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x  Warranty

Thermo Fisher Scientific Australia Pty Ltd (fAThetdafectsikhi sher ¢
either the materials or the workmanship for a period of three years from the date of delivery to the original customer.

This warranty is |imited to, and purchaserds sole remedy f
such defects, without charge, when the instrument is returned to Thermo Fisher or to one of its authorized dealers
pursuant to Thermo Fisherdés return policy procedures.

The obligations set forth above shall be void with respect to any damage to the instrument resulting from accident,
abuse, improper implementation or use, lack of reasonable care, loss of parts, force majeure, or any other third party
cause beyond Thermo Fisherds control. Any inst alodothéri on
tampering with, the instruments performed by any person or entity other than Thermo Fisher without its prior written
approval, or any use of replacement parts not supplied by Thermo Fisher, shall immediately void and cancel all
warranties with respect to the affected instruments.

, ma i

Thermo Fisher shall not be liable for any incidental, indirect, special, punitive or consequential loss or damages resulting
from or arising out of the use of the instrument, In no event shall Thermo Fi s h e r 6 sithrespadbto the intstyument,
the use thereof, this warranty statement or any cause of action related thereto, under any circumstances exceed the
purchase price of the instrument actually paid by purchaser.

Where Thermo Fisher supplies to the customer equipment or items manufactured by a third party, then the warranty
provided by the third party manufacturer shall pass through to purchaser, but only to the extent allowed by the original
manufacturer or third party supplier.

EXCEPT AS EXPRESSLY PROVIDED IN THIS WARRANTY STATEMENT, THERMO FISHER DISCLAIMS ALL
OTHER WARRANTIES, WHETHER EXPRESS OR IMPLIED, ORAL OR WRITTEN, WITH RESPECT TO THE
INSTRUMENTS, INCLUDING WITHOUT LIMITATION ALL IMPLIED WARRANTIES OF MERCHANTABILITY OR
FITNESS FOR ANY PARTICULAR PURPOSE. THERMO FISHER DOES NOT WARRANT THAT THE INSTRUMENTS
ARE ERROR-FREE OR WILL ACCOMPLISH ANY PARTICULAR RESULT. ANY ADVICE OR ASSISTANCE
FURNISHED BY THERMO FISHER IN RELATION TO THE INSTRUMENTS SHALL NOT GIVE RISE TO ANY
WARRANTY OR GUARANTEE OF ANY KIND, AND SHALL NOT CONSTITUTE A WAIVER BY THERMO FISHER.

The Purchaser shall be solely responsible for complying with all applicable local, state and Federal laws with respect to
the installation, use and implementation of the equipment.

x  Trademarks
dataTaker is a registered trademark of Thermo Fisher Scientific Australia Pty Ltd

Adobe® Flash ® Player. Copyright © 1996 i 2006 Adobe Systems Incorporated. All Rights Reserved. Protected by U.S.
Patent 6,879,327; Patents pending in the United States and other countries. Adobe and Flash are either trademarks or
registered trademarks in the United States and/or other countries.

All other brand and product names are trademarks or registered trademarks of their respective holders.
x Regulatory Notices

This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to part 15 of
the FCC Rules. These limits are designed to provide reasonable protection against harmful interference when the
equipment is operated in a commercial environment. This equipment generates, uses, and can radiate radio frequency
energy and, if not installed and used in accordance with the instruction manual, may cause harmful interference to radio
communications. Operation of this equipment in a residential area is likely to cause harmful interference in which case
the user will be required to correct the interference at his own expense.

Please refer to the following table and information for compliance requirements of the DT80 Series, CEM20 and internal
devices.

Domain ‘ Applicable Standards

EN 60950.1:2006 +Amdt 11(2009), A1(2010), A12(2011) & A2(2013)
ASINZS 60950.1:2011 +Amdt 1(2012)

EN 55032: 2015 + AC:2016

EMC
EN 55024:2010
EN 61000-3-2: Ed. 4.0 (2014)
EN 61000-3-3: Ed. 3.0 (2013)
ETSI EN 301 489-1 V1.9.2 (2011-09)

Safety (Product with Integrated Modem)

IC CFRA47 FCC Part 15, Subpart B (Class A)
FCC CFRA47 FCC Part 15, Subpart B (Class A)
China RoHs 2 i models without WiFi / Modem Refer to China RoHs table below
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FCC / IC Statements

This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to part 15 of

the
equ
ene

FCC Rules. These limits are designed to provide reasonable protection against harmful interference when the
ipment is operated in a commercial environment. This equipment generates, uses, and can radiate radio frequency
rgy and, if not installed and used in accordance with the instruction manual, may cause harmful interference to radio

communications. Operation of this equipment in a residential area is likely to cause harmful interference in which case

the

user will be required to correct the interference at his own expense.

Changes or modifications not expressly approved by the party responsible for compliance could void the user's authority

too

Cet

perate the equipment.

équipement a été testé et reconnu conforme aux limites d'un appareil numérique de classe A, conformément a la

partie 15 des régles de la FCC. Ces limites sont congues pour fournir une protection raisonnable contre les interférences
nuisibles lorsque I'équipement est utilisé dans un environnement commercial. Cet équipement géneére, utilise et peut
émettre de I'énergie radiofréquence et, s'il n'est pas installé et utilisé conformément au manuel d'instructions, peut
causer des interférences nuisibles aux communications radio. Le fonctionnement de cet équipement dans une zone

rési
ses

Les
ann

dentielle est susceptible de causer des interférences nuisibles, auquel cas I'utilisateur devra corriger l'interférence a
propres frais.

changements ou modifications non expressément approuvés par la partie responsable de la conformité pourraient
uler l'autorisation de I'utilisateur d'utiliser I'équipement.

Dependent on model the product may contain

X

1 Modem (DT80LM3, DT82EM3, DT85M3, DT85GLM3) i FCC ID: RI7THE910/ IC ID: 5131A-HE910
1  WiFi Module (DT80W, DT80GW, DT85W, DT85GW) i FCC ID: XF6-RS9113SB / IC ID: 8407A-RS9113SB

China RoHs

Hazardous Substances

Part or “H
Component d
Name . Hexavalent Polybrominated Polybrominated
5 = Lead (Pb) | Mercury (Hg) | Cadmium (Cd) o miim (crevi)) | Biphenyls (PBB)  Diphenyl Ethers (PBDE)
‘EE
Resistors
X [¢] [¢] (0] (0] (0}
Standoffs % o o o o o
nni I
Connectors % o o o - -
Fasteners
X [¢] [¢] (0] (0] (0}
2]
Potentiometers
3 X o o (e] (¢] (0}
M ick
emory Stic X o o o o o
Integrated Circuits
X [¢] [¢] (0] (0] (0}

This table is prepared in accordance with the provisions of SJ/T 11364.

W SJ/T 11364 LA

o

(0}

X

X

M

threshold of the GB/T 26572 standard.
relevant threshold of the GB/T 26572 standard.

As a service to our customers, we are using the chart format to provide information regarding these part or components.

(Concentration limits are 0.1% for Lead, Mercury, Hexavalent Chromium, Polybrominated Biphenyls, Polybrominated Diphenyl
Ethers (excluding decaBDE), and 0.01% for Cadmium)

: Indicates that the concentration of the hazardous substance in all homogeneous materials of the part is below the relevant

P T GB/T 26572 Y R
: Indicates that the concentration of the hazardous substance in at least one homogeneous material of the part is above the
B W T F GBIT 26572 A
arking Standard SJ/T 11364 requires this chart format for listed parts or components that exceed a maximum concentrated limit.

SJ/T 11364

" EE W b M oW T Ly 01,° yi w 0.01)

'k Environment Friendly Use Period (EFUP)
5; LUK Ga ~ EFUP @
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Changes or modifications not expressly approved by the party responsible for compliance could void the user's authority
to operate the equipment.

x  Disposal of Product and Batteries

This product is subject to the EU Directive 2012/19/EU for Waste Electrical and Electronic Equipment
(WEEE). As such product must not be disposed of in general waste facilities. Please refer to local
regulations or contact your distributor on how to dispose this product in an environmentally friendly
manner.

Dispose of used batteries via an appropriate recycling facility only.
x  Warning

dataTaker products are not authorized for use as critical components in any life support system where failure of the
product is likely to affect the systembés safety or effecti\

This equipment is compliant with class A of EN55032. In residential environment this equipment may cause radio
interference.

x Important: Firmware Version Covered in This Manual

This version of the dataTaker DTBORange Us er 0 s-008%BiliE dppliésitbhe DT80 range of data loggers
(DT80, DT80G, DT80L, DT80LM3, DT80GL, DT80W, DT82E, DT82EM3, DT82I, DT85, DT85G, DT85L, DT85LMS3,
DT85GL, DT85W, DT85GW, and DT85GLM3, Series 1, 2, 3 and 4) running Version 9.20 firmware.

UM-0085-B11E DT80 Range User Manual Page 4
RGJIKLIW



Content

(@01 1 11= 0 | AP 5
[T N N I e [T 0 = O 14
DI o] oY of =T o) £ TP PPT 14
RTAY A= A1 [ 0 < 14

The DT80 ProdUCE FAMIIY .......coooiiiiieiiiie ettt e ettt e e e e ettt e e e e e e e ntbe et e e e e e e s antbeeeeaaeeaanenees 14
DT8O-Friendly SOMWAIE ........eiiiiiiie e e e e e e e e e et e e e e e e e e s s tb b e e e e aeessasssanneaeeeesaaaes 18

P oo 101 I3 =T LU = | U 18

YN o TU o (g LY D I SO g (=T = (o = 18
(1= o RS = Vg (=T o TP ERTRT 19
ST=TaTo [T gTo J @Xe] 131 o= 1o o TP PRTRT 20
(1= o 1] o TSP PPRPRSP 21
Designing Your Data LOGGING SYSTEIM .....eeiiiiiiiiiiiiiee ettt e e e e ettt e e e e s e sattaeeeeeeeessnntbeeeeaaeesasssnaneeeaaesaanes 21

[V (SEe T U T =T 0 1 T=] 0] K 22
What Can the DT8O IMEASUIE? ......uiiieieieiiee ettt e e et e e e e e e et ie e e e e e e e eaa it e e e e e sessaaaeeeeeessbaan e eeeeseessrans 22
Analog Channels T INTFOAUCTION .....co..uiieiiiiee ettt e e ettt e et e e e st e e s enne e e e antbeeeeaneeeeeannes 22

Digital Channels T INOAUCTION .........ouieiiiiiiie ettt e et e e e e e anbr e e e 25

Serial Channels T INtrOAUCLION ...........ooiiiiiieeeeeeee 25
Programming the DT80.......ccooi oo 26
TYPICAI WOTKFIOW ...ttt ettt e ettt e e ettt e e e e mte e e e ek bt e e e anbe e e e snneeeeantbeeeeaneeeeennnes 26

USB MEMOTY GEVICES.....eeiiieeeiiiiitiiee e e ettt e e e e ettt e e e e e e s e tte et eaae s e s asbaeeeaaeeesansbbeeeeaaeesaassstseaeaaesaasssbeeeaaens 28
Format Of REtUINEA DaAta .........u.iiiiiiiiii e e e e e 29
ST 1 (] TN = = TR 29
[IoTo o [=To I B -1 - RS SRRPPR 30

(g T S T T O a = 1o 1= £ 32
Channel DEFINITIONS ...eeiii e e e e e e e e e e et e e e e enaeeanaas 32
Channel NUMDBEIS ..o e e e e e e e e e e 32
Channel NUMDEI SEOUENCE ........cooiiiiiiiie ettt b e s et e e e ee e 33

(O T= Ta T o 1= I 1Y/ 0 1= PSP 33
INEEINAI CRANNEI TYPES ...ttt ettt e e e oo e ettt e e e e e e ab b b et e e e e e e e s n bbb et e aeeeeanbnbeeeeeeesanns 36
ChannNel OPLIONS ..ooiiiiiiiiiiiieei e 40
OVBIVIBW ... ettt et ettt e e e ettt e e e e e et et e et e e eeee e e ettt eeeese s s sbaa e eeeeesssban s aeeesssssaanaeeeesesssannaeessssssannaaaneeees 40

A Special Channel Option & ChanNEl FACION ........c.uiiiiiiiii e 41
LB 11T o L=l =T o] 4 KT PO P PP OOPPPPPRPTN 41
Mutually EXCIUSIVE OPHIONS .....ueeiiieiiiiiiiiiee e e ettt e e e e ettt e e e e e ettt e e e e s s sntbaeeeeeeeaaansbbaeeaeaeesaassnnneeeaaesaanes 41

(O] [T aro] Y o] o] [ ToF= i o o RO PR P PP PPPPRPPP 42
Default ChannNEl OPtIONS .........uuiiiiee ittt e e e e et e e e eeeaasstbaeeeaeeeeassbbareeaeeesaasssnneaaeeesaanes 42
Channel OPLIoN TaDIE ...ttt e e e e ettt e e e e e s e bbb et e e e e e e e nnbbeeeeaeeeeannenees 43
[T A O B0 o T=To 111 1= 47
SCNEAUIE CONCEPLS ..coiiiiiiiiiiieeeeeeee et a7
WAL Gr8 SCREAUIBS? ....eeeeeeeeeeie ettt ettt e e e e et te e e e e e e e eaa it e e e e e e ee s bbb aeeeesesssbanaaeeeseenssans 47
1ol =T o (U] [ S] Y = PP P PP PP PR OPPPPN a7
UM-0085-B11E DT80 Range User Manual Page 5

RGJIKLIW



TYPES OFf SCREUUIES ...eeeiee e e e e e e e e eeeanes 50

General-Purpose RePOrt SCREAUIES ...t e e e e et e e e e e e e eneeeeas 50
ImMmediate REPOIt SCREAUIES ...ttt e et e e e e e sttt e e e e e e s aannaeneeaaaeeanns 55
Statistical REPOIT SCREAUIES .......cooiiiiiiiie et e e e st e e eaeeee s sanee 56
WOrking With SCREAUIES .....coeiieiii e 57
Entering Schedules into the DT80 (BEGINT END) ......ccoooiuiiiiiiie ettt e e e e s esvanne e e e e e 57
Triggering and SChEAUIE OFUET ...........eiiiiiiii ettt e e st e e e e 57
[ofaF: Vg To [ To I WS Tt (=To L] =T W d o o =Y ST PPPPR PP 58
Halting & ReSUMING SCREAUIES...........ooiiiiiie e e e 58
Executing Commands iN SChEAUIES..........c.ccoiiiiiiiiee e e e e e e e e e e e e e s s s areeaaeesaaaes 58

Time Triggers 8 Synchronizing to MidNIgNT .........ocueiiiiii e 59
Part DT JODS oo 60
LT = R 3= TN o o I PSRRI 60
S0 1] T T = TN Lo o PR RT I RSOPUPRRR 60
Loading an EXIStNG JOD ...t e e e e e e — e e e e e s e e aaaeeaaaaas 61

8 Lo] o IS 10T (1 = U PRTRT 61

I [0 o J @0 491 0 =T g To £ PSSO 62

11 7= L4 (1] 0N Lo] o RSP 63
(OIS = 1 Lo o SRR 63

Part ET Manipulating Data...........ccccoeiiiiiiiiiiiic e 64
Yo = 111 0T PSSP 64
[ gF= T T 1= I - Vo (o | PP PRRR S 64

ST o L= LR (] 1) I PP 64
POIYNOMIAIS (YN ettt e s bt e e bt e e e bt e e ek et e e as b b e e e e b b e e e s nnn e e e e anbreeena 65
ALl (o g Tor=1 1 o N (LI T PSPPI 65

[La T FY ol W g T i o T o S (o) PP EPPUOTUPRRR 66
[ofo] a0 o] TalTaTe IS Ter=1 1T gl IO o i o] o LSS 66

(01 oL U] =1 4 o 1 1 SRR 66
Channel VariableS (NCV) ...ttt e e e et e e e e e e e e bbbt e e e e e e e bt be e e e e e e e e nnnenees 66
Calculation ONIY CRANNEIS .........iiiiii e et rb e e s e e e st e e e nre e e s aanes 68
REFEIENCE CHANNEIS ...ttt e e e e ettt e e e e e s s bbbt et e e e e e s asbbeeeeeeeesanns 68
EXPIESSIONS ...ttt ettt ekttt e ekttt e e Rt e e R b e e e bt e e e R et e e R bt e e e b e e e e n e e e e anrreeeaa 69
RUNNING AVEIAGE ....eeeeeiieeeeeiiitee it e e e e ettt e e e e e e s ekttt e e ae e e e s saeeeeeeaeeaaasnsts et eaaeeaasnsbaeeaeaeeea s nsbaeeaeaeeeansssnneeaeaesannns 73
Derived QUANTITIES ..u.iiiiiiiiiee ettt e e e e e et e e e e e et e e e e e aaan s 74
RALES AN INTEGTAIS .....eiiiei ittt e e ettt e e e e e e ettt e e e e e e s ntbbeeeaaeees s ntbeeeeeaeesaassnnneeaaaesaanes 74

[=To (o T T 40110V FO PP PP PPPP R TOPPPPPPRPTN 74
Statistical Channel OPtIONS........oiiiiiiiiiiieeeeeee e 75
OVBIVIBW ..ottt ettt oottt oo+ 44k b b ettt e+ 444 a kbt ettt a2 4o e e a e b b et e e e o244 a kb e e e e e e e e e e e n b bbb et e e e e e e nnbbbeeeeaeeeennnbnees 75
SEAtISHCAI FUNCLIONS ...ttt ettt e e e e e ettt e e e e e e s e bbbt e e e e e e s e snbtb e e e e e e e s e nssbaeeeaeeesannsneees 76
Multi Value Statistical OpPtiONS......ccoooiiiiiiiiie e 77
HIStOGram (HX:YiM.NCV) oottt et et e e et e e s b e e e e s bt e e eb e e e e s nnn e e e e anbreeeaa 77
RAINTIOW CYCIE COUNTING ...ttt ettt e e e e ettt e e e e e e e ab b b et e e e e e e s anbbe e e e e e e e e anbbeeeeeaeesanns 78

Part FT  AIQIMS o 81
ALBITIN GO C P -t 81
ALArmM COMMEANTS ..eiiieee et e e e e e e ettt e e e e e e e e eeeenannnn s 81
F Y=V 0T 10 0 o1 USSP PRRRR P 82

Y=g 0l @70 o [1 o] o [T O PP PPTPTP 82

Alarm Digital ACtION ChANNEIS........couiiiiiiie et st e e st e e e e e 84
UM-0085-B11E DT80 Range User Manual Page 6

RGJIKLIW



P F= U It o] T I T 84

Alarm COMMUNICALION ACLIONS .......ueiiiiiiiie ittt re e esbe e st e s b e nbeeenre e nneas 86

ALGITIN ACLION PIOCESSES ... .etiieiie ettt ettt et e e e e ettt et e e e e e s atee e et e e e e aanebeeeeaaeeeaansbseeaeaeeesantbneeaeaeeaaannnnees 87
ALBITIN RECOIUS ... ittt annnnes 91
Real TIMeE ALGIM RETUIN ... ettt e et e e e e e e e sttt e e e e e e s nebaeeeeaeaeaannbbseeeaaeesaansnnneeaaaeeaanns 91

[ To o 1o A F= T 1 F PR OOPPRPRR 91
PolliNG Alarm INPULS ... e e e e e e e e e e eaaa s 92
Part G Logging and Retrieving Data .........ccccoovvvviiiiiiiiiiiiiiccieeeeei 93
LOGOING DALA ..o 93
Enabling and Disabling Data LOGGING .......c.uvteiirriieiiiiee ittt e et e e nnneeeaannnee e 93

How Data and AlSrmS @re STOTEU..........uuiiiiii ettt e ettt e e e e e e et et e e e e e e e e s sbaeeeaaeeesasnnnneeaaaeaaanns 93

(oo o1 lo @] o] i o] 3 1= PP OOPPPRPP 95
Factors Which May Prevent LOGGING ......coovuieiiriiaiiiiee et eeieee et e sttt e e e e s s e e s ssneeesnnneeeaannneeenas 95
ChecCKiNg LOGOING STATUS ....eiiieiiiiiiiiiie ettt e e e e et e e e e e e s et b e e e e e e e s et b bbb e e e eaeseasastbaeeeaeesssnsseees 96
Retrieving LOgged Data.........ccoooeeieiieeeeeeeeeeeeeeeeeeee e 97
OVEBIVIBW ...ttt ettt ettt e ekt h ekt h ekt e ke 44k bt ekt e ke e b bt 41kt e b st e e b et e b et e e b e e e be e e s be e e nbb e e naneennne e 97

LISTD T LiSt AVAIADIE DALA ......eeiieeiiiiiiiiieeie ettt ettt e e e e ettt e e e e e e s aebe e e e e e e e e s snsbaaeeeeaeesaassanneeeaaesaanes 97
COPYD T UNIOGA DALA ......eeeeueeieiieeit ettt ettt etttk ekttt bttt ettt e e bttt e nbe e beeenne e eees 100

DELD - Delete LOGUEU DALA ....cccuvvvieiiieeeiiiiiee ettt ettt ettt et et e e et e e e 110

27 Tod (o] {18 {aTo I @2o] 1111 4= Vo LS PR 111

(0] 010] =] (= ] 0] . =T [0 LSOO UPRRR 112

THe DT80 File SYSTEIM ...uuiiiiiiiiiiiiiiiiiiiiiiiiibiiibibieb bbb anenbannsnnnnnnnne 113
INEINAL FIlE SYSTEIM (BX)..etiiiiiiieiiiit ettt et et e et et e e st e e s e e e st e e e nane e e e s nreees 113
EXIEINAI USB DEVICES (L) c.uutetiiiuiiite ittt ettt ettt ettt et e bttt e e st e e st e e et et e s st e e e s bt e e e asbr e e e nanneeennreees 113

FIIE COMMEANTS ...ttt b e b e bt e b et e bt e b et e be e e ket ebe e e sbeeenne e e nbeeenere e 115

DALA RECOVEIY ...ttt e e et e e e e e ettt e e e e e et e et e e e e e s et nr e e e e e e e e aasnnnneeeeeenaans 115

Part Hi DT80 Front Panel .......ccoooiiiiiiiiiiiii e 117
DS PIAY e e a e e e 117
Displaying Channels and ALGIMS .........eeeeiiiiie et e e e e st e e s e e e s nneees 117

27 L €= o] o [T PP EPPUPPPPPPPPT 118
Controlling what is ShOWn 0N the dISPIAY ........vviiiiiiiei e e 118

F U (o BTt (o] |1 o IO PP UTP R PUUPPPPPPPTN 119
AULO-BCKNOWIBUGE. ...ttt e e et e e e bt e e b et e e as bt e e abb et e s nnbreeeanbneeenas 119
POP-UD MESSAGES ...t 119

L1 =T = T 1)Y= IS Yot (1= o LU EPP USSR 119
DI o] Fo NV =TTt ([T | o | OO UPPTUPPPPPPPPTN 119

User Defined FUNCTIONS ....uuuiiie et e e e e e e et e e e e e e 120
DEfiNING FUNCLIONS .....oiiiiiiiii ettt e e e ettt e e e e e s bbbttt e e e e e e s sbb b b e e e e e e e aanbntbeeaeeeeaans 120
SEIECHNG FUNCHIONS.....ceeiite ettt ettt e s st e ekt e e e e e e s b e e e e nb et e e e et e e sbr e e e aanne e e e nanee 120
DEfAUIT FUNCLIONS ...ttt e e e e sttt e e e e e sttt e e e e e e s et bbaeeeeeeessassbeeeeaaeesaansnteeeaaaeeannns 120
Keypad OPEIratioN ..ccoe e 121
SPECIAl KBY SEQUENCES .....eeiiiuiiiieiit ittt ettt ettt e ettt e e e bt e e s b b e e e bttt e e sab et e e s nbb e e e eanbeeeenanee 121
Status INdicator LIgNTS ... 121
SE= Tl o] (=T aTo (o= (o] T O PP PP RPUPPON 121

D1 S [T [ Tot= 1 o TP PEPPUPPPPPRRPT 121

01V =Y N VaTo [ o7= (o] OO PEPU R UPUPPRPR 121

F N1 g I gL [ToF= o] PP PTUT R UUPPPPRPPT 121
UM-0085-B11E DT80 Range User Manual Page 7

RGJIKLIW



= L O T T o = 123
T L o | TP UP PP PPR PP 123

JEX VS. ClasSiC WED INEITACE ........ccuiiiiieiii ittt 123
Connecting t0 the Weh INtEIACE.........oooi i e e e e 123

OEX HOME PAYE ..ttt ettt et e ekt e et e e s Rt e e st e e e e e e s b e e e s anne e e e e 123

S L] o Jo | PR PEPRR PP 124
BrOWSEI REGUITEIMEINES. ... ettt ittt ettt ettt b e bt b et e b et et et e b et et et e nbb e e sbneenbb e e nineeneneen 125

Back to the Main MENU (HOIME) .......coiiiiiiiiiie ettt et e e e et e e e e e s nreees 125

dEX Configuration BUIAEr .......cooeiiiiiiii e 125
(7] a1To 8T C=IN 1 0T (o o =T U UPRRP 125

ADOUL CONFIGUIALIONS. ...ttt e e et e e e e e e et e e e e e e e et baeeeeeeeessastbseeeaeeesaassnsreeeeeesaanes 125

Using the Configuration BUIIAET ..........ooieiiiiiiie ettt e ettt e e e e e e et e e e e e e e e e nneaeeeaaeas 125
DEfiNING SCNEAUIES ....ceieeeieee e e e e e e e e e e e s et e e e e e e e s eeabereeeeeeseeantreeeeeesaaaes 127
DefiNING CRANNEIS ... ettt e e e ettt e e e e e e e sttt eeaeeeesastbeseeeaeesaannnneeeaaaeeaanns 129
(€1 (o] o F=URST= 111 o =T USSP PPPPP P 135
Managing CONfIGUIBLIONS ........eiiiiiiieiitiee ettt ettt e s e e et et e e asn et e e s b e e e e e asn et e e nanneeennreees 142
(oo o =T g @] a1 7] =S EPRRUPURUPRTRT 143
Preventing Configuration ChaNGES ..........cuiiiiiiii ettt 143

(0] =) QY =T o N LT o = Vo = PR 144
USING the WED INEEITACE. .....ci ettt e e sttt e e st e e e st e e snteeeennnee 144

SEALUS SCIEEINS.....eeiiiiiiitt ettt e et e e e oottt e e e e st e e et e e e e e e s e e e e e e e e snr e et e e e e e e antrr et e e eeeesnasnnnees 145

DAt RELMEVAL .......ueeiiiii ittt b ekt b e b et bbb et e b et e b et e bt e bt e b e e 147
Displaying Real-Time MEASUIEIMENLS .........uvtiiiiiiieiiiiee ettt e ettt et e et e et e e s st e e s snneeesnreees 149
COMMANT WINOOW......ceueiiiitieiit ettt etttk e bt be e bt e bt e bt et e ek et esbe e e bt e nbe e e beeenbeeenteas 156

[ L= o TP PP PP P PP P OUPPPR PP 157
Customising the Web Interface........ccooovoeeiiiiiiiiiii e 158
(O Y= 1= SO PRRP 158

The Web Interface Configuration TOO ..........oiiiiiiiiiiiei et e e e s eeeanraeeeen 158
Preventing Configuration CRANGES ........ooiiiiiiiiiiie ettt e et e e st e s e e e s nreees 161
Enabling dEX User Level AUTNENTICALION...........cuiiiiiiie ittt e e 161

OEX LABNGQUAGES ...ttt ee ettt ettt ettt ettt ettt e ek et e e e st e o4 st e e ek et e e aa et e e e s b b e e e e nb et e e s et e e s b e e e e nne e e e nnnes 164
ClasSIiC WED INTEITACE ...uuueii e e e e e e 165
BrOWSET REQUITEIMEINTS. .....ieieiiiee ettt ettt e e e ettt e e e e e s bbbttt e e e e e e e ab b b et e e e e e e e aabbbbbeeeeeesaanbnteeeeeeeaanns 165
Navigating the WeD INTEITACE .........oii et 165

HOIMIE Pag e . 165
CRANNEIS PAJE ...ttt e e bt e e e et e e e bt e e e b b et e e e e e s e e 166
SEALUS PAGE ..o 166

[T o= Vo [ TP TP PP PR OUPPPR PRI 167

[ (=T oI = o TP RPPTPPPPPPPPT 167
Customising the ClassiC INterface........ccccccvvvviiiiiiiiiiiiiiiiieeee 168
Web Application Programming INTErface (API)......coooo it e e 168
Server-Side INCIUAE (SSI) DIFECHIVES ........uiiiiiiiieiiieee et e e s e s 168
BUilding A CUSIOM WED PAJE .......oiiiiiiieeiiee et e e e 171
Part J7  Modbus INterface .......oooovvveiiiiiiiii e 173
F Y o Jo 0 1Y, (oo | U P PTUT R RUOPPPPRPPT 173
Connecting t0 & MOADUS NETWOIK ......ccoiuviiiiiiiiieiiieee ettt e e e e 173
MOADUS REGISTEIS ...ttt ettt e e e e e e bbbttt e e e e e s et bbbt e e e e e e e s nbbbeeeeeeeeaannntneeeaaeeaanns 174
PULEING 18 A6 TOGENE ...t e bt e bt e e st e e e st e e e e nneees 177
Part KT COmMMUNICALIONS .....uuuiiiiiiiiiii et e e 180
OVEBIVIBW ..ttt e e e ettt ettt e e e e e e e et et tbb e e e e e e e e e eebbbaaneeeeaaas 180
LY=o = OO PPEUP 180
UM-0085-B11E DT80 Range User Manual Page 8

RGJIKLIW



(0] (oo ] £ PR 180

L 01T (o= U = O PEPRUPPRPR 181

About the CoOMMUNICAIONS DIAGIAMN. ......eiiiiiiiiiiieee ettt e e e e e e et e e e e e e s e s e teeeeeaeeaaasbeeeeeaeeeaaasnnneeeaaaasaanns 181

The Command INTEIrfaCE ......covveiiiii e e e e e eaeaes 184
Connecting to the Command INTEIACE. ...........eiiii et e e e e e 184
Command INterface OPEIALION .........ueiiii i i it e et e e e e e e e s e e e e e e s e e bt a e e e e e e s e saatbraaeeaeeesanarnees 184
DEteCtiNg DT8O PrESENCE .....uuiiiiiieiiictiiiee e e et ee ettt e e e e e e e e e e e e s st e e e e e e e e s atbaaaeaaeeesasabeeeeaeeesaasstneeeeeesanaes 184
PasSSWOIA ProtECHON ... . 184

L] = T o ] S 185
ConfigUING the USB POMT.....ccciiiiiiiiiee ettt e e e s e e 185

ADOUL DEUSD ...ttt et e e ettt e s b bt e e e et br e e e e be e e nna e e e e antneeeaa 185
1aIS] = T o T I {0 o PP EPUUPUPPPRTRT 186

(0L To (0 £ o PRSPPSO 189

USB Direct Serial MOUE ........coooiiiiiiieeee 190

Y [=1=] o1 1Y, [o o L= PR P EEPRR PP 191
RS-232 COMMUNICALIONS ....ciiiiie e e e e s 191
(D (ol R S T e YA @e o] 1= i o o O TP TPPRPI 191
RS-232 FIOW CONIOL.. ..o 191

IS (=TT oI 1Yo o = PSR 192
HOST RS-232 POl .. e e e e an e e eaneees 193
Configuring the HOSE RS-232 POIT........couiiiiiiiii ettt a e 193
Serial SENSOT POIT ... 194
Connecting to the Serial SENSOT POIt..........iiiiiiiie et e e e e e st e e e e e e s enneeees 195
Configuring the Serial SENSOT POI........iuiii et e et e e e st e e e e nnteee e enees 196
Q=T g = L1V [0 o =T o 198
Modem (RemMOtE) RS 232 CONMNECLON ....couviieiiiiiieeiiiee et ee e et e ettt e st e e ettt e e e s e e e tb e e e e anteeeesnneeaeanneeas 198
P01 (o] gaF= Lol ToTo [=Y g g T I LY (Yo o o T 198

(D CT0 T (o Y [oT =T o g T = o] = PSR 198
MOAEM INIHIAISALION ... 199
Powering the DT.8.0.0.8...MO.O &M 201
Modem CommuNICAtIONS OPEIALION........ccoiurieiiiiiie it e ettt e e e e sttt e et e e e st et e s snnneeesnneees 201
Setting Up @ REMOIE CONNECLION.......oiiiiiiiiiie ettt e e e e e e bbb e e e e e s e nb b e e e e e e e s e e nnebeeeaeens 202
Part LT Network CommuniCatiONS ........ovviiiiiiiiiiceeeeeeeeee e 203
IO A N O T o1 =T o1 £ TR 203
Y o o1 | IO = | PSPPSRI 203

Y oYL LA I TET S Y=Y o1 1o o T 203

IO AL oo T g LY (] £ 204
INtegrated MOGEM .......cooiie e e e e e e e e e e e e e e 205
MODIIE PIANS ... ————— 206
(1= g [o RS =T (=T o H T PP P PP PPPUPTTRP 208
Configuring the Integrated MOOEM ..........uiiiiiiii e a e 209
Verifying MOAEM OPEIALION .......ceiiiiiiiiiiee ettt e e e et e e e e e e e bbbttt e e e e e s aabbaeeeeeeeesaasbntreeeaeesaanns 213
Troubleshooting and Advanced CONfIGUIALION ...........uiiiiiiiiiiii et 215
CoOMMUNICALIONS SESSIONS ..uuiiiiiiiie e e e e e e aaa e aeens 220
YTt (o] I T4 11T o o [T PP PP P RPTOUPPN 220

= o gl T Lo |11 aTo TP PEPTUPUPPPRPRT 222
SESSION DIAGNOSTICS ....eeeiittee ettt ettt ettt ettt et e et e e st e e s hb e e e ekt et e e e a b et e e aabb e e e e ab et e e anbe e e e s bb e e e e nbe e e e 225

B O Nt S S ONS ... i ———————— 227
Ethernet CommUNICAtIONS........coiiiiiii e e 229
Connecting to the DT80 EtherNet POIt.......coouuiiiiiiie e 229
Ethernet COmMMANAS ......cocooi i 230
UM-0085-B11E DT80 Range User Manual Page 9

RGJIKLIW



HOW 0 SEL UP BEINEINEL.... .ttt e e e e e ettt e e e e e e et e e e e e e e e eannnteeeaaaeeanns 232

Accessing the DT80 VIa the INTEINET .......iiii i e e e e e e e e e e e e s et arreeaaeesaaaes 235
WIFI COMMUNICAIONS L.ivniiiiiiiiie et e e e e e e e e e e e e e e e e an e eaas 238
R TAT A LT (=T = (o =
WiFi Commands
Setting UP WIFi CONNMECTION. ... ..uuiiiiii ettt e e e e et e e e e e e et e e e e e e s et a e e e e e e e s e tbbareeeeeeseaaataeeeeeeeaasnnsreeeeaens 242
PPP COMMUNICAIONS ..uuiiiitiiii ettt e e e e e s e e e e e e st e s eaae e e saa e e eaaeees 244
7Y oY1 1 A = = =, 244
Y 111 Vo U] oI o o = PR EEPR RSO 244
[ LS T N = = TS EPR R UPPPR 250
N[y ATV o] RS 1= VA Lo =R 251
Using the Network Command INTEITACE ..........cooiiiiiiiiiie e e ee e e 251
USING the DTBO FTP SEIVET ... ..uiiiiiii e ittt ettt et e e e e e s ettt e e e e e e s e tb b b r e e e e e e s e aaabreeeeeeseasnsrreeaeaens 252
S TCTod UL | PP PPPPPPPPPP 254
2 T (oY= T ol U] 1 YO EPP PSRRI 254
AEX SBCUIEY ..uttiiieii e e ettt e e e e ettt e e e e e et b e et e e e e e e s e tbaebeeeee e s e saebaeeeeeeeeasasbaeaeeeesesnasbbaseaaeeesansnnees 255
Part MT Configuration ........coooiiiiiiiiie e 256
Configuring the DT80......uuii i e e e e e e 256
o= U= 1= (=] £SO 256
SWIICNES .. 258
0111 (I ST= 1 1] o O PEPR PRSPPI 260
Command Server TIMEOUL PrOfil ... ....uuuieeiiiieiiiiiiiiiiieeirereiiteseereereeraeeeeesrrrrerarer—r———rerre———————————————————.—.—.————... 265
SettiNg the SYSIEIM TIME ..eeiiiii ittt e e e e e e ettt e e e e e e e attaeeeeaeessastbateaaeeesannneees 265
Automatic Time AdJUSTMENT (NTP) ... e e e e e e e e e e s stb b eeaeeessseaneeeeaaeeaanes 266
ReSEtting the DT8O......ccoiiiiiiii e e e e e e 269
ST R ST TR 269
[ P2 10 LYY= 269
ST I (oo [ TR 270
[T (0] VST ] T [ PR 270
DIiagnOStiC COMMANTS ..o 271
TEST COMMANG ...ttt ettt e e e e e e e et e e e e e e e e ettt e eeeeeeaaat s aeeesesasaan s eeeesessaannaeeesessstannaeeesesnsrans 271
AT o o T PO PP PEPT T UPPPPPRTRT 272
STATUS COMMEANG ...utiiiiiiiiiie ettt e e e e et e e e e e e e e e et aeeeeeeeettaa e eeeeeesataaaaeesssssatanaeeseserssnnnsnns 272
CHARAC COMMANG ...ttt e e e e e e et e e e e e e e e e et e e eeeeesa s et eeeaeeessaaaaeeeeessssanseeesessssansnsaeereens 273
SERVICEDATA COMMANG .....ccoeeeieieeeeeeeeeeeeeeeeeeeeeeeeeeee e 273
Part NT HardwWare & POWEN ......oueieieiiiieie ettt e e 274
INPULS @Nd OULTPULS ..o 274
WIFING PANEL...... ettt e e e e ettt e e e e e e ab b bttt e e e e e s abbb e et e e e e e e anbbneneeeeeeeanns 274
oYL S To [l o= T T TR PP 275
Right Side Panel (DTBXM ONIY) ..ottt ettt e e e e e et e e e e e e e asnneeeeeeeeeaaes 276
Right Side Panel (DTBXW ONIY) ...coiiiiiiieiieeeiiitee ettt e e e e e skttt e e e e e e et bbb e e e e e e s asbnteeeeeeeeanes 276
L 0] LA =T 1= TR 276
Rear Panel (DTBXG ONIY) ...ttt e e e e e ekttt e e e e e st bttt e e e e e e s anbbbbeeeeeeeeaannbtneeeeaeaanns 276
LEST o KT A LT I = T 277
Accessing the main battery (if fitted) .........oooo e 277
Accessing the lithium memory backup DAttery ... 278
LSS = 11 =1 oY o T 280
D (ST A IST (o] T 280
OPerating ENVIFONMENT .......cooiiiiiiiiiii ettt ettt e e e e e st b ettt e e e e e s e s bbb et e e e e e s aassbbaeeeeaeeeaannbbeeeeaeeesannnnees 280
UM-0085-B11E DT80 Range User Manual Page 10

RGJIKLIW



(1007 0o [T To [P PUURTPT 281

POWETING the DT80 ... e e e e e e e e e e e e e e e e e eeeaananes 281
POWET SUDSYSIEIM ...ttt oottt e e e e e ekttt e e e e e e e b bttt eaeaeesaannbeeeeaaeeeaannnnneeaaaaeaann 281
EXEEINAI POWET ...ttt b e bt b e bt e b ettt et et e b et e s be e e be e e sbeeenbeeenbneeneneen 282
INEEINAL POWET ...ttt e e et e e s et e e s bt e e e b et e e nb e e e ss b e e e e ab e e e e e e e e s nreees 283
(Lo =T G @ 111 11 £ T 285
(oA E- I @ U o | PP PSRRI 286
Internal Memory-Backup BattErY ...........coeiiiiiiiiiiii ettt a e e s 286
MONIOFING DT8O POWET ... ..eiviiiiiee e ettt e e e ettt e e e e e et e e e e e e et e e e e e e e s atbaaeeeaee e s s saasaeeaeeesaasntneeeeeesaanes 287

POWEr CONSUMPTION .o 287
POWET CONSUMPLION ...ttt ettt ettt ettt b e e b et e be e e bt e e be e e be e e sbn e e nbb e e sbneenbr e e nineeneneen 287
LT Y I (PSP TP UP PP 292
MiniMISing POWET CONSUMIPLION .......viiiiiitiiiiee ettt ettt ettt b et et bt e st e e nbr e sineenene e 293

SIEEP MO ..t 295
PN oJo 10 S [=T=T o TN 1Y oo =T PP PPPPR 295
WWBKE EVENTS ...ttt ettt e et ekt e e e et e e ek et e e s b e e e e as b e e e e e e e e e e e e e e 295
[0fe] a1 (o] [ TaTe IS [1=T o JS TSP PPPUPP 295
FOICEA SIEEP IMOUE ...ttt ettt et e e st e e et et e e s e e e s b e e e e nbr e e e nn e e e e s nree s 296

Part OT7 Sensors & Channels ... 297

F g1 Lo o IO =T oY g 1= USRS 297
About the ANAlog INPUL TEIMINAIS .......ooiiiiiie et e e 297
RV 0] = Vo 1= 2 PRSPPI 298
(O (=T o | PP PP 301
AT 20MA CUITENE LOOPS ...ttt e ettt e e et e e e e e sttt e e e s e et e e e e e e e e et e e e e e s tnnne e e e e e e e esrnnneeeeeeenanns 303
RESISTAINCE ...ttt b e bt e bbbt e b et e bt b et bbb et e bt bt bt e enar e 303
2] g0 o[ P TP TSP PP OUPPPPPRI 306
Temperature T THEIMMOCOUPIES ......couuiiiiiiiie ettt st e e e sn b e e e abee e e s nnneeeeanrneeeaas 310
TeMPErAtUIrE T THEIMMISIONS. ..cciiiiiieiiiit ettt e e e e e ss bt e e e e e s anne e e e anbneeeaa 312
TEMPEIATUIE T RTDS ..ttt ettt e oo ettt e e e e e e b et ettt e e e e e s ab b e et e e e e e e s anbbbeeeeeeeaansbnbreeeeeeeaanns 314
Temperature T AD590 SEIMES IC SENSOIS ....cciuriieiiiiiei ittt ettt e e st e e st e eeabneeeaa 314
Temperature T LM35 SeriES IC SENSOIS.....ciiuiiiiiiiieei ittt ettt e e ettt e e e e e e et e e e e e e s eaenrreeeeeeeaanns 316
Temperature T LML135 SEriES IC SENSOIS ....cciiuiiiiiiieieiiiite ettt ettt et et e e s s aa 317
L [0 a1 o (1Y T=T 0 o] £ TSP P PP TPPPPPPPPTN 318
Fr B QUEBINICY .. 318
Srain GaAUGES T BIIOGE ... .eeiiiiiii ittt e s b e e et e e s e e e st e e s anne e e 319
Strain Gauges T ViIDIrating WilG........oo oottt e e e e s e e e e e e enebeeee e s 320
Strain GaugeS T CarlSON MELET.........eviiiiiie ettt e st s st e e s b e e e s aene e 322

Digital ChannelS ... e 326
About the Digital I/O ChanNEIS .........c.uiiiiiiiie et sb e e s s e e 326
D] To 11 o] o 10 PO PPPPUPPPPPPPPTN 327
DiIGITAI OULPULS .ottt ettt et et e e ekt e ek et e e s s bt e e e bt e e e s et e e sa bt e e abb et e e nnnn e e e s nree s 328
[O70]8] g1 (=1 (=30 I W0 1LV o 1=T=T o FO PP O PP PPPPPTTRP 332
COoUNLEIS T HIGN SPEEA.......eeiiiiiii ettt e st e e e st e e s anne e e 333
PRASE ENCOUETS.......ooiiiiiii ittt et e e s e e 335
Examples T Digital 8N COUNLEIS .........uiiiiiiiie ittt ettt et e e st e s a e eneeas 336

Y B I 4 o = T a1 = O 337
ABDOUL SDI-12 ..ottt et a e a b1 h bt e e a bt oo e bt e e e bt e e a b e ea bt Rt ena bRt enab e nn e 337
Testing and Configuring an SDI-12 DEVICE ........uiiiiuiiieiiiiee ettt e e s 338
Reading Data from SDI-12 DEVICES .......eeiiieiiiiiiiiiiie e e ettt e e e e e ettt e e e e e s et b beeeaae e e s abbbeeeeaeeesansbnteeeaeeeaaaans 338
= 1001 o] L= TSP TP OUPPPPII 340
(©1 g 1] g Ofo] g IS1To [T 7= 14610 PSR PT R PTPR 341
(o101 o] (=] g oo ] o HE O TP PP PP OUPPPPPRRN 341

UM-0085-B11E DT80 Range User Manual Page 11

RGJIKLIW



Generic Serial ChanNel .. ..o e 343

Connecting to and Configuring the Serial POt .............eiiiiii e 343

Serial Channel COMMANDS .......couiiiiiiiiiie ettt e e b e nne e e 343

Serial ChanNEl OPEIALION ......ccuuiiiiieeee et s et e et e e e e e s nre e e sanne e e nanes 344
Control StriNG T OULPUL ACHIONS.......uiiiiie it e et e e e e e e e s e e e e e e e s e st a e e e e e e s e saasbreaeeaeeesansrnees 346
Control StriNG T INPUE ACLIONS .......viiiiiiee e s e e e e s e e e e e e s e st e e e e e e s e snatbbaaeeaeeesanarnees 348
COoNtrol SEHNG T EXAMPIE ...eeeiiieiie ettt e e e e e ettt et e e e e e e s et ee e e e e e e e e anneteeeeaaeeeaannebeeeaaeeesannnees 350
SCREAUIES ... ettt ettt e ettt st 350

Serial SENSOr DIFECT MO ..ottt e e e e e et e e e e e e e e neta et e e e e e e s annebeeeaaeeeeannnnnes 351

Serial INterface POWET CONIION .......co.iiiiiiiiii ettt 352

Serial Channel DebUGQiNg TOOIS .......ccoiiiiiiiiiii e e e e e e 352

Serial Channel EXAMPIES.......ccuiiiiiii ettt e e e e e e s e e e e e e e s e et e e e e e e e eannrraeeaaens 353
MOADUS ChANNEI ... e e e e e e e s 356
ADOUE MOTDUS ... ettt et e e s n e e e s 356
Connecting Serial MOADUS SENSOIS ........uiiiiiiiieiiiei ettt e e anne e 356
Connecting Network MOADUS SENSOIS .........uviiiiieiii ittt e e e e s e e e e e s st r e e e e e e s enareees 357
Reading Data from MOADUS DEVICES.......cciiaiiiiiiiiiiee ettt e e e e ettt e e e e e et e e e e e e s e saeeeeeaeeeaannnaeeaaaaaeaanns 358
MODBUS ChanNEl OPtIONS. ....ccoiuiiiieiiieeeiiiie ettt et e et e e e e st e e ab e e e s aabe e e e asbe e e e aasbr e e s saneeeesnneees 359

BIOCK TTANSTEIS ...ttt b et b et b e bbbt e b et e st e e be e e nbe e e nnr e e nbeeenene e 360
= 1001 o] [T T PP PP P PP OUPPRPPPI 361
L0101 o] (=] s oo 1 1 o ST STPRRTPRN 361
Technical Details & TroubleShOoOtiNg .........uuuuiiiiiiiiiiiiiiiiiiiiiiie 363
DT80 ANAIOG SUD-SYSTEIM......eiiiiiiiieiiiiee ettt e et e ettt e e st e e e e tee e e e anbe e e e srbeeeeaanteeeeenneeaeanneeeas 363
Grounds, Ground LOOPS @nd ISOIALION ..........ueiiiieieiiiiiiee et e e e e e e e st e e e e e e s enneees 367

N0 R Tt (U o T PSRRI 368
Self-HEALING OF SENSOIS .....eeiiiiiii ittt e b et e st e e e e e e st e e e s anne e e s nanes 368
Getting Optimal Speed from YOUI DT8O .....cccuuiiiiiiiieiiiiieeeeiiie et ee e e sttt e e sttt e ettt e e e snte e e e sbeeeessbeeeeanneeeennnes 369
Part PT  The CEM20 ... e e e e s 370
WHAL IS e CEM207? ...ttt ettt h et e s et e e it e e e a bt e eab e e e s bt e sab e e s s beeenbeesnbeeenbeeanes 370
CONNECHING CEM20S ... ..ottt e oo ettt e e e e e e bbbttt e e e e e e sabb b et e e e e e e s ansbbeeeeaeeeeaannneeee 370
CEM20 AGUAIESSES ...ttt ettt ettt e ke e e sttt a4 st e e ek b et e e e s b et e e s b bt e e aanb et e e sab et e e s bb e e e e anne e e e nanes 372
POWEING the CEM20 ...ttt e e e ettt e e e e e s bbbttt e e e e e s e sbbbe e e e e e e e aannntbeeaeeeaanns 372
ACCESSING CEM20 ChaNNEIS......coiiiiiiieiie ettt e et e e e e e s bbbt e e e e e s esbnrreeeeeeeanes 372
CEM20 Temperature REFEIEINCE ........ccoiiiiiiiiii et e e 373

e 10 o112 g oo ] (14T RO UTP T OUPPPPRPPTN 373
Part QT REEIENCE ... 374
DT80 Series SPeCIfiCAtIONS ....cccoeeeeeeeeeeeeeeee e 374
F Y g F= Lo [ o] o 10 €SOO UUP R OUPPPPRPPTN 374

Digital INPULS @NA OULPULS ......eeiiiiiiieiiiie ettt et et e e et et e e e e s e e e e st et e s nanneeesnreeas 375

HIgh SPeed COUNTEI TNPULS .....eeiiiee ittt e et e e e e e sttt e e e e e e st bbb e e e e e e e e aanbntbeeeeeeaaans 376

SEIAI CRAIMNEIS ...ttt e e bt e et e e s b e e e e b b et e e aa et e e s b e e e e e 376

Data Manipulation and LOGGING .......ccuueieiiieiiiiiiiii e ettt e e e e sttt e e e e e s st bt e e e e e e s atbbeeeeeeeeaasbntreeaeeesaanes 377
COMMUNICALION INEEITACES ..ottt e et e et e e st e e e e ene e e e e 377
NELWOTIK (TCP/IP) SEIVICES ....eeeeiieeiiiitiitee e e ettt e e ettt e e e e e e bbbttt e e e e e s e bbb et e e e e e e s e bbbeeeeeaeesaanbntneeeaaesannns 378
531 (] o £ PP PP PP PP PPPPPP PP 379
CEMZ20 SPECITICALIONS ...uiiiiiii e e e e e et e e e eaa e e eens 380
COMMANA SUMMATY .ciiiiiiiiiiiiiiiiiee ettt et et e e e e e e e e e e eeees 381
ASCII-Decimal Table ... 384
UM-0085-B11E DT80 Range User Manual Page 12

RGJIKLIW



IS T = LTSS UPRTPT 387
(1 o] 1= SO UPRTPT 387
Upgrading DT8O FirMWAaAIE........ccciiieiiiiiii e e e et e e e e e e e e e e e e e 389
RecomMmMENdEd PrePAratiON ...........ooiiuiiiiiieee ettt e ettt e e e e e ettt e e e e e e ettt e eae e e s e naseeeeaaeesaannnneeeaaaeaaann 389
Firmware Upgrade 7 USB FIQSh DEVICE ........ccuuiiiiiiii ittt e e e e e e e e e 390
Firmware Upgrade i HOSt USB OF RS232 POI......cocuiiiiiiiieeeiee et 390
Firmware Upgrade T REMOLE TCP/IP ........ccoiiiiieiiee ettt e st e e e e e et e e e e e e s e e aatreeeeeesaaaes 391
Reverting Back t0 Old FIMMWAIE ..........uuiiiiieiiiiiiiii et e e e ettt e e e e e s et e e e e e e e e s asabeeeeaaeeaaennnneeeeaaeaaann 391

IN Case Of FAIEd UPQGIade ........coiiiiiiiiiiii ettt e e e e st e e e e e e s et e e e e e e s e tb e e e e e e e e s eeanaaeeeeeesaaaes 391
Upgrading MOAEM FIFMWATE.........ooiii ittt e et e e e e e e ettt e e e e e e e atbeeeeaaeesaannnteeeeeeaeaannnsaneeaaens 391
ETTON IMESSAGES .. ittt e e et e e et e e et e e et e e ea e e eannaaes 392
StANCAIT MESSAGES ....eeeieteeeeiiii ettt e et e et et e e et e e s s e e e e ek et e e as s et e e s nr e e e e nE et e e an e e e e n e e e nanne e e 392

D=1 = B 4 (0] £ PP T PP 396

DT80 ADNOIMAI RESELS... . .ieieiiiie ettt ettt e e e e ettt e e e e e e ettt e e e eaeeeaansbbeeeeaeeesasabeeeeeaeesaansnnseeaaaesaanns 397
GlOSSANY ittt 398
Safety INTOrMatioN ..........uuiii e 409
[C7=T 01T - | SO UPRRP 409
Models with Internal Lead ACIA BAEIY .........ooiiiuiiiiiiie ittt e et e e et ee s neneeas 409
Models with Integrated Modem/ INtegrated WiFi............oouiiiiiiiiiiieie et 409
O X e 410
UM-0085-B11E DT80 Range User Manual Page 13

RGJIKLIW



Part AT The DT80

Figure 1: The dataTaker DT80, DT80W (left); DT85W, DT85GM, CEM20 (centre), DT82EM, DT82I (right)

DT80 Concepts

What is the DT80?

The dataTaker DT80 range of data acquisition and logging instruments are tools to measure and record a wide variety of
quantities and values in the real world.

The web based dEX graphical user interface makes it quick and easy to define basic measurement tasks. Logged data
can then be easily extracted via a USB "memory stick", or downloaded using the web interface into files ready for import
into spreadsheets and data analysis tools.

The DT80 range of loggers also include a powerful programming language which allows complex systems to be
developed and monitored.

Extensive sensor support and communications options, and a rugged and low-power design, make the DT80 a very
flexible data logger.

The DT80 Product Family
Models

The DT80 product family includes the following models:
1 The DT80 is a full-featured data logger,
1 The DT82E is a low cost, low power logger designed for environmental applications.
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The DT82I is designed for industrial applications.

The DT85 is an expanded and enhanced version of the DT80.

The DT80L and DT85L are low power variants of the DT80 and DT85.

The DT80W and DT85W are WiFi variant of the DT80 and DT85.

The DT80G and DT85G GeoLoggers are designed for Geotechnical applications

The DT80GW and DT85GW are WiFi variant of the DT80G and DT85G.

The DT80GL and DT85GL are low power variants of the DT80G and DT85G.

The DT82EM3, DT80LM3, DT85LM3 and DT85GLM3 contain an inbuilt GSM/EDGE/WCDMA cellular modem.
The DT82EM2, DT80LM2, DT85LM2 and DT85GLM2 contain an inbuilt GSM/EDGE cellular modem.

The CEM20 (Channel Expansion Module) is a 20-channel analog multiplexer which can be used to expand the
number of analog input channels on a DT80 or DT85.

=A =4 =4 -4 4 4 -4 -8 A -4

All of these models operate in a similar way; the differences are mainly to do with the number of input channels and other
hardware features. Table 1 (P16) and
Table 2 (P17) lists the main differences between each model.

Series 1, 2,3 and 4

In January 2008, the original DT80, DT81 and DT85 models were superseded by enhanced Series 2 models. These
offered an all-new web based interface (dEX), additional power outputs, and more flexible analog input switching.

Series 3 models were introduced from October 2010. These supersede Series 2 and include enhanced resistance
measurement options and an isolated switched 5V power output.

Series 4 were launched from February 2017 and include increased voltage and resistance measurement ranges, flexible
12/ 5V power outputs and integrating with DAC converter to produce voltage/ current outputs as well as WiFi connectivity
support.

Along with DT80 Series 4 launch the new CEM20 Series 2 has also been released. In CEM20 Series 2 all mechanical
relays has been replaced by opto-relays. As result all audible noise from the mechanical relay switching was eliminated.

Series 2, 3 and 4 units are clearly labelled as such on the front panel. When a logger model number is displayed, the
series is shown as a suffix, e.g. "DT85L-3" is a Series 3 DT85L.

Geologgers

The DT80G/GL and DT85G/GL "GeolLoggers" are equivalent to the DT80 and DT85, but also include direct support for
vibrating wire strain gauges, which are widely used in geotechnical applications; see Strain Gauges i Vibrating Wire
(P320). Throughout this manual, references to the DT80 and DT85 also refer to the DT80G and DT85G respectively,
unless otherwise noted.

Low Power Models

Most DT80 models include an internal 6V lead acid battery. However the low power "L" and "E" models do not include
an internal battery and are instead optimised for operation with an external battery (often solar charged). Throughout this
manual, references to the DT80 and DT85 also refer to the DT80L and DT85L respectively, unless otherwise noted.

Modem Models

The "M" models (DT82EM, DT80LM, DT85LM, DT85GLM) include an integrated cellular modem, which provides a
convenient wireless solution for control of the DT80 and data retrieval. The "M3" models support 2G and 3G networks
(GSM/ GPRS/ EDGE/ WCDMA), while the "M2" models support 2G only (GSM/ GPRS/ EDGE). Apart from this
difference, the M2 and M3 variants operate identically.

WiFi Models
The "W" models (DT80W, DT80GW, DT85W, DT85GW) include an integrated WiFi interface, which provides a
convenient wireless solution for control of the DT80 and data retrieval. See WiFi Communications (P238).
Channel Expansion Module

The CEM20 is an analog multiplexer designed to work with a DT80 or DT85 Series 2 logger and later revisions. It
provides an easy way to expand the number of input channels. Up to 16 CEM20 modules can be connected to a DT85,
giving a total of 320 input channels. See The CEM20 (P370).

Note: In this manual, the term DT80 (italics) is used to refer to all products (DT80, DT81, DT82 and DT85; Series 1, 2, 3and 4). If a
feature or behaviour is specific to a particular model, this will be made clear in the text.
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Feature

DT82EM2-3
DT82EM3-3
DT80LM2-3
DT80LM3-3
DT80GL-3
DT85G-3
DT85L-3
DT85LM2-3
DT85LM3-3
DT85GL-3
DT85GLM2-3
DT85GLM3-3

discontinued models

Analog input channels 1 516 1 2 2 5 5 1616 2 2 2 2 5 5 5 5 5 5 16 16 16 16 16 16 16 16

- - — "
tFeL:Ir% r'\iﬁ’f;ﬁ;?:&"% él%‘gnﬁ' f{l)(/) Bl . .V VVVVVVVV V VYV V V V V V V V V VYV YV YV VYV
i—xlrrri i;e;;t;?é:e measurements on *#, +# and - - . .V V V V V V V V V V Vv vV V vV
Vibrating wire strain gauge support - - - - - - -V -V - - - - - V- - - vV - VvV - - - V
CEM20 modules supported - - - - - - 5 5 16 16 - - - - 5 5 5 5 5 5 16 16 16 16 16 16 16 16
Digital /0 channels (open-drain outputs) 3 4 4 3 3 4 4 4 4 4 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Digital 1/0 channels (logic outputs / SDI-12) 1 4 4 1 1 4 4 4 4 1 1 1 - 4 4 4 4 4 4 4 4 4 4 4 4 4 4
High speed counter inputs 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 7 4 7 7T 71 4 71 7
Phase encoder inputs 1 2 2 1 - 2 2 2 2 2 - - - 2 2 2 2 2 2 2 3 2 3 3 3 2 3 3
RS232/422/485 communications port - V.V - -V VV V V - - - V.V VvV V V V vV V V V V V V V V
RS232 communications port VvV V.V V VvV V V V V V VvV - - V.V V V - - V.V VvV V - - V- -
USB communications port vV V. V V - V.V V VvV - - - - V.V vV V V V V V V V V V V V
Ethernet port v V.. VvV VvV VvV VvV VVV V V V V V V V V V V V V V V V V V V
Integrated GSM/GPRS/EDGE/WCDMA modem - - - - - - - - -V - - - v - - - - - v - -V
Integrated GSM/GPRS/EDGE modem . - - - - V- - - - - V- - VvV -
USB memory device port vV V.V V. V.V VVV V V V V V V V V V V V V V V V V V V V
Switched 12V power output - - VvV VvV vV vV V V V V V V V V V V V VvV V V V V V VvV V V V
Unswitched external power output - v - - - - - VvV V - - - - - - - - - - V.V V V V V V V
Switched isolated 5V power output - - - - - - - - - -V VvV VvV vV V V V V V V V V V V V V V V
Battery charger for internal/external battery VvV V.V V - V V V V V - - - V.V V - - vV V - - - -
Internal battery (capacity in Ah) 12124012 - 1212 40 40 - - - 12 12 - - - - - 40 40 - - - - - -
Modbus master function - VvVVv - -V V V V V - - - V. VvV VvV vV vV vV vV V V V V V V V V
LCD display & keypad - VvV - VvV VvV VvV V.V V V V V V V vV V V V vV V V V V V V V V
Status LEDs 4 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Classic web interface (HTML) vV V.V VvV V V VYV YV V V V V V V V V V V V V V V V V V V V
dEX Enhanced web interface (Flash) - - - NNV vV VOV VOV VOV V V V.V V V V V V V V V V VvV V V
WiFi Connectivity - - - == .- e e - - - - - - - - - - - - - - - - -
Voltage/ Current Output e - - - - - - - - - - - - - - - - -
Table 1: Feature listing for DT80 data logger Series 3 and older
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Feature

DT82EM3- 4
DT85M3- 4
DT85GM3- 4
DT85GW-4

Current models

Analog input channels 2 2 2 5 5 5 5 5 16 16 16 16 16 16
Fully isolated analog input pairs (+- and *#
ternilinals switched i%de?)en%entl)(/) vV V. V.V VoV VIV VIV VvV VY

-Wi i *H 4+ o
tzemri?] ;F;:;trz;nce measurements on *#, +# and -# V V V V V V V V V v v
Vibrating wire strain gauge support - - - -V - -V -V -V -
CEM20 modules supported - - - 5 5 5 5 5 16 16 16 16 16 16
Digital I/O channels (open-drain outputs) 3 383 4 4 4 4 4 4 4 4 4 4 4 4
Digital 1/0 channels (logic outputs / SDI-12) 1 1 - 4 4 4 4 4 4 4 4 4 4 4
High speed counter inputs 4 4 4 4 4 4 4 4 7 4 7 7 T 4
Phase encoder inputs - - 2 2 2 2 2 2 3 2 3 3 3 2
RS232/422/485 communications port - - V. VvV VvV V V V vV V V V V V
RS232 communications port vV - V VvV v - V V V V V Vv
USB communications port - - - V.V VvV vV VvV VvV VvV V V V V
Ethernet port V V. V V vV VvV V V V V V V V V
Integrated GSM/GPRS/EDGE/WCDMA modem - vV - - - vV - - - - V. Vv - -
Integrated GSM/GPRS/EDGE modem - - - - - - - - - - - - - -
USB memory device port vV V V V vV vV V V V V V V V V
Switched 12V power output V V V vV Vv vV V V V V V V V V
Unswitched external power output - - - - - - - - V.V V V V V
Switched isolated 5V power output - - - - - - - - - - - - - -
Battery charger for internal/external battery - - V. VvV v - V V V V - - V.V
Internal battery (capacity in Ah) - - 12 12 - - 12 - 40 40 - - 40 4.0
Modbus master function - - V. VvV VvV vV vV vV V V V V V V
LCD display & keypad vV VvV vV vV VvV vV VvV V VvV V V V V V
Status LEDs vV V. V vV vV VvV V V V V V V V V
Classic web interface (HTML) vV VvV V vV vV V VvV V vV V V V V V
dEX Enhanced web interface (Flash) vV VvV V V VvV V VvV V VvV V V V V V
WiFi Connectivity - - - vV V - - vV V
Voltage/ Current Output vV VvV V vV VvV V VvV V VvV V V V V V
Table 2: Feature listing for DT80 data logger Series 4
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DT80-Friendly Software

Programming and Configuration

There are three main ways to set up and program the DT80.

1 dEXis aweb based application for programming and monitoring DT80 Series 2/ 3/ 4 data loggers. dEX is built
into the logger (no installation required) and runs in your web browser. It provides a totally graphical interface,
which means that knowledge of the dataTaker programming language is not required. Channels and schedules
are defined simply by clicking on icons and making selections from menus and dialog boxes; dEX will then
generate the required DT80 program and load it onto the logger.

1 Alternatively, commands entered interactively and then sent to the DT80 via one of its comms ports or a TCP/IP
network. This allows full access to the DT80's capabilities. DeTransfer, or the enhanced web interface's
command window, are the best tools for the job here. They both have separate send and receive windows, a
macro facility, and many other useful features. A standard terminal program (e.g. HyperTerminal) can also be
used.

1 Finally, you can develop a DT80 program off-line (e.g. using a text editor), then transfer it to the DT80 using a
USB memory device or send it as a file using DeTransfer.

Viewing Data and Status

Once the DT80 has been set up, there are a number of options for retrieving data and monitoring status:

1 The DT80's inbuilt web interface (dEX) provides a convenient way to access current data values and status
information from any web browser. dEX is available on Series 2, 3 and 4 loggers.

1 A simple HTML-based web interface is also provided on all loggers. This can be customized if required to
provide an application-specific user interface. This interface is designed to operate efficiently on slow
communications networks or on portable devices with a small display screen.

1 DeTransfer can be used to view real-time and logged data in text format.

1 dataTaker I nstrument idasetofanvers and doduraentationEvtich allows dataTaker
data loggers to be incorporated in a LabVIEW environment. LabVIEW is National Instruments' industry-leading
graphical software development environment for measurement and automation applications.

All software is provided on the CD supplied with your DT80, and updates are available from the dataTaker website,
www.datataker.com (Support/ Downloads section).

About This Manual

This manual is intended for all users of the DT80. It describes:
1 How to connect sensors and other devices to the DT80's input and output channels.
1 How to program the DT80 to collect and return data as required.
1 How to manage the data that the DT80 collects.

The main focus of this manual will be on directly programming the DT80 using its command language. However, most of
the concepts discussed here also apply when building programs using tools such as dEX.

A Tour of the DT80's Interfaces

The DT80's interfaces with the outside world are grouped into three main areas: user interface (top), sensor interface
(front) and communications interface (side). See also Inputs and Outputs (P274).

x  User Interface
On the top panel of the DT80 you will find controls which allow the user to interact with the unit during operation 7 without
requiring a host computer:

1 A 2-line LCD display shows status messages, measured values, and a menu of pre-defined functions (not
DT81)

1 Six keypad buttons allow the user to navigate between the various displayed options (not DT81)

1  Four status LEDs are provided i the blue Sample LED flashes each time a measurement is taken, the green
Disk LED indicates internal flash disk activity, and the red Attn LED indicates various warning conditions, and
the green Power LED flashes at 3 second intervals while the logger is powered and not in low "sleep” mode.
The duty cycle of the flash indicates whether the logger is externally powered (long flashes) or running from its
internal battery (short flashes).

Note: Power LED is not present on DT80 Series 1.

1 A USB socket allows connection of a USB memory device, which provides a convenient way to retrieve data
from the DT80 (or load a program onto it).
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x  Sensor Interface

On the sloping front panel of the DT80 there are two rows of terminal blocks i digital channels on the left, analog
channels on the right. The green terminal blocks can be quickly unplugged from the DT80 without unscrewing the sensor
cabling. This interface includes:

1 8 digital input/ output/ counter channels (1Di 8D), 4 of which are SDI-12 compatible (DT82I: 4 channels; DT81/
82E: 4 channels, one of which is SDI-12 compatible)

1 aninput to wake the DT80 from low power "sleep" mode (WK)

1 4 high speed counter inputs (7 on DT85/ 85L Series 3) (1Ci 4C)

1 2 phase encoder inputs, shared with the counter inputs connected) (1PET 2PE) (one phase encoder input on
DT81, none on DT82E, 3 on DT85/ 85L Series 3)

1 a pair of voltage free relay contact outputs (RELAY A and B)

1 ageneral purpose switched 12V 150mA power output (12V) (DT80/ 81/ 82E and DT85 Series 2/3 only)

1 ageneral purpose switched 12V/5V 300mA power output (12V/5V) (DT80/ 82E, DT85 Series 4 only)

1 ageneral purpose current limited (300mA) power output (PWR OUT), which is derived from the external power
input (DT85 only)

1 anisolated switched 5V power output (5V SW) (Series 3 only)

1 anisolated programmable 16-bit voltage and current output (V/I DAC) (Series 4 only)

1 digital / power ground terminals (DGND)

1 an RS232/422/485 compatible serial port (Tx, Rx, RTS and CTS) (not present on DT81/ 82E)

1 anumber of analog input channels (5 channels for DT80, 1 channel for DT81, 16 channels for DT85)

1 an external excitation input (EXT *)

1 isolated analog ground terminals (AGND on DT80/81, EXT# on DT80 Series 2 and DT85)

Note: early production DT80 models only had 4 analog inputs
x Communications/ Power Interface

On the left side panel you have a variety of connectivity options:
1 10-Base-T Ethernet for connection to a host computer or local area network
1  USB for high speed connection to a host computer (not present on DT82)
1 RS232 for connection to host computer or modem (not present on DT8xM)
1

two alternative DC power connectors i a standard plug-pack socket (DC jack) and a 4-pin terminal block (2-pin
for DT82E/ 80L/ 85L)

For more details, see Communications (P180)
x  Wireless Modem Interface (DT8xM only)
On the right side panel are the integrated modem interface:
1  SIM card slot (subscriber identity module)
Y Red status LED
1  Coaxial screw connector for optional "receive diversity" antenna (DT8xM3 only)
1 Coaxial screw connector for main antenna.
A threaded earth point is also available on both left and right side panels. See Grounding (P281).
x  WiFi Interface (DT8xW only)
On the right side panel are the integrated WiFi interface:
1 Coaxial screw connector for main antenna.

A threaded earth point is also available on both left and right side panels. See Grounding (P281).

Getting Started

Power

Powering the DT80 (P281) discusses the ways to provide power to the DT80. The simplest option is to plug in the
supplied AC adaptor.

All DT80 models except the DT82E include an internal 6V lead-acid battery which can power the logger if the main
external supply is interrupted.

Important: The DT80 is shipped with its main internal battery disconnected. We recommend the battery is connected as soon as
practical so that it can charge from the mains adaptor or other external power source. This is achieved by simply plugging the green
power connector, see Powering the DT80 (P281).

UM-0085-B11E DT80 Range User Manual Page 19
RGJIKLIW



Switch On!

When power is connected, you should observe:
1 the LCD backlight switches on (DT80/ 85), and the green Power LED starts flashing
9 abrief clicking sound as the unit performs an initial self-calibration
1 DT80 restarted / Power loss is displayed on the LCD
9 the front panel LEDs flash a few times then the red Attn LED continues to flash.

The DT80 is warning you that its power has been interrupted. Press any of the front panel keys to clear this indication.
The Attn LED should stop flashing and the display should now read: DT80 V9. 20 / No current job . This indicates
that:

9 the version of DT80 firmware in use is "9.20" (this number may vary), and
1 no user program (or "job") has been loaded

The DT80 is now idle and waiting for instructions.

Connecting to a Host Computer

In order to program the DT80, it is generally necessary to connect it to a "host" computer. The easiest option here is to
use the supplied USB cable, or, for the DT82E/82I, the supplied Ethernet cable. Other options are to use a "null-modem"
(cross-over) RS232 cable, or to connect the logger to an Ethernet network. See Communications (P180) for more details
of the different communications options.

Very briefly, connecting the DT80 via USB involves the following steps:

1. |Install the supplied DTUsb driver software. This allows you to access to DT80's network services via a USB
connection.

2. Connect the USB cable between the DT80 and the PC.

3. The Windows "New Hardware Found" wizard will then run automatically (if required) to complete the installation
of the necessary drivers.

4. Your default web browser will then be launched automatically and the dEX home page will be displayed.

To connect to the DT80 using Ethernet:

1. Connect the Ethernet cable between the DT80 and the PC, or between the DT80 and a socket on your
computer's local area network.

2. Use the DT80 keypad to scroll down to the "Ethernet" screen. Check that a valid IP address is displayed, e.g.
169.254.3.202

3. Launch your web browser and type the logger's IP address into the address bar. The dEX home page should
be displayed.
The above is only a brief overview. See USB Port (P185) for detailed, step by step instructions.

As an alternative to the dEX web-based interface, you can also install the supplied DeTransfer software, which can be
used to send the text-based commands described in this manual to the logger. DeTransfer can operate over a direct
RS232/ USB connection or a network connection, and will work with any logger model.

The remainder of this manual will assume you have successfully established a connection between the host PC and the
DT80.

Sending Commands

The DT80 is programmed by sending it textual commands. These commands may be either:
1 Manually entered (using DeTransfer, or the Command screen in dEX), or
1 Generated by the dEX configuration builder, based on details entered using its graphical user interface controls.

Commands are executed by the DT80 only after it receives a carriage-return character (3).
Commands are not case-sensitive; that is, they may be entered using either uppercase or lowercase characters.
In this manual all commands are shown in UPPERCASHResponses from the DT80 are shown like this

After receiving a command, the DT80 will normally echo the command, after converting it to uppercase. After a command
has been processed, the DT80 will normally indicate that it is ready for the next one by transmitting a prompt string,
such as:

DT80>

Note: the DT80 does not echo each character as it is received.

Command echo and the prompt string can be turned off if required using the /e switch command, see Switches (P258).
The maximum length of a command is 1023 characters.

UM-0085-B11E DT80 Range User Manual Page 20
RGJIKLIW



The general categories of commands are:

1

Channel definitions (P32) (e.g. 2TK("Kiln temp",FF4) )i these define what measurements are to be
taken, how they are to be acquired and how the measured values are to be presented.

Schedule definitions (P47) (e.g. RA(DATA:2MB)10S) i these define when a set of measurements are to be
taken and where the results are to be stored

Job management commands (P60) (e.g. BEGIN, ENOQ SHOWPRQGthese allow a set of schedule and
channel definitions to be grouped into a single program, or "job", which can then be treated as a unit.

Data management commands (P93) (e.g. COPYDLISTD) 1 these allow logged data points and alarms to be
retrieved, displayed or deleted.

Configuration commands (P256) (e.g. PROFILE) 1 these allow various aspects of the DT80's operation to be
adjusted to suit particular requirements.

Jobs (sets of commands) are stored in the DT80's internal file system along with the data they generate. Different jobs
can be loaded under manual or program control. In addition, the DT80 can automatically run a particular job every time it
is reset or powered up. See Startup Job (P63).

Getting Help

There are several options for getting help with programming the DT80:

1

The command HELPtopic will display useful summary information on a number of topics. Type HELPby itself
to display a list of available topics. For example, HELP COMMANDIll display a list of DT80 commands.

This user manual, firmware release notes and a list of known issues are automatically installed onto the DT80's
internal file system each time a firmware upgrade is done. In this way you always have access to up-to-date
documentation for the installed firmware version. The easiest way to view these is via the DT80's built-in web
interface.

The dataTaker website (www.datataker.com) contains an extensive database of frequently asked questions,
code examples, sensor information, application notes, video tutorials and an online forum.

Designing Your Data Logging System

Data acquisition and data logging are orderly processes and should be undertaken in a systematic way. In order to
obtain effective information efficiently, do the following:

1
1
1

Identify the quantities to be measured.
Select the sensors, considering measurement range, accuracy, stability, ruggedness and cost.

Select the wiring configuration. For example, resistive sensors can be connected in 2, 3 or 4 wire configuration,
while serial sensors can use different electrical standards (RS232/ RS485 etc.) and data rates.

Determine sensor output scaling, that is, the relationship between sensor output voltage/current/resistance/etc.
and the actual quantity. For many sensor types this calculation is performed automatically by the DT80 i all you
need to do is specify the appropriate channel type.

Determine how data is to be processed, for example statistical functions such as max/min or histograms may be
required.

Decide on the sample frequency 1 don't sample faster than you need to.
Calculate the volume of data to be collected.

Decide on the method of data recovery and archiving T real-time data return or logging or both? Will logged
data be unloaded via a comms port, or collected using a USB memory device, or transmitted to an FTP site?
How often?

Decide on an appropriate communications technology for setup/maintenance and normal operation: RS232,
USB, Ethernet, modem, none?

Consider the power consumpti on, including the use
will the DT806s internal battery provide adequate

The remainder of this manual will help you address these questions and then generate a suitable program for your DT80.
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Measurements

What can the DT80 Measure?
Analog

Using its analog inputs, the DT80 can directly measure the following:
1 DC voltage (30mV, 300mV, 3V, 50V, (30V i Series 3 or older) ranges)
1 DC current (0.3mA, 3mA and 30mA ranges with internal 200 Ohm shunt)
M resistance( 10 q, 100q, 1kq, 10kq (maxi mangesf or Series 3 or ol
1 frequency (0.1 to 450,000 Hz (to 10,000 Hz i Series 3 or older))

Many other quantities can be measured by connecting appropriate sensors which convert a physical quantity into
something that the DT80 can measure.

The DT80 directly supports:
1 4-20mA current loop sensors (0 to 100%)
1 temperature sensors (thermocouples, RTDs, thermistors, IC sensors)
1 bridges and strain gauges
9 vibrating wire strain gauges (DT80G/ 85G only)

This list can be extended by means of user specified scaling calculations.
Digital
The DT806s digital and counter channels allow the measur eme
digital input state (contact closure, CMOS or TTL logic)

1
1 pulse count (32 bit)
1 phase encoder position (32 bit)

Serial

Various fismart sensorso can also be read:
1 SDI-12 (Serial Data Interface i Programmable baud rates) based sensor networks
1 other serial sensor devices with an RS232/ 422/ 485 interface, such as weighing machines, barcode scanners

1 CAN (Controller Area Network) sensors, using the optional dataTaker CANgate CAN to ASCII gateway device.
The use of this product is outside the scope of this manual.

Analog Channels i Introduction

EXT A EXT A
# GND % GND
\ p,

Figure 2: DT80 analog terminals

Input Terminals

The DT80 provides five analog input channels, numbered 1 to 5. Depending on the wiring configuration used, these allow
between 5 and 15 separate voltages to be measured. The DT81 has one analog input channel, allowing 1-3 separate
voltages to be measured, and the DT82E has two (2-6 separate voltage measurements). Finally, the DT85 has 16
analog input channels, allowing 16-48 separate voltage measurements.

Each analog input channel on a DT80 is a 4-wire connection (see Figure 3) that allows voltage, current, resistance and
frequency to be measured. These are the fundamental signals output by most sensors. It is not necessary to use all four
terminals on each channeld two are often adequate.
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The exact function of each terminal varies depending on how the channel is programmed. In general terms:

1 The * ("Excite") terminal can be a voltage input (relative to # terminal), or it can provide sensor excitation (for
example, for resistance measurement) See Sensor Excitation (P24)

1 The + ("Plus") terminal is a voltage input (relative to i or # terminal)
1 Thei ("Minus") terminal is a voltage input (relative to # terminal)

1 The # ("Return”) terminal is normally used as a common or return terminal. It can also be used as a current
input, using the DT80's internal shunt resistor.

| Excite Terminal I

‘\l\ I Negative Terminal |

\I Return Terminal |

Figure 3: Analog input channel terminal labels

Positive Terminal |

Multiplexers

The DT80's analog input channels are multiplexed. The required input terminals are first connected to the input of the
DT80's instrumentation amplifier and analog to digital converter, then a measurement is taken. The next channel to be
sampled is then switched through to the amplifier and ADC, and so on. Simultaneous sampling of analog channels is not
possible.

Channel definition commands in the DT80 program determine which terminals are used for a particular measurement.
For example, the channel definition 1+V measures the voltage between the + and # terminals on channel 1.

Gain Ranges and Attenuators

The DT80's instrumentation amplifier has three switchable gain settings. These give three basic voltage measurement
ranges (3V, 300mV and 30mV full scale)

The DT806s default i s f otoautorhasically changergaimrangettastitthe mpuesigmall appfied e r
to it by the multiplexers.

If the amplitude of your input signals are known, then the gain can be set manually. Do this by applying the GLx (gain
lock) channel option, which disables auto ranging for that channel and sets the gain to a fixed range.

The analog inputs also include switchable 16:1 (10:1 for Series 3 or older) attenuators, which effectively provide a fourth
range.

Warning: Maximum input voltage on any analog input is 50V dc (+30V for Series 3 or older), relative to the AGND/EXT# terminal. If
this is exceeded then permanent damage may occur.

Analog Input Configurations
The basic quantity that the DT80 measures is voltage. Voltages can be measured using two different input
configurations:
1 shared-terminal analog inputs
1 independent analog inputs
x  Shared-Terminal Analog Inputs
Sometimes called "single-ended" inputs, a shared-terminal input is one that shares one or more of its terminals with

another input. In Figure 4, the three sensors share channel 106s -térmihabr mi n a |
input.

1+
e
e

+
+
4

1%

A B C

Figure 4: Shared-terminal voltage inputss har i ng a ¢ h a nvokagednputstised as exarmnple) | (
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Inashared-t er mi nal configuration, a sensordés "return" or "negat
The remaining sensor wire (the "positive" or "signal)isconnected t o any of the channel s othe
common terminal need not be at ground potential i all voltage measurements (shared or unshared) are differential, i.e.

only the difference in voltage between the two terminals is reported.

For shared-terminal inputs, the channel number is given a suffix indicating the terminal to which the positive wire is
connected. For example, a shared-terminal voltage input applied to channel 1 between the + and # terminals is
recognized by the channel definition 1+V.

x Independent Analog Inputs

An independent input (also known as an "unshared" input) is one that connects to its own terminals and does not share

any of those terminals with any other inputs. For example, in Figure5, sensor A is connected to c
terminals, and sensor B is connected to the other two ter mi
are i ndependesnd nodefminal s esedby ot sedisors.
+
-
A 1
1-
+
1%
B
1#

Figure 5: Wiring one or two independent inputs to a single channel (voltage inputs used as example)

Note: each analog input channel can support two independent voltage inputs. In the above example, the channel definition 1V will read
sensor A while 1*V will read sensor B. The channel definition syntax is fully described in Channels (P32).

Sensor Excitation

Many sensors require excitation (electrical energy) so that they can provide an output signal. For example, to read the
temperature of a thermistor, excitation current is passed through the thermistor to generate a voltage drop that can be
measured.

The DT80 can provide:

f Voltage source of approx. 4.5V via 1kq. Useful for powe
and consequently liable to drift with temperature

T 2¢ A (approx.) current source. Excitation for high resi:
temperature range.

T 200egA (approx.) current source. Def ault excitaimeneanh for

temperature range.

1 2.5mA (approx.) current source. Default excitation for RTD and bridge measurement. Very stable over
environmental temperature range.

1 DT 80 Series 4 provide 16-bit resolution Voltage/Current digital-to-analog converter outputs at V/I DAC terminal.
The current outputs can be set within 0-24mA range and voltage is within 10mV-10V range. The DAC output
can also be used as an external voltage or current excitation for many sensors. It can also be externally routed
to EXT* terminal.

1  User supplied external excitation EXT* terminal. The user can provide an external excitation which is
appropriate to the sensor being used. See the Excitation category in the DT80 Channel Options (Table 5: DT80
Channel Options i P46).

More Information

For full details on how to connect sensors and make measurements using the DT80's analog inputs, see Analog
Channels (P297).
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Digital Channels i Introduction

5D 6D 7D 8D ghp

Tx Rx RTSCTS D
z ¥ B GND

s

Figure 6: DT80 digital terminals

The DT80 provides:

1 4 bidirectional digital I/O channels (1D-4D) with open drain output driver and pull-up resistor (DT81/ 82E: 3
channels, 1D-3D)

1 4 bidirectional digital I/O channels (5D-8D) with tri-state able output driver and weak pull-down resistor. These
channels may also be used for controlling intelligent sensors using the SDI-12 protocol (DT81/ 82E: 1 channel,
4D)

1 1 voltage free latching relay contact output (RELAY)
1 1 LED output (Attn)

1 4 hardware counter inputs (1C-4C) which can be used as independent counter channels or as two quadrature
(phase encoder) inputs (DT81: one phase encoder input, shared with inputs 3C and 4C. There are no phase
encoder inputs on the DT82E)

As with analog channels, channel definition commands are used to specify which digital inputs are to be measured
and/or what digital output states are to be set. For example, the command 1DSwill read the digital state (0 or 1) on
channel 1D, while 3DSO=0will set channel 3D low.

A transition on a digital channel can be used to trigger a schedule. This allows a series of measurements to be made (or
commands executed) in response to a change in digital state.

The DT80 can count the number of pulses received on any digital input. The four dedicated counter inputs provide
additional capabilities:

1 ahigher maximum count rate

1 the ability to keep counting even if the logger is in low-power "sleep" mode
1 optional low-level (5mV) input threshold levels

1 optional decoding of phase-encoded input signals

For more details, see Digital Channels (P326)

Serial Channels T Introduction

The DT80 supports two main classes of "smart sensor":

1 A wide range of sensors, particularly in the environmental monitoring field, use the SDI-12 protocol. The DT80
fully supports this protocol making it a simple process to read measured values. See SDI-12 Channel (P362).

1 The DT80 also provides a generic serial channel.

The serial channel allows a wide variety of sensors and devices to be controlled and polled. The serial channel:
1 can use the dedicated serial sensor port (not DT81/82E), the host RS232 port (not DT8xM), and/or the USB port
1 supports USB, RS232, RS422 and RS485 signal levels (depending on the port)
1 supports point-to-point or multi-drop operation (point-to-point only for the host/USB port)
1 features programmable output (poll) strings and a variety of options for parsing returned data
1 can trigger execution of a schedule in response to received data

For more details, see Generic Serial Channel (P343).
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Programming the DT80

Typical Workflow

When creating a program to send to the DT80, typically the work will follow this order:

Connect Sensors

Sensors & Channels (P297) describes how to measure many different quantities and read many different sensor types
using the DT806s analog, digital and seri al i nputs.

The first step is therefore to refer to the sub-section relating to the quantity you wish to measure. This will help you
decide on the most appropriate way to connect the sensor to the DT80.

Define Channels

Programming the DT80 essentially consists of:
1 defining a series of measurements to take, and
1 specifying when to take them

Each measurement definition is referred to as a chaninel . |t
in DT80 parlance, it refers to a measurement to be made, not a physical input channel.

For example, if you program the DT80 to measure a voltage on analog input 1, then read the state of digital input 3, then
measure the voltage on analog input 1 again then you have defined three channels. The fact that the first and third
channels both measure the same physical quantity (the voltage on analog input 1) is irrelevant i as far as the DT80 is
concerned, they are two entirely separate measurements.

To specify when measurements are to be made, channel definitions may be grouped into schedule definitions. These
specify whether the channels should be sampled immediately, or periodically, or in response to some event.

To define a channel, you need to specify:
1 theinput number (e.g. 1 for analog input 1)
1 the channel type (e.g. V to perform a voltage measurement)
1 any channel options that may be required (listed in parentheses, e.g. (GL3V,FF3)

So to define the three channels mentioned above, you could enter:
1V 3DS 1V

Since we havendt speci fied an ytsuwilldétakenirhneediatelyoresaier thelothes.e mea s ur
Default settings will be used, since no channel options were specified. By default, the DT80 will then return the measured
values in ASCII form to the host computer, e.g.

1V 234.9 mV

3DS 1 State

1V 233.0 mV

So once you have connected the sensor as described in Sensors & Channels (P297), you can then test it out by directly
entering a suitable channel definition.

For example, suppose we want to check the resistance of a resistor. In the section Resistance (P303), several different
wiring configurations are given. In this case we are going
dondédt need to worry about | e awulire coefiguration s thereforeisistable, esdescribddén s i mp |
R4 2-Wire Independent Resistance Inputs (P305). We therefore pick an analog input to use, say input 2, and wire the
resistor between the * and # terminals on analog input 2. We can now enter the channel definition:

DT80>2*R

2*R 559.1 Ohm

In this case the channel number is 2* (analog input 2, measuring between * and # terminals) and the channel type is R
(measure resistance) and there were no channel options, so the complete channel definition is 2*R .

Note: a particular physical input can be read using different channel types.

For example, a thermocouple can be read as a thermocouple or as a voltage. The command
1TK 1V

returns both a temperature and a voltage based on two readings of the same sensor.

For more information about how channels (measurements) are specified in the DT80 programming language, see
Channels (P32).
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Define Measurement Schedules

A schedule defines when a set of channels should be measured. It consists of a list of channel definitions preceded by a
scan trigger specification. See Schedules (P47).

As a general rul e when creat i ntgreachamesuriore fequentlpthad isrealyn st r uct t
necessary. For example, temperatures generally change slowly so rapid reading does not provide extra useful
information.

Up to eleven different schedules can be declared (A to K), each with a different trigger based on a time interval or a
digital input event. The schedul ebés trigger can be changed

A list of channels without a trigger specification can be entered at any time. These are scanned immediately, without
affecting other schedules that may be operating. For more information, see Immediate Report Schedules (P55).

Important: Whi | st a twigghreahbd chabged at any time, its channel list cannot be altered without re-entering all schedules.
In fact, all schedules must be entered at the same time, either all on one line or between BEGIN and ENDkeywords (see Working with
Schedules (P57)).

Jobs

A DT80 job is a logical "hold-all" for a group of schedule definitions and other commands. The command BEGIN signifies
the start of a job, and the command END signifies the end of the job. Once a job has been fully entered, the DT80 will
activate all schedules defined therein.

The DT80 can store more than one job (each with its own separate logged data and alarms), but only one can be the
current/active job. See Jobs (P60) for more details.

Scaling and Calculations

The DT80 can scale the channel input data to engineering units by applying intrinsic functions, spans or polynomials.
Arithmetic expressions provide cross-channel and other calculations. Various statistical functions, including averaging
and histogram channel options, can be applied. See Scaling (P64).

Reducing Data

In many instances the volume of the data recorded can be reduced by taking averages, maximums, minimums, standard
deviations, histograms or integrals. See Statistical Channel Options (P75).

Alarms and Conditional Execution
The DT806s al arm f aci I.Alarms are sised td vearn ioflzdrian canditibnsgeogwset pdintiexceeded)
and to control the DT806s operation. Al arms can
1 control DT80 digital state outputs
 initiate execution of DT80 commands
9 trigger the sending of messages to the host computer.
 setvariables

Executing DT80 commands from an alarm can be particularly 1
changes in input(s). See Alarms (P81).

Data Logging

The DT80 stores measurements in its internal data store or in a removable USB memory device. Logging begins only
after you issue the LOGOMommand. Time and date stamping is automatic.

By default, the DT80 overwrites the oldest data with new data once the memory is full. If you prefer to have the logger
stop logging once the memory is full then you need to set the no-overwrite schedule option (NOV) (P48).

For more details see Logging and Retrieving Data (P93).
x  Selective Logging

To selectively log channels and schedules:
1 For channels, use the NL (no log) channel option
1  For schedules, use the LOGON & LOGOFk commands

See Enabling and Disabling Data Logging (P93).
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Retrieving Data

The DT80 can do two things with the data it measures:

1 Return it immediately to the host computer, where it can be seen arriving on-screen. This monitoring function is
data return in real time.

9  Store itin its internal memory and/or an inserted USB memory device ready for retrieval (unload) to the host
computer at a later time. This is data logging.

The DT80 can carry out these functions separately, or at the same time.
x  Retrieving Real-Time Data

The DT806s default is to return data in ASCI Iithaeixasitcor m t o
measured. (To override this send the /r  switch to the data logger (P258)).

The logger's inbuilt dEX software can also display real-time data in tabular form in your web browser, or you can define
mimics to display the data in graphical form such as dials or trend charts.

Note: if the DT80 is configured to take measurements at a rapid rate then it is possible that not all data values will be returned. All
measurements will, however, be logged (if logging is enabled).

x  Retrieving Logged Data
Data stored in a DT806s internal memory or USB memory devi

RS 232 port, the Ethernet port, or the USB port. Data can be retrieved for an individual schedule or all schedules, or for
all jobs or an individual job.

USB memory devices

The DT806s USB port supports USB memory devices, which can

1  As a medium for transferring logged data from the internal memory of a DT80 to a computer (see Retrieving
Logged Data (P97))

1 Asremovable data storage. See Logging Data (P93)
1 Toload ajob into a DT80. See ONINSERT Job (P63)
f To upgrade a DT 8 OFdrswark Upgnade & tSB.Flash Bavice (P390)

Data stored on the USB memory device is in a Windows-compatible file structure i see The DT80 File System (P113).
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Format of Returned Data

As mentioned earlier, the DT80 can:
1 make data available to a host computer as it is measured (real-time data), and/or
1 store data in memory to be retrieved at a later date (logged data)

You can control whether data is returned or logged on per channel, per schedule or global basis.

Real-time data
Web Access (dEX)

If the DT80 is connected to a host computer via a TCP/IP network then the logger's built in web interface can be used to
display real-time data in any web browser. This may be presented in tabular numeric format, or as graphical "mimic"
displays. See Displaying Real-Time Measurements (P149).

ASCI| Data

The DT80 can also return real-time data in ASCII (text) form via its command interface. This can be in one of two
formats:

M free format mode
1 fixed format mode (also known as "host mode", or "formatted mode")

The /h switch command selects free format mode (which is the default); /H selects fixed format mode.
x  Free Format Mode /h

In free format mode, data is returned as human-readable ASCII text. Various settings are available to control how the
data is presented. By default, each channel is printed on a separate line, prefixed by its name (either a standard DT80
channel name e.g. "3TK", or a user-specified name e.g. "Inlet temp") and followed by appropriate units.

Thus the following program:
RA30S 1V("Pressure~kPa") 2TK 5DS("Valve state")

would result in text similar to the following text being sent to the active communications port:
Pressure 102.3 kPa
2TK 98.0 degC
Valve state 1 State

Pressure 107.3 kPa
2TK 98.2 degC
Valve state 1 State

and so on.

By applying various formatting settings you can get different results. One possible example would be:
/n/c/u/T P33=10 RA30S 1V("Pressure~kPa",FF2) 2TK(FF2) 5DS("Valve state")

which would format the data thus:
12:46:00.029 102.32 97.98 1
12:46:30.017 107.34  98.22 1

In this example, /n/c/u  are switch commands (P258) that have been used to switch off output of channel numbers,
channel names and units. The /T switch causes each data record to be prefixed by a timestamp. P33=10 is a
parameter setting (P256) that sets each data value to a fixed width (10 characters). Finally, the FF2 channel option
(P46) specifies that the channel value is to be rounded to 2 decimal places.

x  Fixed Format Mode /H

Fixed format mode is designed for use with dataTaker host software. Data is still returned in ASCII form, but the record
format is fixed to allow it to be easily parsed by a computer. If /H is specified then both of the above examples will return

data as:
D,081044,"JOB1",2005/03/29,12:46:00,0.0293681,0;A,0,102.322,97.979902,1;0072;065F
D,081044,"J0OB1",2005/03/29,12:46:30,0.0170320,0;A,0,107.341,98.2 20014,1;0072;3BEB
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In fixed format mode:
9 all formatting commands (e.g. FF2, /n , channel names) are ignored i fixed settings are used

91 all records are prefixed by a header, which specifies that this is a data record (D), from DT80 serial number
081044 , running a job called "JOB1" . This is followed a timestamp (date, time, and sub-second time). The 0
indicates that this is real-time data, the A identifies the schedule, and the 0 is the in dEX within the schedule of
the first data value.

1 floating point data values are always specified to 8 significant digits

1 eachrecord includes an error-detection code (CRC) on the end. This allows host software to reject corrupted
records.

Data records such as the above are only one of several types of fixed format message. A comprehensive description of
all fixed format message types is beyond the scope of this manual.

Logged Data

This section discusses the different formats in which logged data can be retrieved. For details on how to go about
retrieving your data, what mechanisms are available (web, file, FTP etc.) and what commands and options to use, see
Retrieving Logged Data (P97).

CSV Format Data

CSV (comma separated value) is a widely used text based format for transferring data. The DT80 command COPY xan
be used to report logged data in CSV format. Data can be written to either:

1 the active comms port, so the data appears in the dEX or DeTransfer command window from which the
COPY[xommand was issued, or

1 afile on the DT80's internal file system, or
 afile on a removable USB device, or
9 afile onan FTP server
x CSV Record Format
By default, the DT80 merges logged data and alarms from multiple schedules into a single file. The file consists of a

number of rows. Each row is terminated by a CR-LF sequence. Each row consists of a number of fields (columns),
separated by commas.

Each row consists of the following fields, in order:
1 timestamp (e.g. 2010/03/ 01 09:54:38.000 )
1 timezone. Currently, this field will always have the value "n", meaning "no timezone"

1 data values for first schedule (zero or more fields, one for each loggable channel). Numeric data values are
specified in "mixed" format (may be either standard or exponential format), to 8 significant digits and trailing
zeroes after the decimal point are trimmed. String values are enclosed in quotes, with any control characters
represented in ~c form (e.g. a CR character would appear as "M).

1 alarm number, alarm state (0-3) and alarm text (see Alarm Records (P91)) for first schedule (three fields; only
present if schedule has one or more loggable alarm channels)

1 data values for second schedule (if any)
1 alarm number, alarm state and alarm text for second schedule (if any)
1 (and so on, for each schedule)

The first row in the file is a header row, which contains a descriptive name for each field. For example, the name of a
data value field has the form " chanName (units)" , e.g. "Ext Temp (degC)"

The first block of rows after the header row contain all data records for the first schedule. The next block of rows contain
all alarm records for the first schedule. Then comes the data records for the second schedule, and so on. In other words,
the CSV data is generated in schedule order, not in time order. However, once it is loaded into a spreadsheet it is a trivial
exercise to re-sort by the timestamp field.

x Example

For example, a typical file might look like:
"Timestamp","TZ","Ext Temp (degC)","2V (mV)","1CV","B.ALnum","B.ALstate","B.ALtext"

2010/03/01 09:54:38.000,n,2 2.896844, -0.05822
2010/03/01 09:54:39.000,n,22.894454, - 0.058563
2010/03/01 09:54:40.000,n,22.899576, - 0.057869
2010/03/01 09:54:41.000,n,22.897856, - 0.056656
2010/03/01 09:54:42.000,n,22.893504, - 0.05735

2010/03/01 09:54:38.233,n,,,3

2010/03/01  09:54:40.249,n,,,4
2010/03/01 09:54:42.237,n,,,1

2010/03/01 09:54:40.249,n,,,,2,1,"trig 22.9"
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x  Variations
To simplify parsing by host applications, the CSV format files generated by the DT80 are essentially fixed format.
However the following parameters may be used to vary the format:

1 P38 can be used to change the character used as the decimal point. By default, this is set to 46, which is the
ASCII code for a period character (.). For European applications, it is often set to 44, which is the code for
comma (,). If this is set to comma then the data separator is automatically changed to semi-colon (;).

1 P41 can be used to change the number of decimal places shown for timestamp values (default 3).

For example, setting
P38=44 P41=0

would result in:
"Timestamp" ;"TZ";"Ext Temp (degC)";"2V (mV)";"1CV";"B.ALnum";"B.ALstate";"B.ALtext"

2010/03/01 09:54:38;n;22,896844; - 0,05822
2010/03/01 09:54:39;n;22,894454; - 0,058563
2010/03/01 09:54:40;n;22,899576; - 0,057869
2010/03/01 09:54:41;n;22,897856; - 0,056656
2010/03/01 09:54 :42;n;22,893504; - 0,05735

2010/03/01 09:54:38;n;;;3
2010/03/01 09:54:40;n;;;4
2010/03/01 09:54:42;n;;;1
2010/03/01 09:54:40;n;;;;2;1;"trig 22.9"

Data in this format can then be readily imported into spreadsheet applications which are set up for a European locale.

x  Error Values

In the event of an erroneous sample value, e.g. analog input overrange, or calculation error, a textual error string will be
inserted into the CSV data in place of the data value, e.g.:
2010/03/01 09:54:40.000,n,0verRange, - 0.057869

When this is imported into a spreadsheet application, the non-numeric data value will typically plot as zero.

Native (DBD) Format Data

When the DT80 logs data to its internal memory, it stores it in fixed size data files, one for each schedule. These files
have a .DBD file extension, e.g. DATA_A.DBD

An alternative way of getting data out of a DT80 is to transfer relevant .DBD files to the host computer. These files can
then be opened using tools such as:

1 dataTaker dump_dbd (which can convert to CSV format). This utility is available on the dataTaker resource CD
or on the www.datataker.com website.

i  Third party packages such as DPlot, which provides plotting facilities.

For large data files, it is often significantly faster to transfer data in DBD format, as the DT80 does not need to perform
any data conversion and formatting.

Native format DT80 data files can be saved to files on the DT80 internal file system, a USB memory device or an FTP
server. As with CSV format output, this is done using the COPYxommand; the only difference being that a
format=dbd option is specified.

For more details, see Retrieving Logged Data (P97).

Fixed Format Data

Logged data may also be unloaded to a file as fixed format records, as described in Fixed Format Mode /H (P29). This is
primarily intended for use with legacy host applications such as DeLogger.

To retrieve data in fixed format, use COPYD format=fixed

Free Format Data

Data may also be unloaded in traditional dataTaker "free format" mode, as described in Free Format Mode /h (P29). This
format may be customised using a number of parameter and switch settings.

To retrieve data in fixed format, use COPYD format=free
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Part B Channels
Channel Definitions

A channel definition defines a measurement to be taken. It is therefore the fundamental building block that you use
when programming the DT80.

Channel definitions are normally enclosed in a schedule definition. The schedule definition specifies when to take the
measurements. The channel definitions specify what to measure, on which terminals and how to sample and process the
data value.

A sample schedule definition is shown below

RA2S 2DS 3R(4W) 2*V(0.1,GL3V,"'Speed~km/h",FF0) 9CV(W)=9CV+1

This shows four channel definitions which are part of the "A" schedule. Each time this schedule runs (which will be every
2 seconds), four measurements will be taken:

1.
2.
3.
4.

The logic state of digital channel 2 will be sampled

A resistance connected to analog channel 3 (4-wire connection) will be measured

A voltage connected to analog channel 2 (* and # terminals) will be measured and displayed as a speed value
An internal general purpose variable will be updated (incremented)

Let us now examine the syntax of a channel definition more closely.

A channel definition consists of up to four components

1

The channel type is a mnemonic code which tells the DT80 what sort of quantity is being measured, or what
sort of sensor is attached. In the above example the channel types are DS(digital state), R (resistance), V
(voltage) and CV(channel variable). A channel definition must always include a channel type.

A channel number prefix is required for most channel types. This specifies which channel to measure. In the
above example we are measuring digital channel 2, analog channel 3, analog channel 2* and internal variable
#9

Channel options are enclosed in round brackets after the channel type and further specify how the channel is
to be measured and processed. In the above example, the 3R, 2*V and 9CV channels have user-specified
options, the 2DS channel does not.

Some channel types are "writable" (e.g. internal variables and digital output channels) and therefore allow a
value to be assigned using an expression. In the above example the 9CV channel definition contains an
expression.

Channel Numbers

A DT80 channel number identifies a particular channel within a certain class of channels. The following table lists the
various classes of DT80 channels. As can be seen, each class has its own range of channel numbers.

Channel class Terminal labels Channel numbers Applicable channel types
analog 17 16 (DT8X) iolll'anzo VHVILRBGIBGVASFFWT  x AD5x CU NI
17 20 (CEM20
( ) (n = CEM20 number) LMx35 LM xx PT3xx TMBx YSxx
plus optional * + i #
modifier
digital 1D7i 8D 17 8 C DB DBO DN DNO DS DSO
counter 1Ci 7C 177 HSC
1PE T 3PE "
PIESE BIETIED shared with counter 173 e
relay RELAY 1 RELAY
LED Attn 1 WARN
1 = serial sensor
serial 2 = host RS232 17 3 SERIAL MODBUS
3=USB
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Channel class Terminal labels Channel numbers Applicable channel types

TCP/IP 4 MODBUS
12V PWR12V (Series 3, 4 only)
tout 5V SW b PWR5\(Series 3 only)
power outpu 12/5vV No nUmoer PWR_OUT(Series 4 only)
V/I DAC VDAC IDAC (Series 4 only)
] 5D 8D (DT80/85) 5 i 8 (DT80/ 85)
SDI-12 4D (DT8L/ 82) 4 (DT81/ 82) Sbi12
channel variable internal 17 1000 Cv
system variable internal 17 85 SV
string internal 17 50 $
timer internal 17 4 ST
temperature . no number (DT8Xx)
reference ISy 17 15 (CEM20) RESLT
D T DELAY CALC & name CMRR IBAT R100 VANA
special internal no number VBAT VC VDD VEXT VLITH VREF VRELAY VSYS
VZERO

The "applicable channel types" column lists the different ways in which a physical input can be measured. For example,
analog channel 1 can be used to measure a voltage (specified by entering 1V), or a PT385 RTD (1PT385) or a
frequency (1F). All of these channel types fall into the analog class, so when we talk about channel 1 we are talking
about analog channel 1.

Because each channel type is a member of one class only, there is never any confusion about which "channel 1" is being
referred to. 1C refers to digital input 1 because, from the above table, the C (counter) channel type is in the digital class.
1HSCG on the other hand, refers to counter input 1 because the HSC(high speed counter) channel type is in the counter
class. An analog channel number can be suffixed by a modifier character, which identifies the pair of terminals between

which to measure, as shown in the following table:
Modifier Measure voltage between

none +and -
* *and #
+ +and #
T -and #
# # and AGND/EXT# (normally only used for current measurements)

Thus the channel ID 3V defines a measurement between the + and 7 terminals, while 3*V, 3+V and 3- V define
measurements between the *, + or i terminals (respectively) and the # terminal.

Channel Number Sequence

A channel ID that contains two channel numbers separated by two decimal points (for example, 1..3 ) defines a
continuous sequence of channels. If the channel IDs include terminal modifiers then the sequence will include all terminal
modifiers between that of the first channel ID and that of the second (inclusive, in the order *, +, T, #, and only where
valid for the channel type). For example:

Sequence is equivalent to

1.4V 1V 2V 3V 4V
1#..3# 1#1 2#1 3#
1+.3 -R(3W) 1+R(BW) 1 - R(3W) 2+R(3W) 2- R(3W) 3+R(3W) 3 - R(3W)

Channel Types

The following table lists all of the channel types supported by the DT80. For each channel type, the table shows:

1 The channel type mnemonic (e.g. HV). Remember that in most cases this will be prefixed by a channel
number. Refer to Channel Numbers (P32) for details of the allowable range of channel numbers for each
channel type.

1  Whether the channel type is "writable" (shown in the Channel Type column). Writable channel types can be
assigned a value, e.g. 2C=200 or 1CV=(2CV+3)+SIN(5CV)

1 The default channel options for this channel type. These override the standard default values shown in the
channel option table. See also Channel Options (P40).

1 what the channel factor does for this channel type

1  The units in which data will be returned. By default, the indicated u n i strigswill be shown on the display and
appended to free format returned data, although it can be overridden if required.

1 references to further details about the channel type
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?;sgnel Signal\ Sensor Details 8E{i)url]tsChannel gg;r:)rr]el More Information
Voltage .
V input ranges are +3V, g\lU)t 1 fs;gl(l)r;g mV
+300mV & £30mV ote
Voltage Higher Voltage Voltage (P298)
input ranges are +50V (x30V scaling
RV Series3 or older) A factor \/
+3V & £300mV
(100,T) current
! Current Note 1, 2 shunt e C (P301)
Current urren
(100) current 0
L 4-20mA current loop Note 2 shunt %
Resistance by 2, 3 or 4-wire offset adjust
Resistance R methods, 10KW, (1MW (1,3W) q Ohm Resistance (P303)
Series4) maximum. Note 4
4-wire bridge, 3-wire arm
BGI simulated bridge (350,11,3W) fesi st PPM Bridges (P306)
current excitation
Bridge oot adiust
- . offset adjus
BGV & Gl itz vallEnE g ppm ppm Bridges (P306)
excitation Note 4
F Frequency measurement &302(;1—1) ;?r?c?éems Hz Frequency (P318)
Frequency Vibrating Wire Strain Gauge ) P
FW frequency (200,MD350) SZ:?Op(;emS Hz \?\}irgn(}%azlg%es [ TR
DT80G/85G only p
TB, TC, TD,
TE, TG TJ, Thermocouples Type B, C, D, (T) scaling degC Temperature i
TK, TN, TR, E,G,J,K,N,R,Sand T Note 1 factor Note 3 Thermocouples (P310)
TS, TT
PT385 Platinum RTDs 0°Cresist- degC
PT392 (a = 0.00385, 0.00392) (100,3W,11) ance g Note3
Nickel RTD 0°C resist- degC Temperature i RTDs
M (a =0.005001) (1000.3W.1) ance q Note3 (P314)
Copper RTD 0°C resist- degC
ey (a = 0.0039) (HerElly ance g Note3
YSO01
YS02
YS03
YS04 : : ;
YS05 Thermistors: Yellow Springs (3W,1) parallel degC Temperature i
YS06 400XX series ’ resi st Note3 Thermistors (P312)
Temperature  YSO7
YS16
YS17
AD590
AD592 Semiconductor current source (100,V,U) current degC Temperature i AD590
TMP17 types (Analog Devices) Note 2 shunt Note3  SeriesIC Sensors (P314)
LM135 ;
LM235 Semiconductor (zener diode) @.V) voltage degC Temperature i LM135
LM335 voltage output types ! divider Note 3 Series IC Sensors (P317)
LM34
LM35
LM45 di
LM50 Semiconductor voltage output ) ooéfset e degC
'II_'I\I\:E’%S types Note 4 it e Temperature i LM35
TMP36 Series IC Sensors (P316)
TMP37
T Ti fd Ti P36
Time, Date el ime of day ime (P36)
and System D
Timers . Day or date Date (P37)
writable
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Channel Default Channel Channel Output

Signal\ Sensor Details More Information

Type Options Factor Units
1ST
Time. Dat oST System timers (60)
ime, Date
: Increment eve 60 :
and System  3ST sec (1ST) n\1/inr)(/2$T) EZ 4; range Counts  System Timers (P38)
Timers ST hour (3ST), day (4ST) @)
writable
DELAY Delays schedule execution for e Delay (P38)
Delay writable nominated time Note 6
Y scalin
System Data Some are System variable factorg System Variables (P39)
writable
Channel variables: general n "
Cv scalin Channel Variables (NCV
writable purpose holders for data, factorg (P66) ( )
VaEhlEs calculation results
; scaling Rainflow Cycle Counting
\Y) Integer variables factor (P78)
. CALC Temporary holder for scaling Calculation Only Channels
Caleulation  yitaple calculation result factor (P68)
Last measurement value for scaling
Reference &name B S ) ——- Reference Channels (P68)
$ General purpose text for
Text itabl headings, etc. (max. 80 Text (P37)
WIS characters each)
SERIAL Transmit to and receive from ( P53) ifi timeout State Generic Serial
serial device le. P53 specifies (sec) Channel(P343)
default timeout
Serial SDI12 Control SDI-12 sensofs using (apg,R1) scaling SDI-12 Channel (P337)
digital channels 5-8 factor
SSPORT  Enable/disable serial sensor delay (Ms) g0 Serial Interface Power
writable port (not DT81) Note 6 Control (P352)
(MB|,MES, TOS, scaling
Modbus MODBUS Read/control Modbus sensors RTO) factor Modbus Channel (P356)
PWR12V  Enable/disable 12V power delay (ms) State Controlling 12V Power
writable output (Series 2,3,4) Note 6 Output (P285)
PWRS5V Enable/disable isolated 5V delay (ms) State Controlling 5V Isolated
writable power output (Series 3 only) Note 6, 7 Power Output(P286)
PWR_OUT Enable/disable 12/ 5V 350 delay (MS)  giqte Controlling 12V/ 5V Power
Power Output jtaple mA output (Series 4 only) Note 6, 7 Output (P285)
VDAC VDAC 16-bit analog output )
writable (Series 4 only) L SIEl I (21
IDAC IDAC 16-bit analog ;
writable output (Series 4 only) mA SIETEL UL (2512
DS Digital state input (1 bit) State
- . . bit mask
Digitl DN Digital nybble input (4 bits)  (15) Note 5 Nybble Digital Inputs (P327)
Input . : : bit mask
DB 2
Digital byte input (8 bits) (255) Nole & Byte
Digital state input on an threshold Analog Logic State Inputs
A2 analog channel By (mv) State  (paor)
DSO Output on a single digital delay (ms) ..o
writable channel. Note 6
DNO Nybble output on a group of bit mask
writable digital channels ) Note 5 MEE
. DBO Byte output on a group of bit mask -
Digital Output writable il drEe (255) Note & Byte Digital Outputs (P328)
RELAY 1=Relay output closed delay (ms) State
writable 0=Relay output open Note 6
WARN 1=Attn LED on delay (ms) State
writable 0=Attn LED off Note 6
© Pulse count on digital input (0 Counters i Low Speed
writable to range-1) range Collils (P332)
Counter - L
HSC High Speed Up Counter (0 to range e Counters i High Speed
writable range-1) 9 (P333)
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Channel Default Channel Channel Output

Signal\ Sensor Details More Information

Type Options Factor Units
PE
Counter writable Phase Encoder Counts  Phase Encoders (P335)
Reference temperature of Temperature i
3 scaling degC Thermocouples (P310),
REFT EIT8|(<) or CEM20 terminal factor Note 3 and CEM20 Temperature
e Reference (P373)
Terminal voltage of internal scaling .
VBAT 6V lead acid battery factor V Battery flat if below 5.6V.
VLITH Internal Lithium memory- scaling V Replace battery if below
backup battery voltage. factor 2.8V.
IBAT Internal main battery current sezling mA Pl 'T charglng,_
factor negative if discharging
VREF Analog 2.5V voltage source scaling V
reference factor
VZERO Analog zero voltage reference fscallng mV
actor
Internal -
Maintenance  p1qg Internal 100 Ohm Shunt sezling Ohms
factor
VANA Internal analog 3.8V rail scaling mv
voltage factor
VDD Internal 3.3V rail voltage fscallng mV
actor
VSYS Internal system supply rail scaling o
voltage factor
scaling
VRELAY Internal relay supply voltage factor mV
VEXT Raw voltage onto system scaling v
from external supply factor
CMRR Commqn-mode_ rejection ratio dB
at maximum gain
Table 3: DT80 Channel Types
x  Notes
1. Input termination is on by default (T) for DT80/ 81 Series 1 for non-attenuated measurements between + and -
terminals

2. If the current shunt value is specified (as the channel factor) then that value is used. Otherwise, if the
measurement uses the DT80's internal shunt on the # terminal (e.g. 3#1 ), then the DT80 uses the actual
calibrated resistance of its shunt. Otherwise, the external shunt is assumed to be 100.0 ohms.

3. Alternatively, parameter P36 can be set to force all temperatures to be returned in degF, degR or K.
4. Offset corrections are subtracted from the measured value.

5. The bitmask specifies which channels are affected by a multi-bit read or write. Channels where the
corresponding bitmask bit is zero are not affected. For example LDNO(3)=0 will set digital outputs 1D and 2D

low but the state of outputs 3D and 4D will be unchanged.

6. The delay channel factor can be used in conjunction with the R channel option to generate a fixed width pulse
output.
Note: use delay carefully as it prevents execution of any other schedules, measurements or outputs during the delay.

7. 5V power output will only be active while analog section is powered (Series 3 only) ; use P21=1 if continuously
power output is required.

Internal Channel Types

The DT80 has its own internal channels, which can be read in exactly the same way as the obvious "external" channels.
Use the channel types below.

Time

The DT 8 ctilhesclockieadehdar has a resolution of 0.1ms, based on a 24-hour clock. Time is read in the same way
as any channel, but without a channel number. That is, sending

T
returns

Time 11:45:10.213
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This channel type is writable, so you can set the time by sending:
T=12:20:00

Time can be in several formats, selected by parameter P39 as follows:

P39= Format Example
Hours:minute:seconds.subseconds

0 (default) P41 controls the number of sub-second digits between 0 and 6; default is 3 11:45:10.003
digits

1 s.s (decimal seconds) since midnight 42310.003

2 m.m (decimal minutes) since midnight 705.1667

3 h.h (decimal hours) since midnight 11.7528

If the time is assigned to a channel variable (see Channel Variables (nCV) (P66)) then the CV will contain the number of
seconds since midnight, e.g.

T(=1CV) 1CV

Time 17:40:50.748

1CV 63650.7

You can also set the time using a CV, e.qg.
1CVv=7200 T=1CV
1CV 7200.0
Time 02:00:00.000

See also Setting the System Time (P265).

Date

The current date can also be returned and set:
D
Date 22/05/2005
D=25/12/2010
Date 25/12/2010

Date can be in several formats, selected by P31 as follows:

P31= Format Example

0 Day number DDDDD 86

1 (default) European DD/MM/YYYY 28/03/2002
2 North American MM/DD/YYYY 03/28/2002
3 1ISO YYYY/MM/DD 2002/03/28

If the date is assigned to a channel variable then the CV will contain the number of seconds since 1-Jan-1989. The date
can also be setfrom a CV, e.g

D(=1CV) 1CVv= 1CV+864OO D=1CV

Date 04/03/2010

1CV 668176400.0

Date 05/03/2010

x  System Variables
The following system variables (see System Variables (P39)) return date related information which can then be tested in

alarms:
1  12SV returns the current date/time as decimal days since 1-Jan-1989

15SV returns the day number of the year (0-365)
208V returns the day of the month (1-31)

21SV returns the month (1-12)

228V returns the year (1989-9999)

= =4 =4 =1

Text

Fifty 80-character text channels (1$ i 50%) are available for labelling, data headings, site identification, DT80
identification, and so on. Define the string by sending, for example
2$="my text string"M"J"

Then, the string is returned (unloaded) whenever n$ is included in a channel list. Text channels can also be set based on
data returned via the serial channel. Control String i Input Actions (P348)

Control characters may be included in the text string, e.g. “M for carriage return.
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Internal Maintenance

There are several internal maintenance channels, which are read in the same way as normal channels. These allow, for
example, the terminal voltage of the DT80's internal batteries to be measured. See the Internal Maintenance section of
the DT80 Channel Types table (P36).

System Timers

There are four internal reloading system timers, which are read in the same way as channels. The four timers increment
at the following rates, and reset to zero when their range (maximum value) is reached:

System Timer Channel Type Increments Every Default range Provides
1 1ST 1 second 60 (1 minute) Second of the minute
2 2ST 1 minute 60 (1 hour) Minute of the hour
3 3ST 1 hour 24 (1 day) Hour of the day
4 4ST 1 day 7 (1 week) Day of the week: (0 = Sunday, 1= Monday, etc.)

System timers are normally synchronised to the previous midnight or Sunday, and increment at the beginning of each
second, minute, hour or day. If the DT80's date/time is set, the system timer channels will be updated to match the new
time.

The range of a system timer can be set using the channel factor. For example, 2ST(15) will count from 0 to 14,

resetting every quarter hour, on the quarter hour. If the range is set to 0 then the timer will not reset, except at midnight
(1-3ST) or midnight Sunday (4ST)

If a system timer is explicitly set to a value, e.g. 1ST=12, then it will no longer necessarily be synchronised to the actual
time. In this example, after being set 1ST will count up from 12 to 60, at which point it will reset back to 0 and start
counting again. It will always differ from the time-of-day seconds count by a fixed offset.

If a system timer's range is set, it will automatically be resynchronised to the actual time. Therefore 2ST(60) can be
entered at any time to return 2ST to its default behaviour. If a system timer is set to a value outside its range, it is
immediately adjusted so that it is in range. When you enter nST=x, you are actually doing nST=x mod range. Thus
2ST=62 will actually set 2ST to 2.

x  Examples

Assume the time is now 12:34:56. Then:

2ST

2ST 34 (34 minutes past the hour 7 counter resets on the hour)

2ST(0)

2ST 754 (754 minutes since midnight i counter resets at midnight only)

2ST(22)

2ST 6 (754 mod 221 counter resets at midnight and every 22 minutes thereafter)
2ST=1

2ST1 (counter is no longer synchronised to midnight)

25T(22)

2ST 6 (setting range value resynchronises timer to current time)

2ST will now increment every minute, resetting back to 0 each time it reaches 22. When midnight comes around, it will
again be reset to 0.

Delay

It is often useful to insert a fixed delay into a DT80 program. There are two ways of doing this, each for a particular
purpose.

As discussed in Executing Commands in Schedules (P58), there is a distinction between channel definitions and
commands. Channel definitions (1V, T, 5SDI12 etc) are executed as part of a schedule. Any commands (U, G,
DELDAT Aetc) triggered by the schedule (using ALARNMbr DOstatements) will be queued but not executed until the
schedule completes.

The DELAY= channel definition will insert a delay of n ms between two channel definitions. For example:
RA20S 1WARN=1 DELAY=1000 1WARN=0

will turn on the Attn LED, wait one second, then turn it off. (There are more better and more compact ways to do this, e.g.
1WARN(1000,R)=1 ; the above is simply to illustrate a point)

On the other hand, the PAUSEn command will insert a delay of n ms between two commands. The following will do a

similar thing to the previous example:
RA20S DO{SATTN; PAUSE 1000; CATTN}
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In this case the SATTNand CATTNcommands are used to turn the Attn LED on and off, rather than the IWARN
channel.

x  Delay Accuracy

The actual delay will not necessarily be exactly as specified. For delays of 20ms or less it will be close (within 1ms). For
longer delays the resolution is +/- 16ms however it is guaranteed that the duration will be at least the specified time.

For the DELAY channel type, the PT (precise timing) channel option may be specified to force a precise delay time, even

if the duration is greater than 20ms. For example:
DELAY(PT)=1000

Notel: However that during this time all logger operations including communications, display updates and sampling will be suspended.

Note2: Performing long delays using the DELAYchannel or the PAUSEcommand is not recommended as it can prevent the timely
evaluation of other schedules. This is true regardless of whether the PT option is specified.

System Variables

System variables provide various pieces of information about the state of the DT80 and its current job. All system
variables are read-only except where indicated as writable in the table below.

As with any other channel type, SVs are, by default, displayed to one decimal place. Use the FFn channel option to vary
this if required, e.g. 14SV(FF2)

System . .
Variable Function Notes Writable
1SV Free space in the internal file system (B:) in kBytes
2SV Used space in the internal file system (B:) in kBytes
3SV Free space in USB memory device (A:) in kBytes, 0 if no memory device present
4SV Used space in USB memory device (A:) in kBytes, 0 if no memory device present
55V External power status 0 f external power not connected
1 = external power connected
6SV Build number of the DT806 s f i r mwar e e.g. = 2 for firmware version 6.18.0002
0 = no current job
7SV Job loaded flag 1=ajob is loaded
8SV Mains frequency setting in Hz (P11) Can be used to change P11 within a schedule X
ISV USB memory device presence Y= el

1 = USB memory device inserted

0 = RX schedule
1 = RA schedule
10SV ID of the owning schedule ®
11 = RK schedule
12 = immediate schedule

Can be used as thermocouple reference channel
for cases where the thermocouple output is already
compensated, e.g.

RA1S 11SV(TR) 1TT

11SV Returns 0.0

128V Decimal days since base date (00:00, 1-Jan-1989)

13SV DT80 serial number

14SV Version number of the DT806 s f i r mwar e e.g. = 6.18 for firmware version 6.18.0002

158V Day number of the current year (integer) 0 = 1st of January

Bitmask, 0 to 15

16SV Host RS-232 port input handshake line states 8=RI, 4=DCD, 2 =DSR, 1=CTS

Bitmask, 0 to 3

178V Host RS-232 port output handshake line states 2=DTR, 1=RTS X
Serial Channel input handshake line states (RS232 mode Bitmask, 0 to 1
18SV
only) 1=CTS
Serial Channel output handshake line states (RS232 mode Bitmask, O to 1
19SvV _ X
only) 1=RTS
20SV Current day of the month 1-31
21SV Current month 1-12
228V Current year 1989 - 5999
Status of a modem connected to the DT806 s H 0-232 0 f no modem connected (direct cgnnectlon assumed)
258V - 1 = modem connected and no call in progress
2 = modem connected and call in progress
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System

Variable Al

26SV Status of last NTP attempt

Notes Writable

0 =no NTP requests have been attempted
1 =time adjustment in process

2 =last request successful

-1..-5 = last request unsuccessful

27SV Time discrepancy as at last NTP request

in milliseconds

29SV Status of last unload attempt

0 = no unloads have been attempted

1 = unload in progress

2 = last unload was successful

-10..-19 = destination store file error X
-20..-29 = source store file error

-30 = communications queue is full

-99 = unload aborted by user

30SV Number of logged data records for RX schedule

31SV Number of logged alarm records for RX schedule

32SV Number of logged data records for RA schedule

33SV Number of logged alarm records for RA schedule

-1 = no current job; or no storefile has been
created for the specified schedule in the current job

®
52SV Number of logged data records for RK schedule
53SV Number of logged alarm records for RK schedule
80SV Communications session state see Modem States (P215) (DT8xM models only)
81SV Result of last communications session see Communication Errors (P215) (DT8xM models only)
82SV Last sampled mobile network signal level value in dBm, typical range -113 to -51 (DT8xM models only)

83SV Last sampled mobile network type

see Service Type (P218) (DT8xM models only)

84SV Last sampled mobile network bit error rate

value in % (DT8xM models only)

85SV Current Ethernet communications state

0 = disabled/no cable

1 = starting

2 = online

3 = limited connectivity (link-local IP address)

Table 4: DT80 System Variables

Channel Options

Overview

All channel types can be modified in various ways by channel options, which define the way in which the input channel
is managed when sampled. There are channel options that specify the type of sensor excitation, the termination of the
input channel, scaling and linearization of the input signal, the format and destination of channel data, fixed channel gain
values, resistance and bridge wiring methods, statistical operations on the channel data, and so on.

As shown below, channel options are placed in round brackets immediately following the channel ID (channel number
and type). If multiple channel options are specified then they should be separated by a comma (no spaces).

RA2S 1TK 3R(4W) 2*V (0.1,GL3V,"Speed~km/h",FF0)

In the above example:

1 The first channel, 1TK, has no channel options specified so it will measure the thermocouple using default

settings.

1  The second channel (3R) includes the 4Wchannel option, which specifies that a 4-wire resistance

measurement should be taken.

1 Finally, the 2*V channel is in this case used to read a speed sensor which outputs a voltage that is directly
proportional to speed (10mV per km/h). The 0.1 channel option is the channel factor, which for a voltage
channel is interpreted as a simple scaling factor (mV * 0.1 = km/h). The GL3V (gain lock) option tells the DT80
to select the 3V measurement range (rather than auto-ranging). The last two options concern the presentation
of the data on the LCD display and in returned real-time data when in free format (/h ) mode. In particular, they
define the channel name and units, and specify that no decimal places be displayed (FFO).

The channel's data will therefore be returned/displayed as:

Speed 72 km/h

instead of the default:
2*V 721.3 mV

Only certain channel options can be applied to each channel type. If an inappropriate channel option is applied (or an
incompatible combination of options), the DT80 natifies by returning an E3 - Channel option error message.
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The same channel can be put in the list more than once, with the same or different channel options. The DT80 treats
each occurrence as a separate measurement.

A Special Channel Option 8 Channel Factor

The DT806s channel factor channel option is si ndifferentwaysf | oat i
depending on the channel type, as indicated by the following table.

Channel Type Channel Factorés function

V, HV, Tx, CV, SV, CALG &name,

MODBUSSDI12 , internal channels e.g. Scaling factor i for example, 1V(5.5) means multiply the reading by 5.5
VBAT, REFT

LIMk35 (voltage output) External voltage divider factor, or slope calibration factor

|, L, ADSx, TMP17 (eurrent) Voliage i measuret across the shunt to calouate current flow) -
LIVikx, TMP3< (voltage output) Offset adjustment (°C)

BGI (current excited bridge) Bridge arm resistance (ohms)

BGV(voltage excited bridge) Offset adjustment (ppm)

PT3xx, NI, CU(RTD) Resistance of the RTD element at 0°C (ohms)

Y Sxx (thermistor) Value of connected parallel resistance (ohms)

R (resistance) Offset adjustment (ohms)

AS (state) Logic threshold value (mV)

F, FW(frequency) Sample Period (ms)

C, HSG STx (counter, timer) Count modulo value (reset after every n counts)

DN DB DNQ DBO(digital multiple) Bitmask (only channels with 1 in bitmask are read/output)

DSQ WARNRELAY, PWR12YPWR5V Delay time (ms)

(digital output)

SERIAL Timeout (sec)

For example, the three channel definitions in the schedule:
RA30S 1V(10.1) 4PT385(200.0) 2DS0O(100,R)=0
contain channel factor channel options that instruct the DT80 to do the following:
1 scale (multiply) the voltage measured on input channel 1 by 10.1

1 use 200.0Y (instead of the default 100.0Y at 0°C) when calculating the temperature represented by the signal
from the RTD on channel 4

1 output a 100ms pulse on digital channel 2

Multiple Reports

The DT80 samples each channel in the channel list once every scan. However, by adding additional channel option sets

(each set enclosed in round brackets) you can generate additional reports. That is, you can report the same data value in
different ways.

The first channel option set determines how the channel is sampled, and must include all sampling options required for
the channel. These channel options are listed above the configuration line in the Channel Option Table (P46). Second
and subsequent option sets may only contain reporting options (those below the configuration line.

Multiple reports are particularly useful for statistical reports (see Statistical Report Schedules (P56)) in that several
different statistical operations can be performed on the same data set.

For example:
RA1H 3YS04(IILAV)(MX)(TMX)(MN)(TMN)

defines five option sets. The first option set specifies one sampling option (Il 7 use 2.5mA excitation) and returns the
average temperature value, calculated over the period (1 hour in this case) since the last report scan. The remaining

option sets will return the maximum reading over the same interval, the time at which it occurred, the minimum and the
time of minimum.

Remember that the first option set can contain options from any part of the channel option table, while subsequent option
sets can only contain options from below the configuration line.

Mutually Exclusive Options

Options grouped by a shaded rectangle in the Mutual Exclusions column of the table below are mutually exclusive. If

more than one channel option from a mutual exclusion group is placed in a channel list, only the last one specified is
recognised.
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Order of Application

The DT80 applies channel options in a specific order, regardless of the order in which they are specified in a channel
definition. The channel option table below lists the channel options more or less in the order of application.

In general terms, the ordering is as follows:

1.

First, the raw value is sampled, taking note of sampling options, i.e. those relating to the physical
measurement process. These include options in the input termination (T, U) , input attenuator (A, NA),
resistance/ bridge wiring (2W 3W 4W|, gain lock (GL30V, GL3V, GL300MV, GL30MY and excitation (I , Il ,
I, V, E, N) categories, along with NSHUNT2V, ESnh and MDn.

The raw value may then be linearised according to the channel type, e.g. for thermocouples the appropriate
polynomial will be applied to convert millivolts into a temperature value (in the units specified by P36).

The resulting linearised value is then further processed as follows.

The channel factor is then applied, if specified. For most channel types this is a simple scaling (multiplier)
value.

A user specified scaling option 7 a span (Sn), polynomial (Yn), thermistor scaling (Tn) or intrinsic function (Fn)
T is then applied.

The resulting scaled and linearised value may then be manipulated using a data manipulation option 1
difference (DP), time difference (DT), rate of change (RQ, reading per time (RS or integrate (1B ).

A digital manipulation option for measuring the timing of signal transitions may then be applied (TRR TRF,
TFR TFF, TORor TOR

The data value processed up to this point may then be used as a reference value for other measurements (TR,
BRor TZ)

The data value may then be accumulated using one or more statistical options (each one in a separate option
set). Statistical channel options include AV, SD, MX MN TMX TMN DMXDMNIMX, IMN, INT , NUMand H
(histogram).

Finally, the resultant value after applying the above options (or values if multiple option sets are used) may be
stored in a channel variable using =CVand op=CV options. Return, logging and/or display of the data may be
disabled using the NR NL, NDand Woptions, and output formatting can be specified using FFn, FEn and FIvh
and "name~units".

Default Channel Options

All channel options have default values. The DT80 follows a 3-step procedure to determine what options to apply:

1.
2.

Start with the basic set of default options specified in the channel option table.

If the channel type specifies any default options then they are applied, overriding any conflicting basic default
options. Default options for each channel type are listed in the channel type table refer Table 3: DT80 Channel
Types (P36)

Finally, if an option is explicitly specified in the channel definition then that setting is used, overriding any default
setting. If more than one mutually exclusive option is specified then only the last one is used, e.g.

1V(AV,MX) is interpreted as 1V(MX) . (If you want to output both the average and the maximum then use two
separate option sets, i.e. 1V(AV)(MX) ).

For example, if you specify:

1R(4W)

then you are really specifying:

1R(U,NA,N,ESO,MD10,FF1,1,3W,4W)

In this case the basic default options are (U,NA,N,ESO,MD10,FF1) . The R channel type specifies (I,3W) as its
default options, so the (I) option (200pA excitation) overrides the (N) option (no excitation). Then the user specifies
(4W) which overrides the R channel type's default wiring option setting (SW) .
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Channel Option Table

Category

Channel
Option

Range of

Function Option (n)

Terminate +, i inputs with IMW

Comment

Provides input bias current path to ground to

for high speed counters

1PE (not DT81) channels.

?gﬁinaﬂon T to AGND terminal prevent inputs "floating" 1 particularly when
. independent (differential) inputs are used.
(DT80/ 81 Series | . )
1 only) Unterminate +, i inputs Not required on DT80 Series 2 or DT85 as a
y default ' ground path is always present.
A Enablel +10 (1 ~16 Series 4) Attenuators default ON for HV, AS channel
Input input attenuators
AT NA ) _ types, OFF for other types.
Disable input attenuators
default
Resistance and 2W 2-wire measurement Specifies the number of wires run between
Bridoe 3Wodefault 3-wire measurement the DT80 and the resistance or bridge. More
9 AW 4-wire measurement wires generally mean better accuracy.
Selects between 3V, 300mV, 30mV ranges if
(none) ) ] input attenuators disabled
default AT O I EhE Selects between 30V, 3V, 300mV ranges if
input attenuators enabled
Lock channel gain for
GL50V +50V input signal range (Series Valid only if input attenuators are enabled
4 only)
Gain lock GL30oV I;gg‘\(/ﬁ:\];{]tn Seilg%a;n r;(::ge Valid only if input attenuators are enabled
GL3V Lock channel gain for
+3V input signal range
GL300MV Lock channel gain for +300mV
input signal range
GL30MV ;%Cukt g%ﬁgﬁ;ﬂgg oL Valid only if input attenuators are disabled
Precision current source. Low excitation
I Supply 200pA current excitation current minimises self-heating in resistive
on * terminal temperature sensors and allows high
resistances to be measured.
Supblv 2.5mA current excitation Precision current source. Higher excitation
Il on Eagrm.inal current allows more accurate measurement
ofl ow resistances (< 1
Precision current source. Low excitation
Excitation 1 Supply 2pA current excitation on current minimises self-heating in resistive
* terminal temperature sensors and allows high
resistances measurements.
V z;cpitpe:i,i(?r?ggof.t:r.;\i/n\;\?ltage Voltage source is not regulated
Connect external excitation
E source (EXT * terminal) to
channel's * terminal
N No excitation by DT80 (assumes Excite terminal (*) may be used as a shared-
default externally applied excitation) terminal input channel
Linearise/scale the measured depends on A scale factor or other parameter specific to
Channel Factor value value chgn tvpe channel type (see the channel factor column
yp in Table 3: DT80 Channel Types(P36))
. Used with F channel type to set threshold to
Reference Offset 2V ch:ﬁs(;J\r/e T s +2.5V (suitable for TTL level input signals)
rather than the default of OV.
- Can reduce noise. Total measurement time is
Extra Samples =21l P 1 ERENTERzE] SRS 0 to 30000 n+1 mains periods. Analog channel types
default = 0 and average them only.
Measurement MDD After selecting channel, delay for Specifies the settling time required before a
Del n ms before starting 0 to 30000 sensor can be measured. Default is 350ms
elay default = 10 measurement for FWchannel. Analog channel types only.
i Valid for IHSC 2HSC(DT80/81/85) and
Low Threshold LT Set low input voltage thresholds G ( )
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Category

Function

Range of

Option (n)

Comment

Valid for C, HSC ST and CVchannel types,
which are reset to 0 after returning their
current value.

Reset R S CEE e [ e Also valid for digital output channel types
(DSQ DNQ DBQ which invert the state of
each bit after returning its value.

Internal Shunt . . . .

. Disconnect internal 100R shunt Allows # terminal to be used for shared-input

(1D0Tn8|3)/ 81 Series NSHUNT between # terminal and AGND voltage measurements
Valid for DELAY, DSOQ WARNnd RELAY

Delay PT Force precise timing channel types. Forces a precise (+/- 1ms)
delay time even for long delays.

Applies a previously-defined span
0 Apply span n 11050 See Spans (Sn) (P64)
(poly & span Applies a span in reverse
SR Apply reversed span n indEXis  See Spans (Sn) (P64)
: shared) Applies a previously-defined polynomial
hE DI EelTEmEl T See Polynomials (Yn) (P65)
n Function
1 1/x
Scaling 2 ax
L . 3 Ln(x)
Appl fi
Fn pply intrinsic function n 1to7 4 Log(x)
5 Absolute(x)
6 X2
7 Gray code to binary conversion (16 bit)
Applies a previously-defined thermistor
S Apply thermistor scaling 1 to 20 scaling equation
(correction) n See Thermistor Scaling (Tn)(P65) and
Temperature i Thermistors(P312)
DE Difference Returns the difference (xUnits) between the
PX latest reading and the previous reading
DT Time difference Time difference (seconds) between the latest
ot reading and the previous reading
Rate of change (xUnits per second) based on
Data RC Rate 0; changte latest and previous readings and their
Manipulation ot ® respective times
Reading / time difference Rate of change (xUnits per second). Useful
RS X ¢ when the sensor reading is already a
® difference (e.g. resetting counters)
"Integrate” "Integration” with respect to time (xUnits .
1B xi ox | 2 i seconds) between the latest and the previous
(xT @ ) @ readings (area under curve)
TRR Time from rising edge to rising
edge
TRE Time from rising edge to falling
nge : _ Normally used for digital channels.
Digital TFR Time from falling edge to rising If used on analog channels then channel
Manipulation edge factor is interpreted as a threshold value.
TEE Time from falling edge to falling
edge
TOR Time of rising edge
TOF Time of falling edge
Any non-thermocouple temperature sensor
measuring isothermal block temperature.|f
Use this channel's value as already compensated use 11SV(TR) as
TR thermocouple reference junction reference channel (11SV always returns 0.0).
temperature TR channel temperature is used for all
subsequent thermocouple measurements in
Reference this schedule
Channel Use this ch t ue i This zero would be measured at the
2 Ul GikEine ,5 VEID o isothermal block. TZ channel zero is used for
TZ correct the DT80's electrical
T _aII st_Jbsequent thermocouple measurements
in this schedule
BR Use this channel's value as BR channel voltage used for all subsequent

bridge excitation voltage

BGVmeasurements in this schedule
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Range of

Category Function Option (n) Comment
. Sensor address (quotes optional
AD"n for 0-9) 0-9,A-Z a-z
Rnnn Register to read 1to 999
SDI-12 cMm Configure sensor to measure See SDI-12 Channel (P337)
continuously
VERIN Only use commands supported 10, 11,12,
by SDI12 version n.n 13
ADn Sensor address (serial) 1 to 247
AD"ip-addr" Sensor address (TCPIP) IP address
. . ; : 0:0to
Rt: rrrrr: b Register(s) to read or write 2-65536
data type: int16, unsigned16, | UL F
MBype int32, float32, Enron int32, - e
Modbus Enron float32 LE, FE See Modbus Channel(P356)
32-bit word order: standard,
MEorder reversed S R
TOn comms timeout (sec) 1to 255
RTn max retries 0to 25
MUIDn unit id 0 to 255
Serial Channel " commands" Input and output actions ASCII text See Generic Serial Channel(P343)
Rainflow Cycle  paiNFLOW See Rainflow Cycle Counting (P78)

Analysis

CONFIGURATION LINE (see Multiple Reports(P41) )

Statistical

See Statistical

Channel Options

AV Average of channel readings
Standard deviation of channel

SD .
readings

MX Maximum channel reading

MN Minimum channel reading

TMX Time: of maximum channel
reading

TMN Time_ of minimum channel
reading

DMX Date_ of maximum channel
reading

DMN Date of minimum channel

reading

Instant (time and date) of

These channel options link the channel to the
statistical sub-schedule RS. The channel is
sampled at times determined by the RS
trigger (which defaults to 1S).

At the report time as determined by the report
schedules, the statistical summary is
reported. If insufficient samples have been
taken before the reporting time, an error is
reported (NotYetSet ).

e Lo maximum
IMN Instant (time and date) of
minimum
Integral for channel
INT O
(using time in seconds)
NUM Numbe( of samples in statistical
calculation
Divide data range X to Y into discrete buckets
+ ;
Hx: y: m.. nCV Histogram X,y +1el8 and accumulate in CVs the number of
m, n 1-1000 samples in each bucket
See Histogram (Hx:y:m..nCV) (P77)
Assign channel reading to
=nCV channel variable. 1to 1000 Channel variables are like memory registers
nCV= reading in a calculator. They can be assigned directly
Add channel reading to channel (e.g..1CV=2.5 ),_ or assigned a channel
Variables +=nCV variable. 1 to 1000 reading at scan time (e.g. 1V(=7CV) ).
See Channel NnCV=nCV+ reading
Xjaégbles (nCv) : Subtract channel reading from The contents of a variable can also be read,
i =nCV channel variable. 1 to 1000 modified and then updated. For example
NnCV=nCVi reading 1V(/=7CV) means that the value of 7CV is
Multiply channel variable by divided by the reading on channel 1 and the
*=nCV channel reading. 1 to 1000 result is returned to 7CV.

nCV=nCV* reading

Note that these actions occur only at report
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Category

Function

Divide channel variable by

Range of

Option (n)

Comment

time and not during statistical sampling.

Variables /= nCV channel reading. _ 1 to 1000
See Channel NnCV=nCV-= reading
Variables (nCV) =m.. nCV
(P66) (MODBUS Assign values to a range of CVs
channel only)
Channels tagged with NRare not returned to
NR No return the host computer (they may still be logged or
displayed).
NL No log Channels tagged with NL are r_lot logged
(they may still be returned or displayed).
Channels tagged with NDare not displayed
Destination ND No display on the LCD (they may still be returned or
logged).
Same as (NR NL, ND
W Working channel Working channels are usually used to hold
intermediate values in calculations.
LM Log alarm measurement Log the value being tested in an alarm.
Ignored for non-alarm channels.
FFn Fixed-point format 0to7 Specifies numeric format for display and free
default = 1 n=decimal places format (/h ) real-time data.
Exponential format, n=decimal For example, FF2 returns 71.46 mV
(FDUtpUtt Data el places VDY For example, FE2 returns 7.14el mV.
orma
Mixed: FF or FE, n=significant FMh uses exponential format if exponent is
A digits Oto7 less than 7 4 or greater than n
BGmin: max Show value as a bargraph on the display.
Channel name . " User-specified name
and Units flame Default units
" name~unit" User-specified name Allows channel name and/or units to be
User-specified units overridden for display and free format (/h )
o o User-specified name real-time data.
flame No units ASCll text Max 24 characters for user-specified channel
- No @Emne mameE name; 10 characters for units.

User-specified units

No channel name
No units

Table 5: DT80 Channel Options
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Part C1 Schedules
Schedule Concepts

What are Schedules?

Schedules are the workhorses of the DT80. They are the underlying structures that you use to manage the repetitive
processes of the DT80 such as:

9 scanning input channels
evaluating calculations
processing alarms
managing output channels

= —a —a A

returning data to a host computer
1 logging data
The DT80 supports the following schedules:
1 11 general purpose schedules, A-K, which can be triggered by a variety of different events

1 A polled schedule, X, which is normally triggered by a poll command from the host computer (although most of
the other triggers can also be applied to it, making it effectively a 12th general purpose schedule)

1 The immediate schedule, which executes once immediately after being entered

1 The statistical schedule, which collects and accumulates data to be returned as statistical summaries by the
other schedules.

Schedule Syntax

A typical schedule definition is shown below:

RA" Testl " ("B:",DATA:OV:14 D) 2S 1TK 6R(4W) 7TT
- AN ~ RN

‘ Schedule ID ‘ Schedule Name ‘ Schedule Options ‘ Schedule Trigger ‘ Channel List ‘
Figure 7: Components of a typical schedule command

A schedule consists of a number of parts. Firstly the Schedule ID, next the schedule options and finally the schedule
trigger. There are no spaces between the different parts

Schedule ID

}A" Testl " ("B:",DATA:OV:14D )2S 1TKG6R(4W) 7TT

N

‘ Schedule ID ‘ Schedule Name ‘ Schedule Options ‘ Schedule Trigger ‘ Channel List ‘

The Schedule ID consists of the letter R ("Report schedule") followed by a letter identifying the schedule. Each schedule
has a unique identifier; these are summarized in the following table:

Schedule ID Quantity \
Report schedules (P50) 2? EE E)(i NEJRE (Rl (RET A R 12 available
Immediate report schedule (P55) No schedule ID Each time you en_ter Gl 'm”.‘ed'ate schedule it
replaces the previous one, if any.
Statistical sub-schedule (P56) RS 1 available, but is applied to one or more of the
other report schedules
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Schedule Name

RA"Testl " ("B:",DATA:OV:14D )2S 1TK6R(4W) 7TT
AN

AW

Schedule ID ‘ Schedule Name Schedule Options ‘ Schedule Trigger ‘ Channel List

The schedule name is optional, and consists of text (max 20 characters) enclosed in double quotes. This name is used in
reports and is normally used to document the purpose of a given schedule.

Schedule Options

RA"Testl " ("B:",DATA:OV:14D )2S 1TK6R(4W) 7TT
N\

W

Schedule ID ‘ Schedule Name ‘ Schedule Options ‘ Schedule Trigger ‘ Channel List

Schedule options are enclosed in brackets. They define:
1 where to log the data and alarms generated by the schedule (i.e. internal file system or removable USB device)

1 the amount of space to allocate for storing data records, and whether old records are to be overwritten when it
is full

1 the amount of space to allocate for storing alarm records, and whether old records are to be overwritten when it
is full

For more details on how data logging works, see Logging Data (P93)

fSchedule optionosyntax is as follows:
( Dest,DATA: DataOverwrite: DataSize, ALARMS: AlarmOverwrite: AlarmSize: AlarmWidth)

Item Possible Values Explanation
Logged data and alarm information from this schedule will be written
A directly to the USB memory device (not recommended, see Logging
Dest Options (P95))
"Bt Logged data and alarm information from this schedule will be stored on the
: internal flash disk (default)
oV Data for this schedule will be overwritten when the data store is full (default)
DataOverwrite NOV Data will not be overwritten when the data store is full. When the data store
fills logging will stop and the Attn LED will flash
nB Allocate n bytes for storing data for this schedule
nKB Allocate n kilobytes for storing data for this schedule
nMB Allocate n megabytes for storing data for this schedule
DataSize nR Allocate space for n data records for this schedule
nS Note 1 Allocate space for n seconds worth of data for this schedule
nM Note 1 Allocate space for n minutes worth of data for this schedule
nH Note 1 Allocate space for n hours worth of data for this schedule
nD Note 1 Allocate space for n days worth of data for this schedule
oVv Alarms for this schedule will be overwritten when the store is full (default)
AlarmOverwrite Alarms will NOT be overwritten when the store is full. When the store fills
NOV ; : . A
l ogging wil!/l stop and the O60Attnd L
nB Allocate n bytes for storing alarms for this schedule
. nKB Allocate n kilobytes for storing alarms for this schedule
AlarmSize - -
nMB Allocate n megabytes for storing alarms for this schedule
nR Allocate space for n alarm records for this schedule
AlarmWidth Wh Allocate n bytes for storing each alarm string (default=60 bytes)

Note: These are only valid for time-triggered schedules (not for polled or event triggered schedules). Furthermore, if the schedule rate is
changed after the job has started running then the store file may no longer contain data for the indicated time span.
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x  Default Schedule Options

All schedule options are optional. Default settings are:
1 Destination is B: (internal flash drive)
New data and alarms overwrite earlier data/alarms once the store file fills
Space allocated for data is 1 MB
Space allocated for alarms is 100 kB

= =4 —a A

Space allocated for each logged alarm text string is 60 bytes.

x  Example:
RA"Fred"(DATA:NOV:15D)15M

Schedule A is given the name "Fred". Data and alarms are stored on the internal drive and sufficient space is allocated
for 1440 readings (15d ay s 6 wo radnh 15 minatessead rate). In this case earlier data is considered more valuable
than later data, so no-overwrite mode is selected. If any alarms are defined in this schedule they will use the default
storage parameters (100KB, overwrite enabled).

Schedule Trigger

RA" Testl " ("B:",DATA:OV:14D )2S 1TK6R(4W) 7TT

~

Schedule ID ‘ Schedule Name Schedule Options ‘ Schedule Trigger ‘ Channel List

All schedules have a trigger, which defines when the schedule is to execute the processes assigned to it. Here are the
DT806s schedule triggers:

1 aninterval of time, see Trigger on Time Interval (P51)

a time of day, see Trigger at Date/Time (P51)

an external event (such as a digital input transition), see Trigger on External Event (P52)
an internal event (such as a CV changing), see Trigger on Internal Event (P53)

= =4 —a A

a poll command, see Trigger on Poll Command (P53)

Triggers can also be conditional upon an external or internal state (that is, trigger only while a particular external state or
internal state exists) 8 see Trigger While (P54).

Channel List

RA" Testl " ("B:",DATA:OV:14D ) 2S 1TK 6R(4W) 7TT

T

Schedule ID ‘ Schedule Name Schedule Options ‘ Schedule Trigger ‘ Channel List ‘

Most often schedules will be created that instruct the DT80 to carry out channel-related tasks, such as scanning one or
more of its input channels and/or setting one or more of its output channels. When these schedules are created, group
the channel details (their IDs and optional instructions) together in a channel list within the schedule. Figure 7 (P47)
shows a typical schedule & notice its schedule header and channel list components.

A channel list may contain just one channel entry or many, and each channel in the list must be separated from the next
by one or more space characters. Similarly, a schedul eds he
space characters.

The DT80 processes the channels in a channel list from left to right.

UM-0085-B11E DT80 Range User Manual Page 49
RGJIKLIW



x Example 8 Channel List

The channel list
1V 3R 5..7DS 4TK("Boiler Temp") 3DS0O=0

specifies the following channels (each is separated from the next by a space character):
1 1V read analog input channel 1 as a voltage
1 3R read analog input channel 3 as a resistance
1 5..7DSd read the state of digital input channels 5 through 7 (inclusive)
1

ATK("Boiler Temp") d read analog input channel 4 as a type K thermocouple and assign it the name
Boiler Temp

1 3DSO0=06 set digital state output channel 3 low

Note:t he example above is only a channel 1ist and not a complete sch
schedule header RJ2Mhas been added):
RJ2M 1V 3R 5..7DS 4TK("Boiler Temp") 3DSO=0

The header identifies the schedule as Report schedule J that runs every 2 Minutes.

A Simple Schedule

A schedule comprises a schedule ID (schedule identifier), a trigger that determines when the schedule runs, and a list of
processes to be carried out every time the schedule runs. For example, the schedule
RA10M 1V 3R

specifies report schedule A as follows:
1 RA®S schedule ID

1 If logging is enabled then data will be stored to the internal flash disk, 1MB will be allocated and old data will be
overwritten when full. This schedule does not define any alarms, so no alarm storage will be allocated.

1 10Md trigger (run the schedule every 10 minutes)
T 1V 3R 8 channel list

Groups of Schedules 6 Jobs

A DT80 job is essentially a group of one or more schedules that together perform the overall task. It may also be referred
to as a program.

See also Jobs (P60).

Types of Schedules

General-Purpose Report Schedules

The DT80 supports twelve general-purpose report schedules, which you use to carry out the repetitive processes of
scanning input channels, evaluating calculations, handling alarms, managing output channels, returning and logging
data, and so on.

These report schedules have the identifiers RA RB RC RD RE RF, RG RH RI, RJ, RKand RX

A report schedule executes the processes assigned to it whenever it is triggered. A schedule trigger can be
f aninterval of time

a particular time of day

an external event (e.g. a digital input changing state)

an internal event (e.g. an internal variable changing its value)

a poll request from a host computer or an alarm channel

= =4 —a -—a -

continuous (the schedule executes repeatedly, as quickly as possible)
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Trigger on Time Interval

Figure 8: Time interval schedule

Report schedules can be triggered at r egu Himecloécknrteevalsicanlbe o f
an integer number of seconds, minutes, hours or days:

Trigger Run every n Range

nD Days 17 65535
nH Hours 17 65535
nM Minutes 17 65535
nS Seconds 17 65535
nT Milliseconds (Thousandths of seconds) 51 65535

Note: The schedule first runs on the next multiple of the interval since last midnight (see Time Triggers 6 Synchronizing to Midnight
(P59)), and subsequently runs every multiple of the interval thereafter. If the interval is not an even multiple of 24 hours, the DT80
inserts a short interval between the last run of the schedule prior to midnight, and the run of the schedule beginning at midnight.

x  Examples:

The following schedule will execute every 5 seconds:
RA5S

The following schedule will execute 6-hourly, at 00:00, 06:00, 12:00 and 18:00:
RX6H

Trigger at Date/Time

Schedules can be triggered at particular times of day, days of the week, or dates. This is done by specifying the desired
second, minute, hour, day, month and day of week on which to trigger, as follows:
[ seconds: minutes: hours: day: month: weekday]
where
1 seconds, minutes and hours specify the time of day at which the schedule should trigger, e.g. 0:0:17  for 5pm.
1 day and month specify the date on which the schedule should trigger, e.g. 1:7 for 1st July.

1 weekday specifies the day of the week on which the schedule will trigger. This is a number from 0 to 7, where 0
or 7 represents Sunday. The schedule will trigger if either the date or weekday condition matches.

Each of the six fields may be set to either:
1 asingle value, e.g. 3
1 alist of values, e.g. 3,4,9
1 arange of values, e.g. 3- 12
T * which means "all values"
Thus [0:0:12:*:*:*] will trigger the schedule daily at noon.
Fields may be omitted starting from the right hand side. Any omitted field is assumed to be * ', so [0:0:12] is
equivalent to the previous example.

Finally, / n may be appended to a range. This means: include every nth value, so 2- 14/4 in the hours field means
trigger at 2am, 6am, 10am and 2pm, while */6 would mean 12am, 6am, 12pm and 6pm. As a shortcut, if the end point
of a range is omitted (i.e. a single value is specified to the left of the / ) then this is interpreted as a range from the
indicated value up to the maximum for the field, e.g. in the hours field 7/2 is equivalent to 7- 23/2 .
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x  Examples

Trigger daily at 9:00am
RA[0:0:9]

Trigger every Monday morning at 10:30am
RA[0:30:10:*:*:1]

Trigger at 4:00am on the first of every month
RA[0:0:4:1]

Trigger every 2 hours (same as RA2H)
RA[0:0:*/2]

Trigger every 2 hours, at 2 minutes before the hour (i.e 1:58, 3:58, etc.)
RA[0:58:1/2]

Trigger at 7:30am on the 1st and 15th of each month
RA[0:30:7:1,15]

Trigger hourly from 9:00am to 5:00pm, weekdays only
RA[0:0:9 -17:x*1 -5]

Trigger on External Event

[RATSERIACABC.. >

tAny event on LAﬁer 5 counts on 1.—Te:'c’[ AbC arrives on
digital input 1 counter 1 Sernal Channel

Figure 9: Various external event schedules

Report schedules can also be triggered by external events, which are manifested to the logger as state changes on the
digital input channels nDS, or as pulses on the counter channels nC:

Trigger Action

nE Trigger on a rising or falling transition of digital input channel n

n+E Trigger on a rising transition of digital input channel n

n- E Trigger on a falling transition of digital input channel n

m.. nE Trigger on a rising or falling transition of any of digital input channels m.. n

m.. n+E Trigger on a rising transition of any of digital input channels m.. n

m.. ni E Trigger on a falling transition of any of digital input channels m.. n

nc(c) Trigger when low speed counter channel n "wraps around" (i.e. is reset to 0), which will occur when a count

value of c is reached.

Trigger when high speed counter channel n "wraps around" (i.e. is reset to 0), which will occur when a

nHSC(C) count value of c is reached.

Trigger on the arrival of characters (from an external serial device) atthe DT806 s Ser i al Cha
sensor port if n = 1, host port if n = 2). The trigger can be of the form

1SERIAL™ , where any character arriving triggers the schedule (note that there is no space between " ),
or

1SERIAL"AbC" , where arrival of the exact string AbC triggers the schedule.

See Triggering Schedules (P351).

NSERIAL" text"

where:

1 n is adigital channel number

1 m..n is asequence of digital channel numbers (see Digital Channels (P326))

T text is a string of characters arriving at tehie@ DT80606s
Notel: For digital input edge triggering the minimum pulse width is approximately 16ms.

Note2: If a counter is pre-set to a value greater than its specified trigger count, the schedule is not triggered. For example, a schedule
set to trigger after 10 counts on digital counter 2 (e.g. RA2C(10) ) cannot be triggered if counter 2 is assigned a value of 15.

x Examples i Digital Channel Event

The schedule header
RC1E
instructs the DT80 to run report schedule C on every transition of digital input 1D.

The following schedule will run whenever digital input 3D receives a low to high (positive/rising) transition:
RA3+E
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x Examples i Counter Event

The following schedule will run on every 100" pulse received on high speed counter input 1C:
RA1HSC(100)

In this case counter 1HSCwill count from 0 to 99 then reset to 0, at which time the schedule will trigger. This means that
if you read the value of 1HSCwithin this schedule then it will generally always read 0.

The following schedule will be triggered on every second pulse received on digital input 1D:
RA1C(2)

x Examples i Serial Channel Event

The following schedule will run if the specific character sequence Pasta8zZ is received on the serial sensor port:
RB1SERIAL"Pasta8zZ"

The following schedule will run each time any string is received on the host port (assuming the port has been configured
for serial channel operation):
RG2SERIAL™

Trigger on Internal Event

L Any change of 1CV
to or from zero

Figure 10: Internal event (CV change) schedule

Report schedules can also be triggered by channel variables (CVs) changing value:

Trigger Action

nCVv Trigger if channel variable NCV changes from zero to non-zero, or vice versa

n+CV Trigger if channel variable NCVchanges from zero to non-zero

ni CV Trigger if channel variable NCVchanges from non-zero to zero

m.. nCV Trigger if any of the channel variables m.. NCV change from zero to non-zero, or vice versa
m.. n+CV Trigger if any of the channel variables m.. NCV change from zero to non-zero

m.. ni CV Trigger if any of the channel variables m.. nNCV change from non-zero to zero

See also Channel Variables (nCV) (P66).
x  Examples

The schedule header
RK6CV

instructs the DT80 to run schedule K upon any change of channel variable 6CV to or from zero.

The schedule header
RA11..13+CV

instructs the DT80 to run schedule A whenever either 11CV, 12CV or 13CV change from 0 to any other value.

Trigger on Poll Command

RAX.. >
LKA poll command from
hast computer ar DTE0 alarm

Figure 11: Polled schedule

Instead of a time or event trigger, the poll trigger (X) can be applied to a report schedule. The schedule will then only run
when it is polled.
The command to poll a schedule is Xs (where s is the schedule letter). This command can be issued:

1 by a host computer, or

1 by an alarm action (see Using an Alarm to Poll a Schedule (P89))
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x  Examples

The schedule
RDX 1..3TK

samples analog channels 1 to 3 as type K thermocouples (1..3TK ) whenever the DT80 receives an XDpoll command
(that is, whenever it receives the character sequence XD) either from a connected computer, or by means of an alarm
action from within the DT80.

x Using Poll Commands with Standard Report Schedules

0 1 - 3 4 S 6 7
RAZM.> [RAZM.> RAZM..> 1 & [p_Am/,
LE*.-ery 2 minutes, | L 3 SRR 15

Additional scan triggered by XA poll command
from hast computer or DT80 alarm

Figure 12: Polling a time interval schedule

A report schedule defined with a time or event trigger can also be polled by its appropriate poll command at any time. For
example, the report schedule
RC5M 1V 2V 3V

normally runs every 5 minutes (5M), but it can also be run at any time by an XCpoll command (from the host computer
or an alarm).

For schedules that have a long interval, this is useful for checking that a sensor is functioning.

Continuous Trigger

. >|m._ >|1uL.. >|m_. >|m._.. >| R >|RA... >|m._.. >m_. >

Received by DTS0

Figure 13: Continuous schedule

Report schedules that run continuously can be created. A continuous schedule will start scanning as soon as job is
loaded onto the DT80, and run until it is stopped (by sending a halt command or resetting the DT80, for example).

Define a continuous schedule simply by omitting the trigger from a report schedule.
x Example 8 Continuous Schedule

Sending
RA 1TK 2R(3W) 3TT

causes the DT80 to scan the specified channels continuously.

Note: The X schedule does not support continuous trigger. The schedule definition RX is equivalent to RXX, i.e. it defines a polled
schedule, not a continuous schedule.

Trigger While
While condition— TRUE
. S Ll
Interval-triggered schedules [RA2M/ ;RAz}LL’}
t t
Event-friggered schedules RBIE.L./\ [RD1C(5) f._/\/\
i t
Poll-friggered schedules ————— RGE. REEL. >
! 7 '
8 t
L 1
ks

Only these schedule instances are
enabled ready for triggering.

Figure 14: Schedule "while" condition
A report schedulebds trigger can be enabl ed @&hiledonditian®l teat
is, trigger only while the external or internal condition is true.
The While condition can be either
1 statesononeormoreoftheDT8006s di gital nDmut channel s (
1 internal conditions specified to the DT80 as states of channel variables:
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While clause Action

:nW Enable schedule while digital input n is high

:n~W Enable schedule while digital input n is low

m.. "W Enable schedule while ANY digital input m to n is high

m.. n~W Enable schedule while ANY digital input m to n is low

:nCV Enable schedule while nCVis non-zero

: n~CV Enable schedule while nCVis zero

:m.. nCV Enable schedule while any of the channel variables n.. mCVare non-zero
:m.. n~CV Enable schedule while any of the channel variables n.. mCVare zero

Note: the colon (: ) is required.
x Examples 8 While Condition
The schedule header

RA1E:2W
instructs the DT80 to run schedule A on every transition of digital input 1 (1E) only while digital input 2 is high (:2W).

The schedule header
RD1S:4~W
instructs the DT80 to run schedule D every second (1S) while digital input 4 is low (:4~W).

The schedule header
RK2H:9W

instructs the DT80 to run schedule K every two hours (2H) while digital input 9 is high (:9W).

The schedule header
RC5M:12CV

instructs the DT80 to run schedule C every 5 minutes (5M) while channel variable 12 is not zero (:12CV).

The schedule header

RF6..8E:5W
instructs the DT80 to run schedule F on any transition of digital channels D6, D7 or D8 (6..8E ) while digital input 5 is
high (:5W).

Immediate Report Schedules

W, SN Ay
ITE.. ;p ITE.. >
e 1

LBcheduIe received by DTE0

Figure 15: Immediate schedule

LSencI * to re-run

Instead of scanning according to time or event triggers, immediate schedules run immediately 8 and once only 8 when
they are received by the DT80.

An immediate schedule is simply a list of input channels, output channels, calculations and/or alarms with no schedule
header (that is, no schedule ID and no trigger). The DT80 executes the list (up to the next carriage return) immediately
and once only.

Note: Any data resulting from an immediate schedule is returned to the host computer, but is not logged.
x Example 8 Immediate Report Schedule

Sending
1TK 2R(3W) 3TT

causes the DT80 to immediately scan analog channels 1, 2 and 3 once only and return the data. Notice that this
schedule has no schedule ID and no trigger.

x  Re-Running an Immediate Schedule

The last-entered immediate schedule can be run again by sending the * (asterisk) command & that is, by sending a *
character. For example:

1..2TK

1TK 31.5 degC

2TK 22.0 degC

*

1TK 34.2 degC
2TK 21.9 degC

UM-0085-B11E
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Statistical Report Schedules

0 1 2 3 4 5 8 1
o - -l | . —— -, - ——— T
RAIM IV(AV‘E)“.> RA3M 1V(AVE).. > RA3M 1V (AVE).. >
O Y

Lt':very 3 minutes F L
I T Y Y e T A e N i Jdd it ddds
——— : \_ ‘Statistical report schedule
Stafistical sub-schedule J \ ‘

samples \ Statistical sub-schedule

Statistical result
returned every 3 minutes

Figure 16: Statistical and report schedules

A report schedule can instruct the DT80 to return statisti
channels. The DT80 does this by

1 scanning its input channels and executing calculations at frequent intervals of time, then
i retaining intermediate values to produce a statistical data summary at longer intervals

There are two schedules involved:
1 The primary statistical data is collected at frequent intervals, which are determined by the statistical sub-
schedule RS

1T The statistical data summary (average, SD,é) is returne
by the report schedule(s) that are requesting the statistical information.

The statistical sub-schedule has its own interval trigger. The default is one second, but you can change that 8 see
Redefining the Statistical Sub-Sc h e d ul e 6(B56)belawg g e r

To return statistical data, include & in any report schedule 8 a statistical channel option for the specific input channels,
calculations, and so on where statistically scanned is required. For example
RA1M 2TT(AV)

will sample a type T thermocouple connected to channel 2 (2TT) once a second (because one second is the default
scan rate for the statistical sub-schedule). Once a minute (RA1N, the average (AV) of these 60 measurements will be
reported and logged.

Notel: Simply including a statistical channel option ((AV) in the example above) invokes the statistical sub-schedule.

Note2: There is no need to include RS, the statisticalsub-s c hedul eds | D, anywhere (unld&see you want
Redefining the Statistical Sub-Sc h e d u | e 6(B56)Tbelowly g e r

For details of the statistical channel options available, see Statistical Channel Options (P75).

x Redefining the Statistical Sub-Sc hedul eds Trigger

The statisticalsub-s chedul eés trigger can be altered from istch eddedlaeaud st
trigger in the same way as for report schedules (see Changing a Schedule Trigger (P58)), by using the RS schedule 1D

and sending aun eR&é nsncahnedd t o t he DT80. | f you donét specify
defaults to once per second. Here are some examples:

Schedule header Instructs DT80 to accumulate specified statistical data

RS10S every 10 seconds
RS1- E on each 1 to 0 transition of digital input 1
RS continuously

x  Statistical Sub-Schedule Halt/ Go
The statistical sub-schedule can be halted by sending the HScommand, and start it again by sending the GScommand.

Important: Because statistical sampling of channels stops the moment the HS command is sent, be aware that the reported statistical
summaries do not include data from this halt period.

See also Halting & Resuming Schedules (P58).
x  Multiple Statistical Information for a Channel
If more than one type of statistical information is required for a channel, then each statistical option must be placed in a
separate channel option list. For example, the channel list
1TT(AV)(SD)(MX)
results in periodic average, standard deviation and maximum data for the 1TT channel.
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x Insufficient Statistical Samples

If no statistical data has been scanned before being reported, then the reported data value will be set to NotYetSet. This
will also occur if insufficient samples have been taken i for example, the standard deviation (SD) option requires at least
two samples to be able to return a value.
This condition may occur when

1 the statistical sub-schedule is event-triggered

1 the statistical sub-schedule has been halted

9 a statistical sub-schedule scan interval is longer than its statistical report scan interval
When using statistical channel options you need to ensure that the statistical and report schedule triggers are selected
such that sufficient statistical samples are taken between each execution of the report schedule.
x Example 8 Statistical Report Schedule
The command

RS10S RA1H 1TT 2TT(AV)(MX)

sets the statisticalsub-s chedul e6s scan rmR&108. to 10 seconds (

The main report schedule returns three temperature readings: a spot reading of channel 1 each hour (RA1H 1TT), and
the average and maximum over the hour from 10-second samplings of channel 2.

Working with Schedules

Entering Schedules into the DT80 (BEGINi END)

Report schedules must be entered into (that is, sent to) the DT80 as a group. Since the schedules and processes that
comprise a job or program often extend over more than one line, you normally enclose them between the keywords

BEGINandENDt o designate the beginning and end of the group.

BEGIN"walrus"
1DSO=1
3CV(W)=2
RA10S
ATT("Oven Temp")
5TT("Flue Temp")
RB1S
2C("Water Flow")
END

A group of schedules such as this is called a job. In the above example, the job has been named "walrus” and
comprises two report schedules, RA (which measures two thermocouples every 10 seconds) and RB (which measures a
counter once a second). Note also the two "immediate" channels (1DSOand 3CV) which are not part of any schedule.
These are executed once only, when the job is entered.

For more details on how jobs are entered and processed, see Jobs (P60).

Triggering and Schedule Order

When different schedules are due to trigger at the same time, the schedules execute in the order of RA RBé R KRX

When there are statistical channels in a schedule and the statistical sub-schedule is due at the same time as the report
schedule, the statistical sub-schedule runs prior to the report schedules. You cannot change this order. Channels within
schedules are sampled in the order of entry (left to right).

For example, consider the job:
BEGIN"cupcake"
RB2S 3V
RA5S 2V(AV)(SD) 1V
RS1S
END
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The channels defined here will be sampled and reported in the following order:

Time Schedule Channel sampled Channel reported/ logged

S 2V -
A - 2V(AV)

12:00:00 A - 2V(SD)
A v v
B 3V 3V

12:00:01 S 2V * -
S 2V * -

12:00:02
B 3V 3V

12:00:03 S 2V * -
S 2V * -

12:00:04
B 3V 3V
S 2V * -

oo0s A - 2V(AV) average of the 5 samples marked *

o A - 2V(SD) standard deviation of the 5 samples marked *

A 1v 1v
S 2V -

12:00:06
B 3V 3V

As can be seen in the above example, when multiple schedules are due at the same time, they execute in a fixed order
governed by their identifier (A, B, etc.) T regardless of the order in which they are specified in the job. Channels,
however, are sampled/reported in the order in which they appear within a schedule definition (e.g. 2V before 1V in the
above example).

Changing a Schedule Trigger

The schedul ebs trigger can bendingéaewscleeduledDandariyger withoumany chanmep | y b )
definitions. For example, suppose a schedule had been defined as follows:
RA10M 1V 2DS

This will measure a voltage and a digital input every 10 minutes. If you then send:
RA10S

the schedule will then, from that point on, measure every 10 seconds.

Important : If any channel definitions are included on the same line (e.g. RA10S 2V) then this will be interpreted as a whole new job
being entered, which will replace the currently running job.

Halting & Resuming Schedules

Schedules can be halted individually or as a group using the following commands:

Command Function

H Halt all schedules
HA HBé HK HX Halt RAé RXschedule
HS Halt the statistical sub-schedule (see Statistical Sub-Schedule Halt/ Go (P56))

Schedules can then be resumed ("GOed") individually or as a group:

Command Function

G Resume all schedules
GA GBé GK GX Resume RAé RXschedule
GS Resume the statistical sub-schedule (see Statistical Sub-Schedule Halt/ Go (P56))

Executing Commands in Schedules

It is important to distinguish between commands and channel definitions. Commands (e.g. H, /S, P11=60, DIRJOB,
COPYetc.) are always executed once only, immediately they are received i even if they appear to be within a schedule
definition.
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For example, if you enter
RA1+E 1V HB SATTN 4CV=4CV+1

you might expect that when the schedule was triggered (by a positive going edge on digital input 1) it would measure a
voltage (1V), halt schedule B (HB), switch on the Attn LED (SATTN and increment a channel variable (4CV=4CV+)).

In fact, the HBand SATTNwill execute once only, when the job is entered. The 1V and 4CV=4CV+1are channel
definitions, so they will execute each time schedule A is triggered.

To execute commands within a schedule, the DOconstruct can be used. This is actually a special case of the ALARM
statement (see Alarms (P81)) i one where the condition is always true. The syntax is the same as ALARMexcept that
there is no test condition.

So if the above job was rewritten as:
RA1+E 1V DO{HB SATTN} 4CV=4CV+1

then the following actions would be performed each time schedule A is triggered:
M Channel 1V is measured, then channel variable 4CVis incremented

1 The commands HBand SATTNare queued for execution. They will be actioned "as soon as possible" i once
all schedules that are currently due have completed, and any previously queued commands have been
executed.

Note: it is not possible to interleave the execution of commands and channels within a schedule. Channels are always performed first;
commands are executed a short time later.

Commands can also be executed conditionally, using the IF construct, e.g.
RA1IM IF(1CV>3.57){XB}

will test the value of 1CV once a minute. If it exceeds 3.57 then schedule B will be triggered.

For more details on ALARMIF / DOsyntax and usage, see Alarms (P81).

Time Triggers 8 Synchronizing to Midnight

Time triggers for report schedules function in two different ways depending on the setting of the synchronize-to-midnight
switch (/s or /S, see (P258)).

x  Synchronize-To-Midnight Switch Enabled

If the synchronize-to-midnight switch is enabled /S, t he DT8006s default), the interval s
are synchronized to the previous midnight.

When a time-triggered schedule is entered, the schedules first run on the next multiple of the interval since last midnight,
and subsequently run on every multiple of the interval thereafter.

If the interval is not an even multiple of 24 hours, the DT80 inserts a short interval between the last run of the schedule
prior to midnight and the next run of the schedule at midnight.

For example, if you send the schedule

RA10H
to the DT80 at 06:00:00, it first runs at 10:00:00 (4 hours since entry, but 10 hours since midnight) and then at 20:00:00
that day; then at 00:00:00, 10:00:00 and 20:00:00 the next day; and so on.

If you enter an interval longer than 24 hours then the interval is rounded down to the nearest multiple of 24 hours. So if
the schedule

RA50H
was entered at 09:00 Monday morning then the schedule will first run at 00:00 Wednesday morning, then every 48 hours
thereafter.

x  Synchronize-To-Midnight Switch Disabled

If the synchronize-to-midnight switch is disabled (/s ), the schedules run at intervals relative to the time that the
schedule is entered. For example, if the same RA10Hschedule is sent to the DT80 at 09:30:00, it first runs at 19:30:00
that day; then at 05:30:00 and 15:30:00 on the next day; at 01:30:00 and 11:30:00 on the following day; and so on. That
is, every 10 hours of elapsed time.

Note that the base time (the time at which the specified schedule interval begins) is reset whenever:
1 the schedule rate is changed, or
1 the schedule is restarted (using the Gcommand), or
1 the system time is changed (using the D=, T= or DT commands)
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Part D1 Jobs

What is a Job?

A job is a collection of related schedule definitions and commands which together configure the DT80 to perform a
particular data logging task.

Several different jobs can be stored on the DT80's internal file system, but only one can be active at any one time. Each
job has its own separate data/alarm storage area. Jobs are identified by their job name, which is a user-defined string of
up to 8 characters. If a job name is not specified when the job is entered, the default name UNTITLED is used.

When the DT80 is first started or reset, there is no active job. The logger is idle and No current job is displayed on
the LCD to indicate this.
To make the logger do something useful, you need to either:
1 enter anew job, or
1 run (load) an existing job
Once a job has been entered or loaded successfully, it becomes the currently active job and its name will be displayed

on the LCD. If you then enter or load a different job, all schedules and channels defined by the original job are cleared
and replaced by those of the new job.

Entering a Job

To enter a new job you send the required commands and schedule definitions to the logger using one of the
communications ports (USB, Ethernet or RS232), or by placing the commands in a file on a USB memory device and
plugging it into the logger. Once the complete job has been entered, the DT80 will automatically store the job in its
internal file system and activate it.

To begin entering a new job, the BEGIN command is used. This command:
1 Causes the currently active job to be cleared. All defined schedules will stop running.
1 Specifies the name of the new job, e.g. BEGIN"GOOSE"indicates that the new job will be called "GOOSE".
(Just BEGIN by itself is equivalent to BEGIN"UNTITLED" ).

1 Places the DT80 in "job entry mode". After each line of the job is entered the DT80 will output a job> prompt,
rather than the usual DT80> prompt.

As each line of the job is entered the DT80 executes any commands or immediate channels that it finds. Report schedule
definitions, including their constituent channel definitions are recorded but they are not activated just yet.

The ENDcommand marks the end of a job. At this point all schedules defined within the job are activated, and the DT80

is no longer in job entry mode. If an error occurs during job entry, the DT80 will clear all schedule/channel definitions and
ignore the remainder of the job, up until the ENDcommand is seen.

Notel: In some circumstances the DT80 will not allow a new job to be entered:

1 If the "fix schedules" switch (P258) is active (/F ) i this prevents any change to the currently active job. (Use /f
command to allow the current job to be changed).

1 If a different job with the same name already exists, and it has been locked using the LOCKJOB'Jobname"
command i this prevents a stored job being accidentally overwritten. (Choose a different job name, or unlock
the existing job using UNLOCKJOBjbbname™ ).

1 If a different job with the same name already exists, and it has logged data or alarms i this prevents data from
different jobs (which happen to have the same name) from being mixed up in the one data file. (Choose a
different job name, or delete the existingj o b 6 s DHLDI n g

Note2: An error message will be returned if you attempt to send more than 1023 characters on a single line.

Single Line Jobs

As a shortcut, it is also possible to enter a job simply by entering one or more schedule definitions all on one line, e.g.:
RA1S 1TK

The above is then equivalent to:
BEGIN"UNTITLED" RA1S 1TK END
that is, it will create a new job called "UNTITLED".

Note: entering just a schedule trigger (with no channel definitions after it), e.g.
RA2S

does_not create a new job i it simply changes the trigger condition for the currently defined A schedule (if any).

It is recommended that, for clarity, BEGIN and ENDare always included explicitly when entering a job.
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Loading an Existing Job

The DT80 can also read job text from a file stored in its internal file system and automatically enter it. This job will then

become the current active job, replacing whatever was previously the current active job.

A new job may be loaded when:

1 the RUNJOBjobname" command is issued. This will read the job from the file
B:\ JOBS jobname\ PROGRAM.DXC
1 the DT80 is reset. By default, the previously active job will be loaded (See Startup Job (P63))
1 A USB memory device is inserted. If a file A: \ ONINSERT.DXCor A: \ serialnum\ ONINSERT.DXCis

present then any commands therein will be executed. These may include a job definition, in which case the job
will become the current active job. (See ONINSERT Job (P63))

Job Structure

A typical DT80 job is shown below (the line numbers are for reference only and are not part of the job):

1 BEGIN"Boiler01"

2 ' No. 1 Boiler monitoring job for DT80 03 - Dec- 2005
3 Inlu/Sle

4 pP22=44

5 Y10=4.5,0.312"kPa"

6 S$1=0,50,0,100"L/m"

7 1DSO=0 ' Enable sensor power relay

38 RS5S

9

10 RB1M 2..3TT("Temp")

11

12 RC(DATA:NOV:365D)15M 1V(Y10,AV) 4#L(S1,AV)

13

14 RK10S

15 ALARM1(1V(Y10)>2.25)3DSO

16 ALARM1(4TT>110.0)3DS0O,1CV " Over Temp ?"{RB5S}"
17

18 LOGON

19 END

Note the following salient points:

1 Line 17 the BEGIN command tells the DT80 to clear the current job and prepare to receive a new one.

1 Line 271 anything following a single quote character (up to the end of the line) is considered a comment and is
ignored. Blank lines are also ignored.

1 Line 3-71 the first part of a job normally consists of commands to set switches and parameters, define
polynomials and spans, and evaluate any immediate channels.

1 Line 87 this line sets the scan rate for the statistical sub-schedule. All channels which include a statistical
channel option, i.e. 1V(AV) and 3#L(AV) , will therefore be scanned every 5 seconds. The measured values
will not be logged or returned; they will only be used for accumulating the average values.

1 Line 107 defines the B schedule (measure two thermocouples once per minute).

1 Line 1271 defines the C schedule (report pressure and flow rate values, averaged over a 15 minute period. Note
the use of a polynomial (Y10) to convert the measured voltage in mV to pressure in kPa. Similarly, a span is
used to convert a current loop % value to a flow rate in I/m.)

1 Line 14-16 1 define the K schedule (every 10s check pressure and temperature against limits. If pressure
exceeds 2.25kPa then set digital output 3 to LOW (active); if temperature exceeds 110°C then set digital output
3to LOW, set 1CV=1, output and log an "Over Temp" alarm string, and change the scan rate of schedule B to
5s.)

1 Line 181 enables logging for all schedules (by default logging is disabled)

1 Line 197 marks the end of the job; all schedules will now be activated.
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Job Commands

A number of commands are provided for managing jobs on the DT80.

Listing Job Names

The DIRJOBS command lists the names of all jobs stored in the DT80 internal file system, e.g.
DT80>DIRJOBS
FRED
*GEORGE
+ RON
+ GINNY
UNTITLED

An asterisk (*) indicates the currently active job, if any. Locked jobs are indicated by a plus sign (+).

The CURJORBommand simply displays the name of the current active job, e.g.
DT80> CURJOB
GEORGE

Specifying Jobs
The following commands act on a specific job or jobs. To specify the job you can enter a jobspec parameter after the
command, where jobspec can be either:
1 ajob name in double quotes, e.g. "FRED", or
1 an asterisk (*), which will apply the command to all stored jobs, or

1 nothing, in which case the command will operate on the current active job (an error message will be reported if
there is no currently active job).

Showing Program Text

To show the commands which define a job, use SHOWPR@Bspec, e.g.
DT80> SHOWPROG"RON"
Job Program 1 RON
BEGIN"RON"
RA1S 3TT 1DS
END

Locking Jobs

If a job is locked then its program text cannot be deleted or overwritten. To lock a job use the LOCKJOBbspec
command; to unlock use UNLOCKJOBbspec, e.g.:

DT80> LOCKJOB*

Locking Job FRED i Done

Locking Job GEORGE 1 Done
Locking Job RON i already locked
Locking Job GINNY I already locked
Locking Job UNTITLED i Done

Deleting Jobs
The DELJOBobspec command can be used to delete a job from the DT80's internal file system.
However, this command will fail and the job will not be deleted if any of he following apply:
1 the job is the current active job and the /F (fix schedules) switch is set (use /f to turn this switch off)
1 thejobis locked (use UNLOCKJOBo unlock it)
1 the job has logged data and/or alarms (use DELDto delete them)

Managing a Job's Logged Data and Alarms
The following commands allow you to manage the data and alarms logged by a job:
1 LISTD lists details of the number of logged records and the associated time range

1 COPYDs used to unload data and/or alarms i that is: read data from one or more store files, transform it to the
selected format (e.g. CSV), and output it to the currently active comms port, or a file, or an FTP server

1 DELDwill delete a job's logged data and/or alarms respectively.

For more details on these commands, see Logging and Retrieving Data (P93).
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Startup Job

The DT80 can automatically load a user-defined job every time it is restarted by a hard reset (HRESET command or
power failure or pressing the manual reset button). This allows the DT80 to operate as a dedicated instrument.

The DT80's behaviour following a hard reset is controlled by the following profile setting:
PROFILE STARTUP RUN

There are three possible settings for this profile:
1 CURRENT_JOB the DT80 will reload the job that was active prior to the reset (if any). This is the default.
1 NONE no job will be loaded following hard reset
1 Jjobname i the specified job (if it exists) will be loaded following hard reset.

If a "triple push” reset is performed (see Safe Mode (P270)) then the configured startup job will not be loaded.

ONINSERT Job

When a USB memory device is inserted into a DT80, the DT80 first looks for a file on the USB device hamed
A: \ serialnum\ ONINSER.DXC, where serialnum is the serial number of the DT80 (e.g. SN80322). If found, the
commands in this file are entered into the DT80 exactly as if they had been received via a comms port.

If the above file is not found, the DT80 looks for a command file in the root directory, i.e. A:\ ONINSERT.DXC if found
it is loaded into the DT80 in the same way.

If the USB device contains a suitable ONINSERT.DXCfile, a prompt (Run ONINSERT?) will be displayed on the LCD to
give you an opportunity to prevent it running. Press OK/Edit to immediately run the ONINSERT job, or any other key to
prevent execution. If no key is pressed within 5 seconds then the ONINSERT job will be run.

This auto-programming function means that a single USB memory device can be inserted into a number of DT80s, one
at a time, and either:

1 automatically program all the DT80s with the same job & if no serial-number-specific subdirectories containing
ONINSERT.DXCsfiles exist on the USB device and an ONINSERT.DXCfile exists at the root level, or

1 automatically program particular DT80s with their own specific job 0 if serial-number-specific subdirectories
containing ONINSERT.DXCsfiles exist on the USB device, or

i carry out a combination of these two options 8 DT80s that do not find a subdirectory named with their serial
number automatically load and run the “standard” ONINSERT.DXCfile at the root level, and DT80s that find

their specific subdirectory automatically load and run the "specific* ONINSERT.DXCfile found there.

These files are typically created by inserting the USB memory device into a PC and copying the required program files to
the required directories.

Alternatively, the DT80 command:
RUNJOBONINSERT8bname"

can be used to copy the specified job's program text to A: \ serialnum\ ONINSERT.DXC

Similarly,
RUNJOBONINSERTALLBbname™
will copy the specified job's program text to A: \ ONINSERT.DXC

To delete the ONINSERT.DXC files from the inserted USB memory device, you can use the
DELONINSERT

and
DELONINSERTALL

commands.
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Part ET Manipulating Data
Scaling

Most DT80 channel types automatically scale measured values so that the returned values are in appropriate
engineering units. For example, the thermocouple channel types (e.g. TK) automatically apply the appropriate scaling
polynomial so that the data is returned in °C. However, a number of additional facilities are provided for applying custom
scaling or corrections:

1 channel factor

spans
polynomials
thermistor scaling
intrinsic functions

= =4 —a -8 -

expressions

Channel Factor

For many channel types, the channel factor (a channel option consisting of just a floating point number) can be used to
provide a simple multiplication factor. See A Special Channel Option 8 Channel Factor (P41).

For example, if a high voltage is being measured using an external 12.5:1 voltage divider then the following channel
definition:

1vV(12.5)
will multiply the raw reading by 12.5 so that the returned value reflects the actual voltage.

Note: for some channel types the channel factor performs a special function, and therefore cannot be used as a scaling factor. In these
cases a span should be used (see below). For example, if you are measuring a frequency which has passed through a 100:1 prescaler
then you will need to use a span to scale it.

Spans (Sn)

A span transforms a measured signal value (e.g. mV) into the corresponding physical value (e.g. kPa) using a straight
line function:

Physical range
(°C, for example)
A

Upper —
physical

Lower —
physical

__ Signal range
(mV, for example)

[ |
Lower Upper
signal signal

Figure 17: Span coordinates

A span must be defined before it is applied. This is normally done at the start of a job, before any schedules are defined.
The syntax is as follows:
Sn=a, b, ¢, d" units"
where:
1 nisthe poly/span number (1 to 50), which is used simply to distinguish one span from another. Note that a span
and a polynomial cannot have the same number.

1 aand b are the physical coordinates of two points on the calibration line (reported or output values)

1 cand d are the signal coordinates of two points on the calibration line (measured or input values). If not
specified, 0 and 100 are assumed.

1 units replaces the channel's default units text

Spans are particularly suited to 471 20mA current loop inputs. The following defines a span suitable for a current loop

sensor that measures pressure in the range 0-300kPa:
S2=0,300"kPa"
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Notel: in this case the default signal coordinates (0 and 100) are used, because the L (current loop) channel type returns a value in the
range 0-100%.

Once defined, a span may be applied to any number of channels in any schedules or alarms using the Sn channel
option.

In the following example, two of the above current loop pressure sensors are used, plus a frequency input which passes
through a 10:1 prescaler (frequency divider):
BEGIN"MONKEY"
S$1=0,10,0,1"Hz" ' multiply measured freq by 10
S2=0,300"kPa" 'scale O -100% to O - 300kPa
RA10S 1#L(S2,"Inlet") 2#L(S2,"Outlet") 4F(S1)
END

This will return data in the form:
Inlet 23.9 kPa
Outlet 119.0 kPa
4F 3920 Hz

Note2: for the F channel type the channel factor indicates the sample period, so it cannot be used as a scaling factor. A span is
therefore used instead.

A span can also be applied in reverse, using the SR channel option. Thus
S1=0,100,32,212 1CV(S1)

is equivalent to
S1=32,212,0,100 1CV(SR1)

Polynomials (Yn)

Polynomials are used to define calibrations for non-linear sensors. Each defined polynomial can have up to six
polynomial coefficients.

The DT80 evaluates a polynomial according to the formula
» Q Qo Qo Qo Qo Qo
where x is the raw channel rtermasd i ng, and the koés are coef fic
A polynomial is defined in a similar way to a span:
Yn=ko, ki, k2, k3, k4, k5" units"

where:
1 nisthe poly/ span number (1 to 50), which is used simply to distinguish one polynomial from another. Note
that a span and a polynomial cannot have the same number.
1 kO é ard&the polynomial coefficients. If not specified, a coefficient value of zero is assumed

T units replaces the channel's default units text

The required coefficients may be supplied by the sensor manufacturer, or they may be determined from a calibration
curve or from measured data points using a least squares regression technique. Various statistical programs are
available for this purpose.

Once defined, a polynomial may be applied to any number of channels using the Yn channel option. For example:
Y1=23.5,0,0.987"deg C"
RA1IM 1V(Y1) 2V(Y1)

Thermistor Scaling (Tn)

The DT80 has channel types (e.g. YS03) for many 2-wire thermistors manufactured by MEAS (formerly Yellow Springs
Instruments). For other thermistor types, the DT80 supports thermistor scaling & the conversion of a resistance reading
to a temperature. The DT80 does the conversion from resistance to temperature using

y P
®w wllY oll
To apply thermistor scaling, firstly obtain the constant terms a, b and ¢ from the thermistor manufacturer, then define a
thermistor conversion in a similar way to a polynomial or span:

Tn=a, b, c" units"
where:

1 Tis the temperature, in Kelvin (K)

1 nisthe thermistor conversion number (1 to 20), which is used simply to distinguish one thermistor equation
from another.
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1 a, b, c are the constants from the above thermistor equation. If not specified, a coefficient value of zero is
assumed

9 units replaces the channel's default units text

Once defined, a thermistor conversion may be applied to any number of resistance channels using the Tn channel

option. For example:
T1=26.5,1.034,8.77e - 3"K"
RA1IM 3R(T1,"Solvent temp")

See also Temperature i Thermistors (P312).

Intrinsic Functions (Fn)

The DT80 has seven inbuilt and mutually exclusive intrinsic functions that may be applied as channel options. The
intrinsic functions available are

F Description Text Modifier
F1 1/x inverse (Inv)

F2 [o% square root (Sart)
F3 Ln(x) natural logarithm (Ln)

F4 Log(x) base ten logarithm (Log)
F5 Absolute(x) absolute value (Abs)
F6 X * X square (Squ)
F7 Gray code conversion (16-bit) (Go)

The text modifier is appended to the channel's default units string. If a channel's units string has been explicitly set (using
the " name~units" channel option) then no modifier is appended.

For example, the channel definition
1V(F2) 2F(F1,"period~sec")

will return data in the form:
1V 455.7 mV (Sqrt)
period 1.7 sec

Combining Scaling Options

The span (Sn), polynomial (Yn), thermistor (Tn) and intrinsic function (Fn) channel options are all mutually exclusive. If
more than one are specified then only the last one will be applied.

Channel variables and Expressions (P69) can be used if multiple scaling operations need to be combined.

Calculations
Channel Variables (nCV)

Channel variables (CVs) are memory locations (registers) for holding and manipulating floating-point data. The DT80 has
1000 channel variables, identified as 1CV to 1000CV.

All channel variables are reset to 0.0 when the DT80 is reset (HRESET or cleared (INIT ).

Reading Channel Variables

A channel variable behaves in much the same way as any other channel type. Its value may be read (i.e. returned and/or
logged) by including the appropriate nCV channel definition in a schedule. For example, sending
12Cv

will immediately return the value of channel variable #12, while
RA10S 1..5CV

will report the values of 1CV through 5CV every 10 seconds.
If a CV is being used for holding an intermediate value then you would normally use the Wchannel option to make it a
working channel (which is neither returned nor logged).

Setting Channel Variables

A channel variable's value may be set in several different ways:
1 the CVis set to the value of an expression, i.e. nC\=expression
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1 any channel's value (e.g. a measured temperature) may be assigned to a channel variable by using the =nCV
channel option

9 certain special channel options (e.g. histogram) return multiple data values, which are written to a specified
range of channel variables. See Multi Value Statistical Options (P77).

1 data values read from a serial sensor using the generic serial channel type (nSERIAL) may be assigned to
CVs. See Generic Serial Channel (P343).

1 CVscan be set or read by an external Modbus master device. See Modbus Interface (P173).

1 CVs can be configured to follow the state of an alarm (e.g set to 1 if the alarm is active, 0 if it is not). See Alarm
Digital Action Channels (P84).

x  Expressions

Some examples of using expressions to set CVs:
1..20CVv=10.2 initialise multiple CVs
RA1S 1V 9CV=9CV+1 count the number of measurements taken
5CV(W)=3CV*SIN(21CV)+2CV*COS(21CV)

See also Expressions (P69).

x =nCV Channel Option

The =nCV channel option allows a channel value to be assigned directly to a CV, typically so it can then be used in
further calculations.

This can be used to apply a complicated linearisation equation, e.g.:
1V(=2CV,W) 2CV(S9,"temp~K")=2CV/(LN(2CV+1))

This will measure a voltage and assign it to 2CV (note the W option i we are not interested in logging/returning the raw
voltage value). The value in 2CV is then plugged into the specified expression and the result stored back in 2CV. Finally
a span (S9, which must have been previously defined) is applied and the result is returned with appropriate name and
units.

An arithmetic operator may also be applied during the assignment, as follows:

Channel Option Action

=nCV NCV= channel value
+=nCV nCV= nCV+ channel value
-=nCV NnCV= nCV- channel value
*=nCV NCV= nCV* channel value
/= nCV nCV= nCV/ channel value

These allow a CV to be used as an accumulator, e.g.:
RA1M 3C(+=2CV) 2CV("Total")

will report the number of counts received in each one minute period, plus the total counts, i.e.:
3C 192 Counts
Total 192

3C 77 Counts
Total 269

Storage Precision

Channel variables may be used to store values with magnitudes from 10-38 to 1038. However, it is important to be aware
that values are stored with 24 bits of precision, or approximately 7.25 significant digits when written in decimal form. This
means that whenever the DT80 displays a value, it will only be accurate to 7 significant digits. The 8th digit can be used
to distinguish values which are close together, but its value may be out by a few counts. Any changes in the 9th or later
digits will not be reflected in the stored value.

This is particularly noticable when incrementing large integer values. For example:

1CVv=3600000
RA1S 1CV=1CV+1
1CV 3600000.0
1CV 3600000.8
1CV 3600002.0

In this example 8 significant digits are being displayed, so the last one is not accurate. It would be better in this case to
not display any decimal places, i.e. 1CV(FF0)=1CV+1 .

Once the magnitude of the CV value exceeds 224 (16,777,216), adding one to it will no longer cause its value to change.
A consequence of this is that if you manually count something using a channel variable (e.g. 1CV=1CV+1]) then it will
stop counting once its value reaches 16,777,216. Note that this only applies to manual counting using CVs i hardware
and software counters (HSCand C channel types) can count over the full 32-bit range.
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If you need a CV to count beyond 16,777,216 then you will need to use two CVs to hold the count value, e.g.:
1CV=1CV+1 IF(1CV>1000000){2CV=2CV+1 1CV=0}

Naming Channel Variables

As with any other channel type, CVchannels can be given name and units strings using the " CVname~Units" channel

option.
The command
NAMEDCVS
will return a summary of all CVs that have been explicitly named, e.g.:
CV'S CV Name Value Units
5A Temp 89.1 Deg C
1A Speed 23.4 m/s

(The "S" column is the schedule identifier)

Calculation Only Channels

If you need to return a calculated value then a channel variable is often used, e.g.:
9CV("sum")=1CV+2CV+3CV

However, if you are just logging the result of this expression, and are not going to do any further calculations with it, then
there is no point storing the result in 9CV.

The CALCchannel type is a better choice here. An expression can be assigned to it, and the result will be logged in
exactly the same way as a CV. The only difference is that it does not actually copy the result to any particular channel
variable.

For example:
CALC("sum™)=1CV+2CV+3CV

Reference Channels

A reference channel is used to reference the value of another channel, which is identified by name. In this way a
measurement can be used is multiple places without having to assign it to a channel variable.

To define a reference, use an ampersand followed by the name of the channel whose value you wish to reference, i.e.
&channel. For example:
RA1S 1V &1V

In this (not very useful) example a voltage is measured once but reported twice T once by the original channel and once
by the reference to the channel.
x  Names

If the "source" channel has a user-defined name then it must be used when defining a reference, e.g.:
RA1S 1V("Voltagel2") &Voltagel2

If the source channel's name has spaces or special characters (anything other than A-Z, 0-9, or _) then it should be
enclosed in quotes, e.g.
RALS 1V("Voltage no. 12") 1+TK &"Voltage no. 12" &"1+TK"

Note: name comparisons are not case sensitive, so &BIG is a valid reference to 1R("big")

If there is more than one source channel with the same name (a practice that is not recommended) then the reference
will refer to the first one defined. e.g.:
RA1S 1V("a") 1R("a") &a

defines a reference to the voltage, not the resistance.
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x  Options

A reference channel is a channel in its own right so, like any other channel, it can have its own channel options.
However, because a reference channel does not physically measure anything, sampling options will not be applicable. It
can have reporting options, e.g.:

RA1S 1V("Voltagel2") &Voltagel 2(Y1,"Pressurel2~kPa")

In the above example a voltage based pressure sensor is sampled. Both the raw voltage and the pressure (calculated by
applying polynomial Y1) are returned.

Reference channels inherit their data type (integer or floating point) and default units from the source channel. For
example:

1C &1C

1C 210 Counts

&1C 210 Counts

The reference channel's units can of course be overridden:
1C &1C("~Woozles")
1C 210 Counts
&1C 210 Woozles

x  Sampling
For a reference channel that is included in a schedule, the source channel must be defined somewhere in the job. The

source channel does not need to occur before the reference to it, but it must be somewhere between the BEGIN and
END

If a source channel is defined in the immediate schedule, then references to it can only be included in the immediate
schedule (not any other schedule), and they must occur later on the same command line. If the source channel has not
been sampled at the time that the reference channel is sampled then the reference channel's value will be NotYetSet

Note: that references are read-only; an expression can not be included, e.g.:
&1CV=1 "error

x  Expressions

References can be included in expressions. For example:
1CV=(&1TK+&2TK)/2

will calculate the mean of two previously sampled temperatures.

Examples

Some of the applications of reference channels are listed below. Many of these could also be done using channel

variables, but using references is generally clearer and more efficient.

x Same reading scaled two ways

The following will log the same reading in both degrees Celsius and Fahrenheit
S1=32,212,0,100"degF" 1TK(FF2) &1TK(S1,FF2)

x  Multiple statistics from the same raw data

The following will calculate two different averages from the same raw data
RS1S RA10S 1TK(W)(AV,"10s_ave") RB1M &1TK(AV,"1min_ave")

x  Testing one reading in multiple alarms

In this example a temperature is sampled once but then tested in three different alarm conditions.
1TK("indoor")
IF(&indoor<19)"too cold"M" J"
IF(&indoor><19,27)"niceM"J"
IF(&indoor>27)"too hot*M"J"

x  Manually Poll Most Recent Sample

References allow you to make an ad hoc query for the most recent value of a channel that is being regularly sampled.
BEGIN"zoo" RA1IM 1TK END
&1TK

Expressions

The DT80 has a powerful expression evaluation capability, allowing measured values to be manipulated using a variety
of mathematical and logical operations.

An expression consists of one or more operands which are manipulated using operators to produce a numeric result.
The result of an expression can be assigned to any of the channel types identified as "writable" in the table of Channel
Types (P33). Expressions cannot contain any spaces.
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Operands:
1 An expression operand can be either

1 anumeric constant, e.g. 27 or- 2.95 or 2.222e - 6 or Ox3fff  (hexadecimal)
1 one of the special constants Pl (3.1415927) or E (2.7182818)

1 achannel variable, e.g. 17CV

1 areference to another channel, e.g. &1 TK or &"Reactor Temp"

1

a sub-expression in parentheses, e.g. (1CV+1) or (COS(D2R(3CV))+1) . The sub-expression will be
evaluated first and the result will become the operand.

Operators

The following operators are supported. In the following table the placeholders x, y, etc. can be any of the operand types
listed above.

Operator Description Type
X+y addition *
X-y subtraction *
xX*y multiplication *
xly division F
XNy X raised to power y F
x%y x modulo y (remainder after division) *
X<y 1 if x less than y, otherwise O |
X<=y 1 if x less than or equal to y, otherwise 0 |
x>y 1 if x greater than y, otherwise 0 |
X>=y 1 if x greater than or equal to y, otherwise 0 |
X=y 1 if x equals y, otherwise 0 |
xXl=y 1 if x equals y, otherwise 0 |
XANDy 1if x is non-zero and y is non-zero, otherwise 0 |
XOR/ 1 if x is non-zero or y is non-zero, otherwise 0 |
XXOR/ 1 if x is non-zero or y is non-zero but not both, otherwise 0 |
ar?x:y X if a is non-zero, otherwise y *
- X negative x *
NOTX 1if x is zero, otherwise 0 |
ABS(x) absolute value of x &
SQRT(X) square root of x F
LOG(x) base 10 logarithm of x F
LN(x) base e logarithm of x F
SIN( x) sine of x (x is in radians) F
COS(x) cosine of x (x is in radians) F
TAN(X) tangent of x (x is in radians) F
ASIN( x) arcsine of x (result is in radians) F
ACOS() arccosine of x (result is in radians) F
ATAN(X) arctangent of x (result is in radians) F
Sn( x) apply span #n F
SR( x) apply reversed span #n F
Yn( x) apply polynomial #n F
Tn( X) apply thermistor scaling #n F
Fn( x) apply intrinsic function #n F
D2R(x) x [ 57.29576 (convert degrees to radians) F
R2D(x) X *57.29576 (convert radians to degrees) F
XY2MAGE, V) convert rectangular coordinates X,y to polar magnitude coordinate F
XY2DIR( X, V) convert rectangular coordinates x,y to polar direction coordinate (in radians, 0-2 * ) F
MAGDIR2X(mag, dir) convert polar coordinates mag,dir to rectangular x coordinate (mag in radians) F
MAGDIR2Y (mag, dir) convert polar coordinates mag,dir to rectangular y coordinate (mag in radians) F
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Data Types
x Integers and Floating Point

DT80 channels can return either a 32-bit signed integer or a 32-bit floating point value. Digital and counter channels
return an integer value; most other channel types return floating point values.

The Type column in the above table indicates the data type that results from applying the specified operator. Operators
marked F always result in a floating point value, operators marked | result in an integer, and operators marked * result in
a floating point value if either of their operands is a floating point value. Note that a numeric constant is considered to be
an integer unless it has a decimal point or exponent.

Note however that channel variables can only hold floating point values. Thus if an expression result is assigned to a
channel variable then it will always be converted to a floating point value. This is not the case for a CALC channel,
which can return either an integer or a floating point value.

x  Error Values

If an operand has an error value (e.g. overrange) then the result of any operator will also be an error value. For example,
CALC=&1V/1000

will return a value of OverRange if the original 1V measurement that is being referenced was overrange.

Operator Precedence

Each operator is assigned a precedence level, as follows:

Precedence Level Operators

1 (highest) - (negative)

2 N

3 * 1, %

4 +, - (subtract)

5 g =5 = 55>
6 AND OR XOR NOT
7 (lowest) ?:

When an expression contains more than one operator then the operator with the highest precedence is evaluated first. If
the operators have equal precedence then they are grouped left to right 7 with the exception of ?: , which is grouped
right to left. Parentheses may be used to create sub-expressions and thereby alter the order of evaluation.

Examples:

Equal precedence operators are grouped left to right:
3CV=7- 2+3 '=(7 -2)+3=8

...except for ?:, which are grouped right to left:
3CV=170:273:4 '=170:(2?3:4) =0

Changing evaluation order using parentheses:
4CV=1.5+2*3"2 'ACV =195
4CV=(1.5+2)*3"2 '4CV =31.5
4CV=((1.5+2)*3)"2 '4CV = 110.25
Negative and subtract operators are different:
2CV=5"2 ‘'negative: 2CV = 25
2CV=0- 5"2 'subtract: 2CV = -25

Logical Expressions

The selection operator (?: ) is the easiest way to select either one value or another based on a conditional. For example,

the following will set a channel to 999 if it is outside the range 0..100:
2CV=((2C V<0)OR(2CV>100))?999:2CV

To select between three or more alternatives you can nest the selection operators. For example, to return -999 for under
range and 999 for over range you could use:
2CV=(2CV<0)? - 999:((2CVv>100)?999:2CV)

Combining Methods

The different scaling and calculation methods can be used together. The following comprehensive examples are the best
way to demonstrate.
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x  Example 1

In this program, a vector average is calculated, because it is not meaningful to numerically average wind direction
angles. The inputs are wind speed and direction.

x  Example 2

This program scans ten channels and calculates a cross-channel average.
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Running Average

A running average is a calculation to analyse data points by creating a series of averages of different subsets of the full
data set. Is also called a moving mean or rolling mean and is a type of finite impulse response filter. Running average is
used to smooth data by remove short term trends or noise from the data thus revealing longer term underlying trends

= e 0 2

Figure 18: Running Average as depicted in a chart

The DT80 Can be to used to generate a running average of channel samples.
1 It buffers specified number of channel samples and will calculate the Running average

1  Subsequent channel samples will be added to the running average by removing the earlier samples and by
keeping the sample size specified by the user

1 Buffered sample can be reset at any time using the DELRSTATcommand

The format for Running average channel option
1TK(RAVN)
where

1 nis the buffer sample size (vary from 1- 3600)

Maximum of 100 channels with running averages can be added.
x  Example

to create a running average of a temperature channel with a sample size of 100 and reset the buffer manually.
BEGIN"RAVG"
RASS
1TK("RUNNING AVERAGE",RAV100)
RBX
DO"CLEAR"{DELRSTAT}
LOGON
END

The Configuration will return Not YetSet until it collects 100 samples
Running Average NotYetSet (R.Ave)
Running Average NotYetSet (R.Ave)

Once it collects the sample set the running average value displayed
Running Average 23.9 (R.Ave)
Running Average 23.9 (R.Ave)

Sampled values can be cleared by triggering schedule B in the above configuration
XB
DT85> Running Statistics Cleared
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Derived Quantities

The DT80 can automatically compute various commonly used derived quantities such as differences, rates of change,
pulse widths and so on. These are calculated by including the appropriate channel option, as detailed below.

In each case the derived quantity is returned instead of the original reading.

Rates and Integrals

The following derived quantities are calculated based on the current and the previous channel reading.

Channel Option Description Formula
DF Difference QP X
DT Time difference ot
RC Rate of change ®x [/ ot
RS Reading / time difference x [ ot
1B Integrate (xipx [/ 2 )

The DF channel option returns the difference between the current and previous measurements; the DT option returns
the time difference and the RCchannel option combines the two to return the rate of change ( (px / ot ) .

For example,
RALS 1V &1V(DF,"DeltaV") &1V(D T,"DeltaT") &1V(RC,"RC~mV/s")
1V 29.4 mV
DeltaV 3.9 mV
DeltaT 00:00:00.992
RC 4.0 mV/s

In this case four channels are defined in the schedule. The first will measure a voltage and return the reading. The
second channel will compare the newly updated value of 1V to the value it had when the channel was last evaluated
(one second ago) and return the difference. Similarly the third and fourth channels will return the time difference (which
will in this case always be close to one second) and rate of change, respectively.

The RSoption is similar to RCexcept that the numerator is the actual reading, not the difference. This is intended for use
with channels where the reading is already a difference. In the following example the counter is reset after each reading
(using the R channel option), so the count reading is actually the number of counts since the last reading, so to calculate
counts per second the RSoption is used:

RA10S 3C(R,RS,"~counts/s")

Finally, the IB option is used to integrate a signal. It returns the area under a straight line connecting the current to the
previous reading. For example:
RA20S
1V(W) 2#1(W)
CALC("Power~W")=&1V*&"2#I"
&Power(IB,W,+=5CV)
5CV("Energy~J")

The above example will, every 20 seconds, first measure a voltage and a current. These are then multiplied to give the
instantaneous power in Watts, then integrated to give the energy used over the 20 second period. Finally, the energy
values are accumulated in channel variable 5CV to give the total energy used.

Edge Timing
A number of channel options are provided for reporting details relating to the timing of digital transitions (edges).

As with the rate and integral options, these derived quantities are calculated based solely on the current and the previous
channel readings.

The TORand TOFoptions return the absolute date/time at which a last rising or falling edge occurred. If no edge has
occurred since the last reading then a "zero" date/time value (normally presented as 00:00:00.000,01/01/1989 )is
returned.
The following options report the time interval between two edges:
1 If arising edge has occurred since the last reading on a channel, and another rising edge has occurred some
time previously, then the TRRoption returns the time interval between the two edges, otherwise it returns zero.

1 If arising edge has occurred since the last reading on a channel, and a falling edge has occurred some time
previously, then the TFR option returns the time interval between the two edges, otherwise it returns zero.
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1 If afalling edge has occurred since the last reading on a channel, and another falling edge has occurred some
time previously, then the TFF option returns the time interval between the two edges, otherwise it returns zero.

1 If afalling edge has occurred since the last reading on a channel, and a rising edge has occurred some time
previously, then the TRF option returns the time interval between the two edges, otherwise it returns zero.

For example:
RA1E 1DS 1DS(TOF," - edge at") 1DS(TFF,"period")
1DS 0 State
- edge at 15:30:35.015 01/02/2007
period 00:00:00.000

1DS 1 State
- edge at 00:00:00.000 01/01/1989
period 00:00:00.000

1DS 0 State
- edge at 15:30:45.018 01/02/2007
period 00:00:10.003

1DS 1 State
- edge at 00:00:00.000 01/01/1989
period 00:00:00.000

In the above example the A schedule runs when a rising or falling edge on digital input 1 occurs, and reports the time at
which each falling edge occurs, as well as the time between successive falling edges (i.e. the period).

Note: it is not possible to set the schedule to only trigger on falling edges (using RA1- E), because then the state of 1DSwould be zero
each time the schedule ran. This would mean that no falling edges (i.e. current value = 0, previous value = 1) would be detected.

Statistical Channel Options

Overview

It is often convenient to sample channels frequently and a return and/or log a statistical summary at longer intervals
(see Statistical Report Schedules (P56)). Statistical channels are sampled during the period between report times (at a
rate governed by the statistical schedule, RS), and the statistical summary is generated and returned at report time, i.e.
when the regular schedule runs.

Channels that require statistical sampling must include a channel option to indicate the statistical information to generate.
Hereds a summary of t hed sdealdoithe Statiwiel (P46) kadkegonyénithe Daple 5: OTIRG
Channel Options (P46) table:

Channel Option Description Appended to Units ‘
AV Average (Ave)
SD Standard deviation (SD)
MX Maximum (Max)
MN Minimum (Min)

TMX Time of maximum (Tmx)
TMN Time of minimum (Tmn)
DMX Date of maximum (Dmx)
DMN Date of minimum (Dmn)
IMX Instant of maximum (combines DMX and TMX) (Imx)
IMN Instant of minimum (combines DMN and TMN) (Imn)
INT Integral (Int)
NUM Number of samples (Num)

The statistical option is defined by including it as a channel option in parentheses after the channel type. For example:
RA1M 3TT(AV)(NUM)
3TT 103.7 degC (Ave)
3TT 42 (Num)

3TT 110.2 degC (Ave)

3TT 60 (Num )
In this case you will see the Sample LED flash once per second (which is the default rate for RS), but data will only be
returned once per minute. These data consist of average of the samples taken since the A schedule last ran, and the
number of samples (which will normally be 60). Note that a tag, e.g. (Ave), is attached to the units to indicate the
statistical function that has been applied.
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There may be fewer than expected samples in the first sample period after starting a schedule. This is because, by
default, schedule execution is synchronised to midnight (see Time Triggers 6 Synchronizing to Midnight (P59)) so a one
minute schedule will always execute on minute boundaries.

If insufficient statistical samples have been taken at the time when the report schedule runs then an error message
returned and the data value is flagged as "not yet set". The SDand INT options require a minimum of two samples, the
others require at least one sample. To minimise the chance of this condition occurring:

1 switch off the synchronise to midnight flag (/s ), or
1 ensure that the reporting schedule period is substantially longer than the statistical schedule period.

Statistical Functions
Average (AV)

The average or mean is the sum of all the channel readings divided by the number of readings. It is very useful in
reducing sensor noise.

Standard Deviation (SD)

Standard deviation is a measure of the variability of the data about the average or mean. The variation may be due to
electrical noise or process changes. The units of standard deviation are the same as the channel reading.

Maximum and Minimum (MX and MN)
The maximum and minimum of a set of channel readings can be reported with the MXand MNchannel options.

The time at which these occurred can be reported with the TMXand TMNoptions, the date with DMXand DMNand the
combined date/time (“instant") with the IMX and IMN channel options.

For example:
RS1IM RA30M 1TK(AV) RB1D 1TK(MX)(TMX)(MN)(TMN)
1TK 24.2 degC

1TK 21.9 degC

1TK 19.0 degC

1TK 33.9 degC (Max)
1TK 1 5:10:00.000 (TmXx)
1TK 12.9 degC (Min)
1TK 04:33:00.000 (Tmn)

The above job measures the temperature once a minute (RS1N. Every 30 minutes the average for the 30 minute period
is returned by the A schedule. Once a day (at midnight), the daily min/max temperatures are returned, along with the
times at which they occurred.

Integration (INT)

The integration channel option returns the integral (area under the curve) with respect to time in seconds using a
trapezoidal approximation. The units of an integration are those of the original reading multiplied by seconds.

In the following example a sensor returns a voltage that is proportional to the flow rate (0-1000mV = 0-0.2 I/s):
BEGIN
RS100T
S$5=0,0.2,0,1000"litres"
1CV=0
RA2S 1V(S5,INT,+=1CV,W) 1CV("Fuel Used",FF3)
END
Fuel used 0.012 litres

Fuel used 0.104 litres

Every 100ms, the voltage output from the sensor is measured, scaled by span S5 (yielding a value in litre/s) and the
integral is progressively accumulated (yielding a value in litres). This is then accumulated in 1CV (yielding the total
number of litres used since the schedule started), which is reported every 2 seconds.

The differences between the INT and IB options (both of which calculate integrals):

1 The IB option uses two points only (the current value and the previous value) and calculates the area under the
curve using a single trapezoid. It does not involve the statistical schedule.

1 INT is a statistical option. It calculates the integral using a trapezoid for each sample point measured by the
statistical schedule.
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Multi Value Statistical Options

The statistical options described here are special in that they return multiple values. A channel can only have one return
value, so these options work by setting channel variables.

These channel options do not affect the wusual reporting or

Histogram (Hx:y:m..nCV)

The DT80 can be used to generate a histogram (frequency distribution) of channel samples by applying the histogram
channel option, which instructs the DT80 to

1 divide the measured data range into a number of intervals called classes
1 count the number of readings that occur in each class during the histogram period
9 load each class count into a separate channel variable.

Then use another schedule to read, log and clear the channel variables.
1

Classes
Number of - % Clase inferva
Occurrences ] / ass interva
(Counts) ‘ /
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Figure 19: Histogram
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In addition, the DT80 automatically counts the number of under-range, over-range and total readings, and stores these in
three separate channel variables.

The format of the histogram channel option is:
Hx: y: m.. nCV
where:
1 xandy are the lowest and highest channel readings of interest, as shown in the above diagram

1 mand n denote the range of channel variables (mMCVto nCVinclusive) to use for storing count values

The channel variables are set as follows:

Channel Variable Function

mCV number of readings in the lowest class

(n-3)CV number of readings in the highest class

(n-2)CV number of readings under range (<x)

(n-1)CV number of readings over range (>Y)

nCVv total number of readings including those out of range

The range x..y will therefore be broken up into (nT m 71 2) classes.
x Example 8 Histogram
To create a histogram of a temperature channel over five classes requires eight channel variables:
BEGIN"HISTO"
11..18CV=0
RA1S 1TT(H25.0:35.0:11..18CV)
RBX 16CV("Under") 11..15CV 17CV("Over") 18CV("Total")
RCX 11..18CV=0
END

The A schedule will report the temperature once a second. It will also accumulate a histogram with five temperature
classes and intervals of 2°C:
1 11CV counts readings in the first class (25.0 to 26.999°C interval)

1 12CV counts readings in the second class (27.0 to 28.999°C interval)
1 13CV counts readings in the third class (29.0 to 30.999°C interval)

1 14CV counts readings in the fourth class (31.0 to 32.999°C interval)

1 15CV counts readings in the fifth class (33.0 to 34.999°C interval)
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The following three CVs will also be updated:
1 16CVis the number of under-range samples (<25°C)
1 17CVis the number of over-range samples (>35°C)
1  18CVis the total number of samples (sum of 11..17CV)

The B schedule will, when polled, report the current histogram data. Polling the C schedule will clear the histogram data.
A typical histogram report would look like:
XB

Under 7
11CV 19
12CV 33
13CV 102
14CV 71
15CV 22
Over 2
Total 246

Rainflow Cycle Counting

Rainflow cycle counting (also called rainflow analysis) is an internationally-accepted method of fatigue cycle counting
used for monitoring long-term accumulative structural fatigue damage. The process reduces large quantities of cyclic
data 8 collected from sensors attached to the structure over a long period of time & into relatively simple histograms.

As a structure deflects due to repetitive external influences, measurements produce arbitrary peak and valley sequences
that form closed loops or cycles. Each loop or cycle has a size (the difference between peak and valley magnitudes), and
rainflow analysis accumulates a profile of the number of cycles versus cycle size into a histogram.

A minimum cycle size can be defined that sets a noise rejection level, and cycle sizes below this level are rejected as
noise and are not counted. The DT80 implements the ASTM E 1049-85 standard: Standard Practices for Cycle Counting
in Fatigue Analysis.

Real-t i me rainflow analysis can be carried out wusing the DT80
monitor attached strain gauges at regular intervals and reduce the resulting large quantity of data into simple cycle
histograms.

The DT80 can also produce a formatted report of the accumulated cycle histograms 8 see Reporting Rainflow Data
(P79). Although the rainflow cycle counting has been optimized for welded steel structures, it can be used to record
arbitrary waveforms from other sources 8 temperature cycles in a furnace or electrical signals, for example.

Collecting Rainflow Data

Rainflow analysis is defined by the RAINFLOWthannel option. Although this is generally used for channels measuring
strain gauge inputs, you can also use it for any type of sensor that is monitoring a process that produces cycles of peaks
and valleys with hysteresis.

The overall range of cycle sizes is divided into a number of smaller cycle size classes and, as the analysis proceeds, the
number of cycles of each size class is countbasignedintegess e count
Variables (channel type nlV ). Notes: These integer variables are only for use with rainflow analysis.

The RAINFLOWthannel option requires a maximum cycle size to be specified, a noise rejection level, and a range of
sequential integer variables or channel variables that can be used for accumulating the cycle size counts and other

information. It has the form:
RAINFLOWa: b: c.. dIV

where:

1 ais the maximum cycle size expressed in the channel type units (for example, ppm)

1 b is the minimum cycle size for noise rejection expressed as a percentage of a

1 c and d denote the range of integer variables (clV to dIV inclusive) to use for storing count values
Therefore the range of cycle sizes is from zero to the maximum cycle size defined (a), and cycle sizes smaller than b% of
a are rejected and not counted. For example, the channel option

(RAINFLOW:1000:5:c..dIV)
sets the cycle size range to 0i 1000 units, and cycle sizes less than 50 (5% of 1000) units are rejected as noise.

The number of variables allocated for the rainflow analysis must be set to the number of cycle size classes required over
the cycle size range, plus seven (7) additional variables for summary data. For example, if you require 10 cycle size
classes over the cycle size range then 17 variables will be needed. The variables can begin at any number in their range
of 1 to 500 (c), and are used sequentially to the last variable number (d).

The use of variables in the allocated variable range is summarized in the following table. The first column shows how
variables are used within the allocated range, and the last column shows how 20 variables are used. The last 7 variables
contain various summary data.
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c..div IV Contents Example:

21..401V
c+0 Contains the count of cycles for the first cycle size class 211V
c+l Contains the count of cycles for the second cycle size class 221V
c+2 Contains the count of cycles for the third cycle size class 23V
p p b
di 7 Contains the count of cycles for the last cycle size class 33V
di 6 Contains the count of cycles that over-ranged the maximum cycle size 341V
< di 5 Contains the count of all cycles 351V
g di 4 gontains the maximum buffered cycles 0..100 (or 99999 if the buffer has overflowed and 36|V
- uffered half-cycles have been lost)
g di 3 Contains the minimum valley encountered 371V
g di 2 Contains the maximum peak encountered 38V
0 dil Contains the total number of good points 391V
di 0 Contains the total number of "in error" points (out of range, for example) 401V

In practice, some cycles do not close immediately and are buffered until a closure is detected. Variable di 4 contains a
count of these unclosed or "half cycles".

Note: The rainflow channel option can be used on a maximum of 16 channels.

Rainflow cycle data is collected at a rate dependent on the frequency of influences deforming the structure under test.
These might be quite slow events (such as waves crashing against a sea wall), or quite fast (such as a high speed boat
hull travelling through waves).

Place the channel being sampled for rainfowinas chedul e t hatés triggered fast enoug!
a cycle to adequately characterise the loop closures. For example, the schedule
RAS50T 3BGI( RAINFLOW:a: b: c.. dIV ,W)

measures the input every 50ms (20 times/sec), and counts loop closures. The Wchannel option declares this as a
working channel (does not return or log the individual samples of strain-stress.

Reporting Rainflow Data

Rainflow data is collected over long periods of time using the RAINFLOWEhannel option. Then, periodically, the rainflow
cycle histogram can be retrieved by a computer, using the RAINFLOWeommand. To report the rainflow cycle histogram,

send the original rainflow channel option exactly as originally defined for the channel, but as a command. That is, send
the command:
RAINFLOWza: b: c.. dIV

The DT80 returns a tabular report as illustrated below:
RAINFLOW:72:5:1..271V

Rainflow ( 5% rejection) 01/01/2000 00:03:43

n IvVICV Range Mean Cycles
1 1 0.0 0.0 0
2 2 3.6 11.4 27
3 3 7.2 11.3 6
4 4 10.8 12.4 6
5 5 14.4 11.9 6
6 6 18. 0 12.8 9
77 21.6 12.3 2
8 8 25.2 0.0 0
9 9 28.8 0.0 0
10 10 324 0.0 0
11 11 36.0 18.0 1
12 12 39.6 0.0 0
13 13 43.2 0.0 0
14 14 46.8 0.0 0
15 15 50.4 0.0 0
16 16 54.0 0.0 0
17 17 57.6 0.0 0
18 18 61.2 0.0 0
19 19 64.8 0.0 0
20 20 68.4 0.0 0
21 21 >= 720 0.0 0
Total cycles 58
Peak/Valley mean 12.6
Max Peak 71
Min Valley -1
Max buffered cycles 11
Valid input points % 100.00
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The rainflow report provides a complete summary of the rainflow data for the collection period. The cycle size range for
each class, the number of cycles in each class, and the mean for each class is shown, as well as the summary data.

Although the rainflow report cannot be logged in the DT80, the primary cycle count data used to make up the rainflow
report can. For example, the program
BEGIN"Rainflow"
RA50T 2BGI(RAINFLOW:72:5:1..271V,W)
RB7D 1..271V
LOGONB
END

logs the histogram data every 7 days. Reports can be created manually after download of the primary cycle count data.
x Example 8 Rainflow Cycle Counting

Capture raw strain gauge data and perform rainflow cycle analysis using the program
BEGIN
RAS50T 1BGI(RAINFLOW:1000:5:101..1271V,W)
END

This instructs the DT80 to

1 collect current-excited bridge data (1BGI) every 50ms (RA50T) and carry out rainflow analysis over the range of
zero to 1000 ppm

1 apply a 5% rejection (that is, cycles smaller than 50ppm are rejected)

1 accumulate cycles into histogram variables 101 through 127 (101..127); this gives 20 cycle size classes for
cycle counts, and 7 others for summary information

The matching rainflow report command
RAINFLOW:1000:5:101..1271V

can then be used to return a summary report.
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Part FT Alarms
Alarm Concepts

DT80 alarms allow decisions to be made based on the magnitude of DT80 input channels, channel variables, timers, the
clock/calendar, internal channels, system variables and so on. The decision is a true or false result of an alarm
condition test. The true/false result is also known as the alarm state.

The DT80canbe instructed to carry out actions when an alarm tes
digital state outputs, issuingmessage s, or executing commands to change the DT

Alarm transitions can also be logged to the DT80's internal file system for later analysis.

There are two types of alarms:
1 single shot alarms (ALARMcommand) act once on the transition of the condition test from false to true

1 repeating alarms (IF  and DOcommands) act repeatedly each time the enclosing schedule runs, while the
condition tests true

Figure 20: Comparing single-shot and repeating alarms (3-second schedule example)

Alarm commands can be included in any report schedule, and are processed in sequence with other schedule processes
such as reading input channels and performing calculations.

Alarm Commands

The DT80 provides three main alarm commands, each with a similar basic syntax:

ALARNM( test) digitalAction" actionText"[ commsProcess]{ actionProcesses}

IF n( test) digitalAction" actionText"[ commsProcess]{ actionProcesses}
(ALARMREs also accepted as a synonym for IF )

D" actionText"[ commsProcess]{ actionProcesses}

where:
1 nisthe alarm number, used to distinguish logged alarms (optional)
1 testis the alarm condition to test
9 digitalAction is one or two digital output or CV channels which will follow the alarm state (optional)
1

"actionText" is a text string to output if the alarm condition tests true (optional)
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