Steady State
2.6 ReadlLoad 3uA" Load Current 910 Load

5
Qs 1w o

2.7 SetDMM uay ReadDMM deen Multimeter Timsin wasSudtunausn

2.8 SetArrayFloatVal fanun Result Current Array Variable dmSuifiuaienule
911 Load war Multimeter

2.9 MUL, ADD, SUB a1 Tolerance

2.10SetArrayFloatVal fivum Tolerance Aray Variable d1u5usfiuAfiléainnas
Al Tolerance

2.11CheckVarSpecEx wWisuifisuaiildain Load waz Multimeter fiu Tolerance

2.12 AND LowaansannnisiuSeurfiaunauntntiaes Load was Multimeter 11

asunansasuifisy a frmedeudesl
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2.13 SetArrayintVal fviun Result Array Variable dusuiiudmiilaainnsasuiion
oyl
2.18 ADD 1971 x = x+1 4o Initial/Default Value vo x=1

]
o -l

2.15 f-Then atliuns Loop 8138Uud x < S1wiutamsnadevdes+1 Tinduluvh
indl

dranrsnageveasliasunaudazluiimdadeainiild w AddslU5y

CalNex
3. 13unld Command @13U Post Test Phrase @a PauseMsg tonadiudiu “OK” / g

Enter TUsunsuiiagiiolnvhauvedusunsuil “PASS” astivihenuduunid 143 Bug viSe Error uas

Waunsalinu uananaudnileymiasau “FAIL”

[ :} L4 ar [ AJ
fetiy laanlusunsutagsnulsvadldsunsunisaauiisunseualwin AIgUN 3.7 wae

38
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SetINSRC_Vout
SetINSRC_OutputState
SetAlILOAD_ResetVenLatch
SetAllLOAD_Von
SetAlILOAD_VoltageSense
SetAlILOAD_ModeRange

Insrc_Index f Vin_Range
Insrc_Index,f_inVoul_C
Insrc_Index. 1

i_Latchii_Von
iL_Vsense_Load
iL_Load_Mode.f lload_Range f Vlead_Range

CalNex GetArayElement fL_Inl_Array,i_xC.{_Inl
GetAmrayElement f_Irange_Array,i_xC.f IFullScale
SetAllLOAD_InputState 1
SetiINSRC_{limit Insrc_index.i_Inl
SetLOAD_Loading i_LoadCH.f_Inl
DelayS 15
ReadLOAD_Current i_LoadCH,{_retum_lload
SetDMM_FuncRange Insrc_index,1,0.6
ReadDMM_Measure Insrc_Index.f_retumDIMM
SetArrayFioatVal f_return_lload,i_xData,ReadCurrent

IShunt UL f_returnDMM,T_Rshunt,{_IRshunt
SetArrayFloatVal f_iRshunt,i_xData. DmmCurrent
MUL 't IFullScale  FullScaleRate f FSV
MUL f_Inl f DeviationRate.{ |deviation
ADD f_FSV.{ Idesiation {_AccuTelerance
ADD 'L]nl.f_A;'cuTnleran:e.f_SpeEUPl
/suB .f_!‘ni,E_Ac;:uTult;:anca,f_SpecLuvd
SetArayFloatVal f_SpecLowti_xData,Min_Tolerance_Arry
SetArrayFioatVal i_SbaéﬂPl,i:kbala,Max_Tuleram:e_Any
CheckVarSpecEx £ retum_lload;f_SpecLowl f SpecUF|,ComparedL OADResult
i Check\)arSpénEx f_réluinjIuad-,f:SpeuLuﬁ,f;épchPl.CampaledDmmResull
AND ' ComparedDmmResult. ComparedL OADResult Result
SetArmaylniVal Resulti_xData Result_Amy
ADD i_iﬁata,i.i_k_i’.)ata
ADD ixCAixC
If Then i_xC.<,10 CalNex
PéuseMsg i Pausé_MessAge

gﬂﬁ 3.7 Current Calibration Program

- Result

¥ ComparedDmmResult
¥ ComparedLOADResult
¥ DmmCurrent

u f_AccuTolerance
ufFsy

u f_|deviation

¢ f_|IRshunt

¥ f return_lload

u f_returnDMM

© Max_Tolerance_Arry

© Min_Tolerance_Arry

u ReadCurrent

¥ Result

¥ Result_Arry

== Condition
i H¥f DeviationRate
-4 f_FullScaleRate
- uf IFullScale
-4 f_|load_Range
! j df Inl
¥ f InVout_C
@ f_|range_Array
~uf Rshunt
i f_SpecLowl
U SpecUPI
¥ f Vin_Range
¥ f Vload_Range
~WfL_Inl_Array
-4 fL_Von
“¥j_Latch
-9 LoadCH
w0 _xC
: uj xData
¥ jL_Load_Mode
#il_Vsense_Load
1 Insre_Index
| -ul Pause_Message

== Global
“ Insre_Type

gﬂﬁ 3.8 Current Calibration Variables (Parameters)

23



3.3.3 AuLAnANgluNsEaUigU

24

dunaldd Wsunsunsaeuiisunszualnihdozguiioududuldsunsunsasuiioy

wssAulaih udfidiesendendnnisaeuiiisuiiudsisiuiegusuuvesdunismegoudos iwuy

nszuatuasuUimsmageuludsdesnieludianisnaaeuvestieRange

Voltage (V)

Current (A)

60

40

30

20

10

60

50

40

30

20 |

10

Set Point#l Set Point#2

Voltage Calibration

gﬂﬁl 3.9 Voltage Calibration Graph

Current Calibration

Lovs hMedium Medium fedium High

Range#Z Range#1 Range#2 Range#3 Range#1

31)‘71' 3.10 Current Calibration Graph

S€%, PoifiHs

Range#2

o

Hieh

Range#3

{ Point#

Range#

4

High

4
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NANISAL LU

4.1 NANISARRIIZUUNTFOUNEUDIRS L

1INNISANAUNITANAITEUUNISAOULTIB USRS e (Smart Calibration System) @

Calibration Centre (Calibration Lab.) #aduanuiivfifnunisaeuiisvaunsaluaziaiesiietn
Vauavedlsenu wag Laboratory Engineers diiagldnuszuunisasuiisuiifilaiunmseusums
o ) = & 8/ v |4 ] n. 5 =4 1 = . L

gufiun1sinfiszuumene szuuldiusnsfinfaly 2 d1ufe Hardware implementation Lag

s or

Software implementation @slfranissuiuauiy 2 druduiuanudidu §od
4.1.1 Hardware Operation Overall

HaNIALILIUNSRARY Hardware Yessyuumsasuiioudenseri Wumsiawdouuway
mﬁﬁwqﬂniﬂiuazLﬂ%‘laqﬁai'mmqﬁﬁaﬂ%‘lusxwﬁmaﬂc-ﬁgw?hﬁaaﬁuﬁa‘lﬁiwﬂ%’mulﬁ R
Usznausiy

1. Desktop Computer 3 Laptop #sanansasaidafiy Network Database léandae

2. Electronic Load

3. Programmable Power Supply

Digital Multimeter

il
5. Resistor
6. GPIB (IEEE 488)
7

Probes way Wires

gﬂ‘ﬁ' 4.1 Hardware Preparation
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gﬂ‘ﬁ 4.2 Hardware Installation

4.1.2 Software Operation Overall
HansRiunsRasa Software vosssuUMsdeuiiBuSaRs s (Junsdawdsuuas
m‘iﬁ”l\l,ﬂé%’a%laLLaﬂUSLLﬂimﬁLﬁ&]’l%@dﬁU‘i%UUﬁ‘lﬂaﬂﬁgﬂu Desktop Computer #38 Laptop &
Calibration Laboratory wanainildsasluds setup anegiAgades waznisnaaavuazly
ﬂgjﬁﬁmuﬁwmmuﬁm auszaousie
1. Smartl Software Installation and Setup
2. National Instruments Software Installation and Setup
a. NI LabVIEW
b. NI MAX (Measurement & Automation Explorer)
c. NI/O Trace
3. Device Drivers Installation and Setup
a. GPIB (IEEE 488) Driver
b. Multimeter Driver
c. Electronic Load Driver
d. Power Supply Driver
4. System and Security Setup



Smart1 ATS (V7.0.0)

A = 00 wisiiig s

Testing Technology Development Division

ADVANCED REPORT

& e

TEST PROGRAM

Text Report Editer

el
\\\ \
b

Function Editor
-
& HW Configuration G Text Reporter ot ftem Editar
Yl :

|

S " B | :
: ak ]
! Inetrumant 50% { > | Chart Reporter ' @ } Program Editor

7 Wiz~ N
.@f H“up, zr \\‘\\\\;F‘C R//rn - ! ‘fb\' b ';!"r“ig.ﬂm Runner
e p - T

TN ’1?3-

2016(c) DELTA ELECTRONICS, INC. Al rights reserved. 9 : 9

E‘Uﬁ 4.3 Smart! Software

24 62006P-100-25 "GPIBO:28:INSTR” - Measurement & Automation Explorer

7 O
File Edit View Tools Help
B by e AN [Wor - @ roimn | P Gommomcrmeth et 63 et Coret | B M0 Tee y 7 i
B Tots Neghbosbacd - i S s el i R il - S V& .
v W Devices and Inseices { L e M
gy KSRLI-STR "LFTY - : -2 = - =
Settings ! What do you want to
do?
= to% L B P
i W‘Hﬁh'“ | Namﬂ | S—— — - —— LY R T S——
ot Vender CHROMA M
>l W0 Drivers
Bl Model 62006P-100-25
Serial Number 02.10
Firmware Revision 2008/04/15
Status Present
VISA Resource Name GPIBO:2B:INSTR
GPIB Instrument
Settings
- " jon shest
ot cat o Fraary P TPAL
Sersndary Andresy (LAD). spanse tn Fhe

T semngs B ek Propeme g e

SUf 4.4 NI MAX
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F& NI 1/O Trace - [capture on] — O X
File Edit View Tools Help
: TR = e P I i
giH e 5[] »]e 5 X [?
Number | Description | Status | iberr | ibentl | Time A
1 viWrite (GPIBO:28::0:: INSTR (0049B8C98), "SOUR:CURR 1%, 11, 11) 0 09:25%:47.174 ]
2 viWrite (GPIB0::28::0:INSTR (0x049B8C38), "CONF:OUTP ON", 12,12) 0 09:25:47.214
3 viwrite (GPIB0::9::0::INSTR (0x049B7D10), "SRA "1,0,0,0,0,0,00"", 21,21 0 09:25:47.250
4 viWrite (GPIB0:9::0::INSTR (0x049B7D10), "LAT "1,2222222™, 21,21 0 09:25:47,278
5 viWrite (GPIB0::9:0:INSTR (0x049B7D10), “VON “0.01,0,0,0.0,0,0,0", 24 0 09:25:47,282
6 viWrite (GPIB0::9::0::INSTR (0x049B7D10), "CHAN 1;MEAS:INP LOAD", 0 09:25:47.314
7 viWrite (GPIB0=:9=:0::INSTR (0x049B7D10), "M "7,0,0,0,0,0,00°",19,19) 0 09:25:47,344
8 viwrite (GP1B0::9:0:INSTR (0x049B7D10), “CHAN 1;VOLT:CURR 1.0", 2 0 09:25:47.347
9 viWrite (GPIB0::28::0:INSTR (0x04988C28), "SOUR:VOLT 1%, 11, 11) 0 09:25:47.401
10 viWrite (GPIB0::9::0::INSTR (0x049B7D10), "CHAN 1:MEAS:VOLT?", 17, 0 09:25:49.487
1 viRead (GPIB0:S:0:INSTR (0x049B7D10), "0.9975.", 1023, 7) 0 09:25:49.491
12 viWrite (GPIB0:22::0::INSTR. (0x049C2440), ":CONF:VOLT AUTO,MIN", 0 09:25:49.533
13 viWrite (GPIB0:22::0:INSTR (0x049C2440), ":INIT:FETC?", 12, 12) 0 09:25:49.582
14 viRead (GPIB0:22::0::INSTR (0x043C2440), "-1.53641000E-04.", 1023, 16 0 09:25:49.584
15 viWrite (GPIB0::28::0:INSTR (0x049B8C38), "SOUR:VOLT 10°,12,12) 0 09:25:54.220
16 viWrite (GPIB0:9::0:INSTR (0x049B7D10), "CHAN 1;MEAS:VOLT?", 17, 0 09:25:56.296
17 viRead (GPIB0:9::0:INSTR (0x049B7D10), "10.0025.", 1023, 8) 0 09:25:56.299
18 viWrite (GPIB(:22:05:INSTR (0x049C2440), “:CONFVOLT AUTO,MIN", -0 09:25:56,347
19 viWrite (GPIB0:22::02INSTR (6x049C2440), “:INIT=FETC?", 12,12) 0 09:25:56.388
+ y e =g - sl
Copweea32 -l Diplayea |
=
3Un 4.5 NI I/O Trace
T witestdV1.0) - Smart! Test Prograrm Runeenff1 0.2 22) a X
e B View Took wWelp - oy N |
5 = Shay =R b e
- ' ¢ RS R
= N I e
= Tow Progren: | cokts
_: (O
= “_H &l
| W e
.3 B i Saritaiys
z o
- DwonTiemee 1146 909X
3 Seart Time © 119728 90823
= loped T | DS
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2
| v
e 4 b W' Oupit Test Resu Inbeerrtion Pane Wllh Farm
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Ui 4.6 Software Testing
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AN519T 4.1 Accuracy Test for Voltage Setting

Voltage Set Point Manual Calibration (V) Software Calibration (V)

0.5 0.4981 0.4993

1 0.9933 0.9995

5 49710 5.0002

10 10.0054 9.9899

50 49 8503 50.0156

70 70.0240 70.0573

100 99.8999 99.9387

A151991 4.2 Accuracy Test for Current Setting

Current Set Point Manual Calibration (A) Software Calibration (A)

0.5 0.4981 0.4993
0.8 0.8070 0.7999

1 0.9932 1.0035

5 0.8734 5.0100

10 9.9982 10.0023

15 15.1142 14.9815

20 19.8920 19.8999

25 248891 24,8994




Voltage (V)

Current (A)

100
%0
80
70
60
50
40
30
20
10

25

20

15

10

Voltage Accuracy =@=|Vianual —@— Software

Set Point

g‘dﬁ 4.7 Voltage Accuracy Comparison

Current Accuracy e=@==|Vianual —@— Software

Set Point

g‘l.lﬁ 4.8 Current Accuracy Comparison
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4.2.2 AMUNEIATIVRITTUUMSHaULTiBUdaasue

IN15199 4.3 way 4.4 wulrnsasuifisulaenisidaulsuduldeeauisiinanis
nagoulnatfsanukara LA wswuliuaznssualni Airnualy wasdlmsiuin nsldvensuas

dulvmanwdaudunislgaulsuianisaauiiiey

LazIINgUN 4.9 waz 4.10 wuimnsvvesnsaeuiisumegensiuaiinualdurewanis
asufisuegludnnengulndifesiunudiussiulniuasnszualifidmuald Jeagdleann

szuuMIaRUisUsRTesiilnuuiug1gs

ansneil 4.3 Precision Test for Voltage Setting

Software Calibration at
Voltage Testing No.
B \X 10V 20V
1 5.0121 9.9991 20.0012
2 4.9952 9.9989 19.9823
3 4.9834 10.0017 19.9724
q 5.0128 10.0002 20.0000
5 | 5.0001 9.9998 20.0002
6 4.9990 9.9995 19.9993
7 5.0021 10.0010 20.0001
8 4.9931 10.0005 19.9999
9 5.0003 10.0111 20.0000
10 4.9999 9.9998 19.999




m‘neﬁ 4.4 Precision Test for Current Setting

Current Testing No.

Software Calibration at

3‘Uﬁ 4.9 Voltage Precision Comparison

0.5A 2A 5A
1 0.5021 2.0031 5.0000
2 0.4935 1.9999 5.0001
3 0.4983 2.0000 4.9999
4 0.5012 1.9923 5.0012
5 0.5000 1.9983 5.0033
6 0.4998 2.0001 4,9992
f 0.5001 1.9988 49921
8 0.5003 2.0010 14,9998
9 0.4999 NP 4,9999
10 0.5000 2.0002 5.0000
Voltage Precision
20 —@ .3 (D> & & - & ©
15
=
U
F10 —e—e o—eo > —o o ? —8—At5V
2 ——At 10V
—@—At20V
5 —@ G e @ o @ )
0
1 e 4 5 © 7 10
Testing No.
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Current Precision

5 @ \ 4 ¢ . @ @ 4 & & 3
4
=
b=
g 3 —@—At 05 A
S —P— AL 2 A
2 [ —6 - @ @ —@ B ® —8—AtSA
1 it
G—a— o— L 4 . L - 4 L 4 |
0 4 . ot
1 3 4 5 6 7 £ a 0
Testing No.

gﬂﬁ 4.10 Current Precision Comparison
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15147 4.5 Conventional and Smart Calibration Comparison

Testing Number

Manual Calibration (s)

Smart Calibration System (s)

1 359 100
2 330 109
3 367 100
a 401 101
5 895 100
6 365 109
7 Y7 100
8 374 100
9 348 109
10 356 101
Average Time (s) 362.2 = 362 109.9 = 100

Average Oprating Duration

i
I

Smart Calibration System - 100

B Smart Calibration System

0 50 100 150

200 250 300 350 400

Time {(sec)

B Manual Calibration

g‘d‘ﬁ 4.11 Average Duration of Calibrating Operation
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4.2.4 ANUFLAINVOISLUUNISEOUTIIUDIRT Y

o a & ¢ ¢ w o ' 4 A o ¢ Y oYy W o
nsldanuannsafanseniwiiudhadeniosolaninihuazaunsalididmeiuiu

~ L3

furaufinmed Wsawidfaunsaenreszuuuazniuaunmsaniunsaeuiiouliedsauysel

5
@ °

wannudsausohludanaluranfnmesinsasiiialuinisnisaeuiisuuananunlaivu

L %

nmsidentduaruilalusunsudwiuusiavelin Beuasiu veardesdlotamslwieannse
mlalagidenauinililviiienaguwa videtbififansavihnisadalusunsuduainifmuauay

RaALUIkarFUL U, e s

v & o= v = v e A = v - 1
fatludsagUldin ssuunmsasuiiisudanioriiluszuuiasaantumsldou dangulunis

iy Tauhewarsasa

g‘dﬁ 4,12 Smart Calibration System for the Laptop
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TESTING ITEM:

RANGE:

ACCURACY:

DC VOLTAGE /CH.2 ( 63640-80-80 )

0-80V.

+/- 0.5%+0.1%FS.

1.0000 1.0002 NO ADJUST 0.9195 - 1.0805 PASS
10.000 10,000 b 9.915 - 0.085 PASS
30.000 29.996 w 29.905 - 30.085 PASS
50.000 49.994 NO ADJUST 49.895 - 50.105 PASS
TESTING ITEM: DC CURRENT/CH.2 ( 63640-80-80 )
RANGE: 0~080~80~B0A
ACCURACY: +-0.1%+0.1%FS.

NO ADJUST
0.8000 0.9995 A 0.7984 - 0.8016 PASS
1.0000 0.9975 NO ADJUST 0.991 -1.009 PASS
5.0000 4.9880 I 4.987 - 5013 PASS
8.0000 7.9860 Y 7.912 - 8.088 PASS
1.000 0.9850 NO ADJUST 09190 -1.0810 | PASS
10.000 9.9850 = 9.9100 -10.0900 | PASS
30.000 20.970 = 209.8800 - 30.110 | PASS
50.000 49,965 NO ADJUST 49.8700 - 50.130 | PASS

<
sUN
u

4.15 System Report
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AMARNUIN N

Hardware Information

f.1 Electronic Load

WuaSaeivauduadouniszuie Load wuuniedidnnseiind Tugduwuulvan
A5THanse (DC) waznseuaadu (AQ) fianusauiuidsuruiaussiu (voltage) waz nszudly
(Current) vosluanldmudidosnis
auliun (mode) Mssarveddnand dnnsedindisail

1. Constant Current; CC

2. Constant Voltage; CV

3. Constant Power; CP

4. Constant Resistance; CR

welinsidenluualdnuiuaiusgiveiinvenisnageuiu vandldnvsedndduunnld
NuiiunsvageuAuaNdR-Aan YBIATeD/QUNTAIA9 LU unasgglil (Power Supply),

WUALRDS, LED driver 1usu waglvandlvlulasesnuiife

Chroma DC Electronic Load
36300-5 (Mainframe)
B Max. power: 100Wx2(Dual), 300W & 400w
®  Voltage range : up to 600V
® 5 module mainframe Max. 2000W, load modules up to 400W/ea
®  Up to 10 channels in one mainframe, fit for testing multiple output SMPS
B 0.4V @ 80A (Typical) low voltage operating characteristics
®  Flexible CC, CR, CV and CP operation modes
®  CZ mode for turn on capacitive load simulation
B Parallel mode for high current and power application up to 2kwW
®  Multi channel synchronous control
" Auto frequency sweep up to 50kHz
Real time power supply load transient response simulation and Vpk+ / -

measurement



44

User defined waveform

Max. Power Point Tracking

User programmable 100 sequential front panel input status for user- friendly
operation

Precision voltage and current measurement

Precision high speed digitizing measurement/ data capture
Voltage, current and Pmax measurement for OCP/OLP testing
Timing measurement for batteries

Short circuit simulation

Self-test at power-on

Full protection : OC, OP, OT protection and OV alarm

Ethernet, USB and GPIB interfaces

gﬂﬁ .1 Chroma DC Electronic Load
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.2 Multimeter

L3

‘J = - El! 1 - L% 1 = =
Wuiriesdoviandwoagisluiln - Inglnsiad wazd1edidnnseing

v

T4 dmsuin
W = a @ o 2 = v | = 4 A e
wsanulAi s onsuaaaulnin SanseualiduasinAianudiuyududy widlesesilaTanin
fazugnyaeonaniu wu dwmiuln AC vialvaduiisendt 103 Taavilliees (AC volt meter) w3e

Iiamanudumuiisonit Teviudiwes (ohm meter) Wusiu Jaudunsgendmiudnfiazdes

=

-‘-‘1 =1 -&, ] dl & L7 Vo 1 LY v e
whiesesdieUssinnillunans ) adne Weilunisussndanazlfiteaueaoswiilunisideu Jelad

s uaIedioudaziuinsegludune WeanuasmnauiesIssunaseslietuliy

1 o e

1 Tafilnas (multi meter) vinedsen dinoivanes siaunswetludafediulaevingluudiing

i
Qs LA

melUiseniui dwes Ao daflimes Uuies
Tafdiwmas Usznoumeaiumiessell
1. Ohm meter 1A393IAAIATNAIUNIU
2. Volt meter psasindusunfeunsaussiuli

A7 o010
3. Amp meter la3avinaInssialnng

MIMUALS I8N multimeter 9158 ( V.O.M. meter )

< = ar

) & d A v oa Ha 9 o = a o
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= & a8 14 1 ] @ o o A o ¥
1imas (galvanometer) #3UT2naUmMeunann wulwan Lasdudvwivaal Watsndeunseualwitn

e v W

A =, ﬁl' " g o 1
Tunemalnnaginauiuudwantniy FauiuwdwdnlWidasndnsuiudunvasau L Uwman
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1. V.O.M. { meter- ohm-miliamp meter )
V.T.V.M. ( vacuum tube volt meter }

T.V.M. ( transistor volt meter )

=~ N

D.MM. ( digital multi meter )
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fosfnuwgintuuiusiie dulinihfiednsls agldeddlsamsdvuiioldlilifionan guasainli

dryadergnisléarununiy uasdafiimesldlulassnuilde

Agilent 6% Digital Multimeter
34401A
" Power Supply : 100 V/120 V/220 V/240 V +10%.
B Power Line Frequency : 45 Hz to 66 Hz and 360 Hz to 440 Hz, Automatically sensed
at power-on.
" Power Consumption : 25 VA peak (10 W average).
B LO to ground: 500 Vpk.
" Hlto LO : 1000 VDC or 750 VAC (1000 Vpk).
®  HI to ground : 1500 Vpk.
®  Input Protection : Externally accessible 3 A 250 V fuse and Internal 7 A 250 V fuse.
®  Relative to calibration standards.
B 750 V range limited to 100 kHz or 8 x 107 Volt-Hz.
®  Specifications are for 4-wire ohms function or 2-wire ohms using Math Null. Without

Math Null, add Q.2 additional error in 2-wire ohms function.

5Uf n.2 Agilent 6% Digital Multimeter
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n.3 GPIB (IEEE 488)

NATIONAL
wmﬂwmmrs

GPIB-USB-HS

5
il

SU#l n.3 GPIB (IEEE 488)

General Purpose Interface Bus unswusredeyaszuulminfiald Sumuioy wiinee
TasumMsNmNlagUSEN Hewlett-Packard flausiUatenenssy 1960 wavldwmunaunsyialasu

155N Institute of Electrical and Electronic Engineer (IEEE) 11l 1975 ssiaan3dniily

%o IFEE 488 standard

JaUsrasAusnuns GPIB Aaldlunismivaueiestiotalagaoufiained adwlsinnu
ynUsvasAlafeunUaslutnud Taen1sus 6PIB unldmuauuasinsessninneuines
mefuniaszwinrauiines AU scanner vsolAiaeiiodnous lusservarsUiiuus1agnun

wsaspaufiusesuniusudl GPiB Anudugunsalinnsguveuniond

GPIB WunsfiadewuulnmifisunsailiousogunsaivaneBudindu GPIB Port duiduala
lavanunsasiogunsalagatia 15 Hu lagly bus eedifies vilvusenda (wagdesiuFesnm

luns set gunsal)



48

@/

drutoRdue dasl

3

1. dwudoyamedTuuuuuiu Asas 1 byte (8-bits)

U

2. Hardware %L‘i‘juﬁﬁ'@miﬁ}ad Handshaking, timing LLazﬁ'uﬂ

3. dnnsdwudeya 800 Kbytes/sec vivounnndi Fatutusnndledisusiu port wuu
g

a. deds AsCll lun1sdeste wariug Savansusznns

fansaifonaasddn frmndund GPIB Port AsiiussAvsnrmauiind isnudauasd
sngnannviieetainsemdouiunauiiamesuda vilusnaviosda DAQ Card inld8n Asfis
roudlalududuusnda GPIB Port llaunsavinlvireuianesndalaenssiu Transducer la
GPIB Port axtilumsiinfesywinerasfininedfugunssiiidl GPIB Port iwintiy Sagunsniiisl GPIB
Port Ainfsagftnasidugunsaitsziamedasiioaidu Oscilloscope, Multimeter @y Actual

Instrument Bgids AN sdwuteyainludeyandumlateuiosuds masuuweiesle

wiauariisguu Signal Processing aglumiesiousoouds

aehalsfinnu dmiumsldnusauiuluunsy LabVIEW Raseiugunseioulagriunia
GPIB Port 1 @130y iansatiudngainaaansadila wagaunsaamnlaain

wasiloluldmuangUnsniauy munauiaineils
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n.4 Power Supply
Hugunseivaniiressnglulitutudusazgunsaisneniemanelusies fguiiady
ndesdudsuisfsegnglufies (@usoneaeuld) vudhiluUasussiiniinssuasdy (AC)
muthuan 220 hadlideewssiuluiinszuanss (00 3 yafe 3.3 uag 5 Tas iadglyl
“Lﬁﬁ’mqm%uﬁquqﬂnsﬂimaq waz 12 Taad lednelwlisuuamesvasunsaifadlas i siuds

WARLSZUNEDINAPIEY

b4
o v o

Tagtumneidwnarenasianldasiimdalnsus 400 Sndvuly Medidelvidisane

'
s

AuAUADINITTBITUdIUgUNTRIA9 T anUaag s luiAToIRRRIAB s TULEY d1UsU

usedulnihnssuaady (AQ) mmthu Wszndlne) laemiluegagil 200-250 VAC wieunseualy

Uszanns 3.0-6.0 A uagAanil 50Hz deluielivudiigunininoufiamesanuisavineuls
nadnwaraazdowtasussiuly AC Ty DC ussdudiluszaumieg sufslSunmiunoanis

yoanszudlrivzsesglinuiudiugUnsalanegnae lagseduvealssiuln (DC Output) fign

]

' ) 1 = v o= ) e
"31']8@aﬂ@i’]ﬁl’]ﬂLW’]L’J@i%WWﬂ']E'll,mag'iu/ﬂﬁaﬁlgiﬂaLﬂﬁ@ﬂu LLﬂUiMﬁ‘iﬁjﬁEjﬂ‘uax‘iﬂizLLﬂlw (Max

Current Output) fignituaenuitiuealadiviniu (uawedgu/dve) Ysllnadenisiildiulanln

el & ar et 3 1 s & 1 LY -4-‘-‘.!’
Inasiu (Total Power) iswTaasdgwnwanasinuy ssanunsndnalwlviuaunsalsngglasae Tneluni
LUNAI0YITUALLBYAIMINWIDITNNANYEHD Enermax aiuna. Coolergiant Ju EGTO1AX-

VHOW) fliiasliflaesaatszan 600 Saf (Watt)

UszLanved Power Supply wuseanttu 2 Usuianlwaifie

=

1. AT duwndstrelwiitesldfaluussanm 4-5 Drou (wa. 2539) Tnedanda - Ua s

s A4 aa  a

eudumsdenssivumasdigln iliiiedgmduauasalunsda idu ersanan viedfiy Ades

Y

’
= 1

Y] & - = = a1 o oty e R <o a
ofelnlutivuevie neunsulniased (Bnd1g9 avlladndUaln 91N nanesEnnasfinun
n2e)

2. ATX \Duunasinglnfdenldludagtu nelinsdmuiain AT lnsdeuduie - TUa
] o 1 o .-_'\I Y - & €1 d  a = o q v )
Aenssivdiuuuueianeu ielvidintinssualivdaidasgunsalieunastainies vivlwandns,
\Aevesgunsalad Ingiisunineg dail

3. ATX 2.01 wuv PS/2 ldfuaauiamesiiqluailddrdauuu ATX anunsaldlanu
LIUUBSALUU ATX wag Micro ATX

v o a s . do ve o
4. ATX 2.03 wuu PS/2 1diuaaufimesuwuy Server 39 Workstation flgsad9uuy

o ' = a S w4 1
ATX (adLﬂm’]%ua’]UlWLWﬂJaﬂwuﬁLﬁu WL%EJHT] AUX connector)
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o

5. ATX 2.01 wuu PS/3 MiuAaufiimasildsfiiduuy Micro ATX hastiuuasaLuy
Micro ATX wintiu

uaw Power Supply Midlulassseniiae

Chroma Programmable DC Power Supply
Model 62006P-100-25
B Voltage range : 0 ~ 100V.
B Current range : 0 ~ 25A.
B Power range : 600W, 1200W, 2400W, 5000W.
" Power Factor Correction (0.95).
®  High-speed Programming.
B Precision V& Measurements.
Current sharing for parallel operation with Master/Slave Control.
B Auto Sequencing Programming: 10.
" Programs / 100 Sequences /8 bit TTL.
B Voltage & Current Slew Rate Control.
B OVP, Current Limit, Thermal protection.
®  Remote sense, 5V line loss compensation.
® APG (Analog Programmable Interface) with Isolated Analog Interface Card.

B Optional GPIB control with SCPI, Standard RS-232 and Standard USB interface.

g‘d‘ffi N.4 Chroma Programmable DC Power Supply
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AMANUIN U

Software Information

9.1 Smartl

\Jugerduasiivaulan TTDD ves Delta Waldlunisdudumsdsgdsafueiodns,
wiesileTn uavdug anmsooenuuulusunsy Lﬁ‘u"ﬁa;\i’aLLaziwamuwa‘Lﬁﬁg\mm

Management : #15Un1301159NE13 19 Import, Export, Delete, Release Jusu

H/W Configuration : §am3. Hardware vignldluseuy

ltem Ediitor : a@313alUsun s

Program Editor : Sanslusunsuiiada

Program Runner : [9lUsunsu

Text Reporter Editor : 4aN155718974

Text Reporter @ 3784 UNa

Chart Reporter : 518311 uns W

Help : dmsugiogareqilsidladmsunisliey

Smart1 ATS {V7.0.0)

£\ pELTa [0 yxsnee

Testing Technology Development Division
il ADVANCED REPORT TEST PROGRAM
: - y -
% Management ! ”;_ Text Report Editor 4 ! Function Edier
@ KM Cenfiguratin \T’fb Text Reporter o Rem Editor
E ~ instrumant Centrol ‘&:; Chart Reporter @ Program Editer
i @ Haip :ll SPC Reporzir. -E;_b:/\f Program Runner

2016(c) DELTA ELECTRONICS, INC. Al rights reserved.
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3UN 2.1 Smart1



2.2 NI MAX

Naticnal Instruments Measurement and Automation

doan35vmine Hardware Wulusunsudiléuniu LabVIEW

 File Edit View Tools Help

W Qe

System Settings
bastrame

0845 Hame
Vendor

Wadet

Sedat Number
e Revizian
Operatiog ymem.
Syrten Srart Time
Deserston

Srvtem Configuration Ve

F& My System - Measurement & Automation Explorer

MBFI 122820138 57184721580
Mrosol Windows 19 i
LIS TS

- ] X
i HideHelp
[ a .
National 2
Instruments
Measurement &
| Automation
eqI Explorer

1 Measurement & Automation
Explorer (MAX) provides
access to your National
Instruments products.

What do you want to
do?

" Manage my devices and
interfaces

National Instruments

%

A

jt Manage my installed
{

i

b

E‘

lMan virtual chan
or tasks for devices

L | Create scales for my
I virtual instruments

HEER >

SUT 4.2 NI MAX
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9.3 NI I/O Trace
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National Instruments Inputs and Outputs Trace dwiugtoyaivefinniunisdeds

5¥%114 Hardware

Eti NI 1/O Trace - [capture off]
File Edit View Tools Help

=L

T8 X [?]

Number | Description

| Status | iberr | ibentl | Time

Displayed 0 |

gﬂﬁ 2.3 NI I/O Trace
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