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1. PROGRAM OBJECTIVE

The program DX5100-Config.exe (hereinafter the Program) is
designed to configure the controller DX5100 (hereinafter the
Controller). The main goal is to simplify the tuning process of the
controller for an end user.

The program applies a standard interface for windows applications.

The program allows performing the following actions with the
controller:

e  Setting the maximum voltage (for each channel, here and
below);

e  Setting alarm-limits of temperature;
e  Setting the thermistor:
0 Getting the current settings:
=  Type and function of calculating temperature T = f(R);
=  Coefficients of the function of calculating temperature;
=  Nominal value of the thermistor used,;
0 Checking the current measurements;
o Entering new values of the coefficients;

0 Possibility to select from a list of more than 50 predefined
characteristics of thermistors;

o0 Calibration of temperature measurement channel,
0  Starting with Version 334 of the Program:

= The measuring channel is calibrated by the
manufacturer for all possible limits of measurement;

= A user can simply select a type and size of thermistor.
After that the Program will automatically install all the
necessary settings of the Controller;

e  Configuring the startup mode of the controller after powering up;

e Setting the conditions for signaling that alarm set point is
achieved;
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e  Setting the communication parameters;

e  Setting response to signals from digital input and digital output
control*;

e  Storage and restoration of controller parameters;

0 The conversion of structures stored in the memory is
supported, when taking a new version of the Controller
software;

o0 A visual preview of all the settings stored in the Controller
nonvolatile memory is enabled,;

0 The table of thermistor settings can be viewed for all the
limits of measurements?;

e Reading and writing of programs of time regulation;
o0 Editing the programs in the Controller;
0 Saving into a file, downloading from a file;

e  Adjustment of the PID-regulation:

0 Automatic selection of proportional, integral and differential
coefficients for each channel;

o Possibility of manual selection of coefficients;

o0 Plotting the setpoint attainment at different coefficients,
analysis of results;

0 Saving results to a file, to the clipboard;
0  Printing;
e Terminal:

0 Possibility of communicating with the Controller by a
system of commands?;

! When using the digital board DX5107.
? Starting with Version DX5100.334.
® See the document «DX5100 Table of Commands v3.5»
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(0]

(o}

(o}

(0}

Saving sets of commands in a file;

Conversion of files with commands from the program
"Terminal”;

Usage of a set of commands as macros;

Loop Macros;

e  Upgrading of the Controller programs:

(0]

(0]

Update Wizard;

Downloading the update files from the manufacturer's
website;

e  Monitoring:

(0}

(o}

©O O O o©

Using the command/non-command interface;

real-time charting of the following telemetry parameters:
=  Total supply voltage of controller;

=  Voltage per channel,

=  Current per channel;

=  Temperature per channel;

Displaying controller status (mode, setpoint);

Changing the mode during monitoring;

Saving of telemetry results in a file;

Pos4sibi|ity to change temperature setpoint without restarting
PID™.

4 Starting with the Version DX5100.333.
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1.1. Program Main Window

2 DXS100 Vision L0.1L2 —

| Ble Opticns  Operations  Monitor  View Help
Poxvlple® 4 %3 MET 12

= | Davice of RarTid (DX5100.334)  command interface RS232 WAKE-BIN 19200 baud (COMI) [ comust

W ox5100 available COM ports on system: [(&1] 19200 = | open | Close | Firiviine Frogramineg Witand
Intestace

| 1. Communicatan

rand

Defined

no cemmand

2.1, Read from device
(bachup)

@ 2.2.[5we inko device 1 unknown . Ccomi Commurnications Part {COML)
ramorn) [ R5232 (1D=0102) - coms UsE Serisl Podt (Com)
#| tmknown W coms 50 Serial Port (COME)

State Name Friendly Mame

| 7 3.1, Vallage TEC Limit
| I 3.2 Temperature Limit

[ 4. Thermistor settings
2 5. Program Manager
#] 6. Boot Made

o 7. Criterion of Signal of
Setting

B ¢ Digeal Input-Output
T 5. PIO Tuning

[ Monitar
Advanced

labll Terminal
man-volatide memory

M 5100 Vision 13032012 T- K] RMT

The main window can be divided into several parts:
e Main menu®;
e  Main toolbar;
e Left toolbar;
e  Workspace of window.
In the menu "View"you can enable/disable both the toolbars.

> Numbers of the menu items correspond to the chapters in this
document, and determine the desired consistency of the instrument
operation.
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1.2. Monitor Window

The monitor window allows a user to:

e control the operation of the controller;

e start and stop all the supported modes;

e observe the change of telemetry data in real time;
e store and analyze the data obtained.

In contrast to the main window, there are no settings, only the current
management and display of information. For a detailed description,
see the chapter "Monitor".

[0

=]

*

Stop

1 Device Monitor - [14:31:17]

Telemetry interface
) Command @ Men command

T

1 =
Run ChN 1

Hide:

Telemetry output
period (1-255)

Chart1 |t Temperature TEC1

440
420
400
380
360
340
3z0
300
280
260
240
2z0
200

i - |

Chart2 E CurrentTECL

Foirt: 539
Value: 0,00 &

14:28:53 PID, (setpoint 250,15 K)
14:29:53 PID, (setpoint 263,15 K)
14:30:53 PID, (setpoint 250,00 K)
J14:31:13 idle

14:28:42 idle
14:28:52 program

14:28:53 PID, (setpoint 250,15 K)
14:29:53 PID, (setpoint 263,15 K)
14:30:53 PID, (setpoint 280,00 K)
J1a31:13 idle

Utlities
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2. DESCRIPTION

3. SETTING PARAMETERS OF COMMUNICATION

3.1. Controller to Computer Connection Options

e Connect the device to the RS-485 and (or) to the COM-
port with the RS-232 cable (see the set kit for the digital
control board). Connect to the digital board connector XP6
or XP8, respectively.

e Connect the power supply. The power supply must provide
12 V £ 10%.

e The power supply is connected to the connector XP1 of
each power board DX5102, or to the connector XP5 of the
power board DX5105.

The controller may be connected to the computer in several ways:
1. Using the RS-232 cable supplied.
Connection is via the connector XP8 of the digital board.
2. With the converter interface DX5106.
a. Interface RS485 signals generation

b. Interface RS232 signals generation
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c. DX5101 programming signals generation

d. LED indication of the interfaces status and of programming
signals status

e. For external commutations there are connectors located on
one side of the board.

With the converter interface DX5104.
f.  Interface RS-485 signals generation

g. Galvanic isolation of the interface RS-485 from the
computer

h. Protection against reverse power

i.  Functioning without a supply voltage (no galvanic isolation)

3. You can also use other converters of the interface RS-232/RS-
485.

The connecting procedure is described in more detail in the paper
"DX5100 Technical Manual". In case DX5106 is used, you need to
install the drivers from those supplied or from the manufacturer's web
site - see "FTDI Drivers Installation Guide for VISTA.pdf"and "FTDI
Drivers Installation Guide for WindowsXP.pdf".

3.2. How to Adjust Computer Serial Ports

By default, the controller is supplied with the settings rate 19200
kbps. When you run the program, it scans the serial ports of the
system and determines the connected devices of DX5100.

The scan results can be seen on the tab "COM List". When the
device is detected, the Program displays the name of the "command"
interface and its identifier. When using the interface converter
DX5106, the Program will also identify the "non-command" interface,
and a pair of interfaces belonging to the same controller will be
highlighted by the same color.
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r
DX5100 Vision 1.0.1.2

W  — - — —

File Options Operations Monitor  View Help
=
Select and open the serial port to which the device is connected
H Dx5100 Available COM ports on system: 19200~ | open || close || Firmware Prag
SObLLis Interface
o
z E Port
E E Defined
g
E B8
s o
9 = State Name Friendly Name
Unknown COM1 Communications Port (COM1)
» O R5232 (ID=0102) coM4 USB Serial Port (COM4)
unknown coms USB Serial Port (COMS)
Unknown COoM9 USB Serial Port (COM9)
= RS485 (ID= network) coms USB Serial Port (COMB)

Now you must select the device to work with. The logic of the
Program involves working with one controller at a time, so flags of the
"command" interface choice work like radio buttons.

I [F]  Unknown COoM1 Communications Port (COM1)
] @ | RS232 (ID=0102) com4 USB Serial Part (COM4)
[[] Unknown COoMs USB Serial Port (COMS)
[ unknown COoMg USB Serial Port (COM3)
| RS485 (ID= network) coma USB Serial Port (COMS8)

After the "command" interface selection, there are the following
variants:

1. If the RS-232 interface is "command", all the free ports defined
by the Program as "Unknown" will be available for a "non-
command" interface. If you use the interface converter DX5106,
you can choose a port highlighted by the same color. Otherwise,
you should select the port to which "non-command" interface is
connect. You may as well not choose a "non-command"

interface.
[ unknown COM1 Communications Port (COM1)
RS232 (ID=0102) Coma USB Serial Port (COM4)
» Unknown COMs USB Serial Port (COMS)
[ unknown COMS USE Serial Port (COMS)
Bl RS485 (ID= network) coma USB Serial Port (COMS3)
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2. If the RS-485 interface is "command"”, the choice of a "non-
command"interface will not be available.

Unknown Com1 Communications Port (COM1)
I:‘ RS5232 (ID=0102) CoM4 USE Serial Port (COM4)
Unknown COM5 USE Serial Port (COMS)
Unknown Comg USE Serial Port (COM3)
3 H | RS485 (ID= network) CoM3 USE Serial Port (COMS)

Press the button "Open".

DX5100 Vision 1.0.1.2

File Options Operations Monitor View Help

ol e B E Wi moE Y Bl 1
E] Device of RMTItd (DX5100.334) command interface RS485 WAKE-BIN 19200 baud (COM8)
|8 Dxs5100 Available COM ports on system: 19200 || open Firmware Prog
oL, Interface
=l
21 1. Communication - B Port
— EoE Defined
s
2.1. Read from device E | 2
(backup) © £ State Name Friendly Name
ay Z-Z-tSEVE inte device Unknown COM1L Communications Port (COM1)
(r=mm) ) RS232 (ID=0102) coma USB Serial Port (COM4)
. Unknown coMs USB Serial Port (COMS)
0 bl T TEE it Unknown comg USB Serial Port (COMS)
I“.C 3.2. Temperature Limit » RS485 (ID= network) @ coms USB Serial Port (COMS)

After a successful communication, the program displays information
about the controller, a version of the program used, and
communication parameters.

The field " State"is an indicator and may have the following values:
e  Grey (port available, you can open it);

e Red (port is unavailable, for example, it is opened by
another program);

e Green (port is available; it is opened in our program).
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For the case when the RS-485 interface is "command", the possibility
of selecting a device address in the network is added®:

DX5100 Vision 1.0.1.2 I

File Options Operations Monitor View Help
Bl wnlrped) €23 @ T BEI [
> Device of RMTHd (DX5100.334) command interface RS483 WAKE-BIN 19200 baud (COMS)

A Select device Address [only for RS-485 command interface) \l 15200 = | open :ﬁrmww Prog

COM List

Interface
=
4 1. Communication = E Port
T E Defined
s
2.1. Read from device =
(backup) ° = State Name Friendly Name
i Y 2-;55‘“’- into device Unknown @ comi Communications Port (COM1)
(=) [ RS232 (ID=0102) @ coma USB Serial Port (COM4)
) Unknown @ coms USB Serial Port (COMS)
7% 3.1. Voltage TEC Limit Unknown @ coms USB Serial Port (COMS)
I 3.2. Temperature Limit » RS485 (ID= network) @ coms USB Serial Port (COM8)

3.3. Setting Communication Parameters of Controller DX5100

7 DX5100 Vision 1.0.1.2
e il -

File Options Operations| Meonitor  View Help
ER #x I |$j 1. Communication

B 2. Backup and Restore 4
i
ke Setting alarm limits 4

3.
|H px5100 4. Thermistor settings
Eﬁ COM List 5. Program Manager
6. Boot Mode
7.
8.
9.

I
;:<E
]
£ 7. Criterion of Signal of Setting
L]
2.1. Read ?

Digital Input-Output

(backup) PID Tuning

wx 2.2, Save
| o (restore)

Terminal

non-volatile memory

® The protocol (WAKE) used to communicate with the Controller,
supports addressing of devices from 1 to 127.
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To configure the communication settings in the program the tab
"Communication" is designed.

It can be chosen either from the main menu or clicking the
corresponding button in the toolbar.

On this tab there are the controller settings for communication with
the computer:

e  Address;

o Extended address (not available for editing);

e  Selection of the mode WAKE (not available for editing);
e  Selection of the command interface;

. Choice of the connection rate;

command interface RS232 WAKE-BIN 19200 baud

Address
Extended Address

¥  Wake mode

L Command Interface
BaudRate

Connection

The device can be adjusted to different rates of communication. Each of the interfaces available
can be command. The WAKE data format may be either symbal or binary. During 1 sec after the
Device switched on, the photodiodes indicate the rate of exchange via the interfaces and the
mode WAKE as shown below.

31 BC  RSES
}unn 5 T 184
'u]n QE E There are four LEDs on the Digital Control Board (LED 1..LED 4).
=

a
i

Just after switching ON the Device, during 1 sec LEDs show the exchange rate per interface
and the mode WAKE corresponding to the Table below

Attention! Take caution when changing the connection
parameters. Changes will take effect after rebooting the
controller. Next time you connect to the controller you will
use the new settings.
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4. HOW TO BACKUP/RESTORE OF PARAMETERS

The operating parameters of the controller, stored in nonvolatile
memory of the digital control board, can be provided for the backup
(storage) and, if necessary, restore.

It is advisable to save the parameters before the procedures
changing them, as well as after their completion. Such procedures,
for example are calibration, storage of thermistor polynomial, etc.

DX5100 Vision - [11:44:51]

File Options | Operations| Monitor  View Help

ER #n [°‘C 24| 1. Communication i
| 2. Backup and Restore | 21. Read from device (backup)
ice of
Davica of RM 3. Setting alarm limits 4 &'J':' 2.2, Save into device (restore)

4.1. Backup procedure

Look in: |, Debug - @ @ =%

1= | Device of RMTId Exhibition #003
st
HeaaeHue
ACKYMEHTEI

Patioumit cron

F

Mom pokyrerT

LY

Koranetorep

t“; [T ) vice of Bk Tltd E <hibition #0003t Save

Cete

Files of twpe: | memorny dump [*.tst.* hes.* flash] V][ Cancel ]
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The program suggests that you should save a file with the controller
settings. The file name is proposed to be "Device information", but
you can use another name.

As a result of the procedure, the configuration file will be saved.

- \
Backup - [15:36:44] [

[0! Congratulations, Backup file successfully completed.

4.2. Procedure of Restoring from Backup

DX5100 Vision - [11:50:33]

File Opticns | Operations | Monitor  View Help

##% I | 3 1. Communication |

2, Backup and Restore 2.1, Read from device (backup)

Device of RM| -
3. Setting alarm limits 4 |“Z 2.2, Save into device (restore) |

When selecting a relevant item, the program will suggest that you
should select a configuration file previously saved.

Here we should bear in mind that if you have a configuration file from
another device, i.e., "Device identifier"in the file differs from the
reading of the controller, the program will notify you and the operation
may be aborted.
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Look ke 1) Debug A [ﬁ @ i

" Device of FMTid E shibition #003

e
Heaaetue
AOKYMEHTEI

-

Patioumii cTon

B

I oM gokyreHTEl

Ll

KotnewTep

File name: Device of RMTI Exhkibition 8003 | J Open I

Files of type: | memory dump [* t<t,* hew,* flash) '] [x Cancel ]

Restore FLASH - [15:56:38]

Congratulations!
Configuration file was successfully stored into controller,

4.3. Additional Possibilities. Non-Volatile Memory

In order to quickly estimate the Controller parameters that determine
the logic of its operation, you can use the tab "non-volatile
memory":
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non-volatile memory @
@ == v.333 @ ==v.334 Thermistor table

Address Info #5210 15.01.2012
SN Fast measurements

DAC calibration coefficients | 6.1801E+04] [ -8.0181E+03] [ 6.2681E+04| [ -1.2415E+04]
ADC fiters [ o:]

Registers calibration offset | 000000\ | Aennnn| \ ssnnnn\ \ 45E5F4|| 2920FF|| Fcozggll 280300
U TEC Max | 4.50]

PID coefficients |

Z-meter {current, R, Z, tau) | =

Boot (mode, #prg, time) | Ul | Ul | 2|

Temperature L\mit(max,min,ﬁme)l GDDDD.DD‘ | D‘Uol ‘ 10‘ ‘ 403.00| | 203.00| | 1D|

Criterion of Signal (ON,OFF Deviation)
oA
Thermistor settings (degree, current, coef.) El El El El

A0 34eisa0E-01] AD[  3.461840E-01]
a1[  2.031834E-01] A1  2.031834E-01]
A2[  e715181E-05] A2[  6715181E-05]
A3[  -4.899303E-08] A3[ -4.893303E-08]
A4[  2.056550E-11] A4 2.056550E-11]
As[  -3.376338E-15] A5|  -3.376338E-15]

WAKE (RS232/485, SYM/BIN, BAUD) Digital out Digital PRG=

T- [K] RMT

Functions of the buttons:

. "Reload FLASH"- read data from the controller;

e "Save to File"- save data to disk, with possibility to a later
load, see the previous section;

e "Load from File"- load the file, for viewing only, without the
possibility of storage in the controller. For saving it you
have to use the recovery procedure, see the previous
section

Tabs functions:

e  Tabs with version numbers (versions differ by the structure
size and set of parameters).

e The tab "Thermistor table"- starting with version 334 of
the firmware, the manufacturer provides the controller initial
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configuration to handle all possible thermistor nominals
(see the documentation TEC Controller DX5100 Technical
Manual 2.13 Accuracy).

DX5100 Vision 1012 . . -
File Options Operations  Moniter  View Help
s le e ® E 8- mE T =
E] #5213 19.01.2012 (DX5100.334) command interface RS232 WAKE-BIN 19200 baud
EXSLI]U non-volatile memaory @
| S0l | == wv.333 @ >=v.334 | Thermistor table
3 1. Communication 1 |FFFFFFFFEFFFFFFE
2 |3D97ATDEC4000055
3 |3D17AB1DDBO00OSS
2.1. Read from device 4 |3C9BTEE3ACO00055
(backup) 5 |3C19A6BD31010055
1§ 2.2, Save into device & |3B9BDCO246020055
Y (restore) N
7 |3B27EF96C4F5FF55
— 8 |3AABCOSFE3ECFFSS
##% 3.1, Voltage TEC Limit 9 |FFFFFFFFFFFFFFFF
I"'C 3.2. Temperature Limit 10 |3RA685FA30A010055
11 |39E8639279010055
I°c 4. Thermistor settings L e
2 5. Program Manager 13 |38EB695695030055
14 |326EDEBTDS060055
#]6. Boot Mode 15 |3800BBF6F9FDFFSS
£ 7 Criterion of Signal of 16 |37815AB13DFDFFS5S
£2ing 17 |FFFFFFFFFFFFEFER
[H 3. Digital Input-Output 18 |3D9843LECE0D0055
“I" 9. PID Tuning 19 |3D184708EDO00OOSS
20 |3C991EEADBO00OSS
3 Moritor 21 |3C1A47F274010055
22 |3B9CB14A63020055
_Advanced 23 |3B28ABBEB1FSFFSS
Terminal 24 |3AA9B920F8EBFFSS
- 25 |FFFFFFFFFFFFFFFF
:
26 |3R6863B315010055
27 |39E867AS91010055
28 |39698298FDO100SS
29 |3BEB6F65C1030055
30 |386EDCFOET060055
31 |3800C132A9FDFFSS
| 32 |378163D325FCFF55
| B DX5100 Vision 26.03.2012 T- [K] RMT
=

The figure shows the properly filled in structure of thermistor settings.
The indication of the correct filling is the last byte in each row: if it is
equal to 55h, the setup is made correctly, and you can use the
default settings when selecting a thermistor. Details of thermistor
configuration procedure are described in Section 4 of this guide.
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5. SETTING ALARM LIMITS

5.1. Setting Limits of TEC Voltage

DX5100 Vision 1.0.1.2 - -
2 -
File Options |Operations| Menitor  View Help
[EH #% [ | ® 1 Communication v el
2. Backup and Restore »
[ #sans [ = Szt = e i [ 31 Voktage TEC Limit ][ baud (CoM4)
B DX5100 | [*=| 4. Thermistor settings Ig| 32 Temperature Limit |+ | open | Close |
[l com List | 3 5. Program Manager rioce
] 6.Boot Mode
3 1. Comm E | 7. Criterion of Signal of Setting
B 5. Digital Input-Output Defined
(zb;CE::)d 0 8P Tuning State Name
97 2.2. Save| RB]| Terminal nown @ comi Communici
==u) non-volatile memory 32 (1D=0102) @ coma USB Serial
— T Ufknown @ coMms USB Serial
[[1  Unknown @  com9 USE Serial
I5¢ 3.2. Temperature Limit |} RS485 (1D= network) @ coms USB Serial

Important! To prevent a thermoelectric cooler (TEC) failure,
it is necessary to set correct limit values of TEC voltage.
Refer to the TEC specifications.

f R
Voltage TEC Limit - [12:33:10] (= [ B [

Channel #1 Channel #2

TEC maximal voltage: 6,01  TEC maximal voltage: 7,94

Please be careful to determine the required settings, refer to the specdification of the TEC.

Apply

5.2. Setting Temperature Limit Values
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DX5100 Vision - [12:33:38]

File Options | Operations | Monitor  View Help
#f e | & 1. Communication

2. Backup and Restore 4 ) R

3, Setting alarm limits #f| 31, Voltage TEC Limit

B px5100 | [t 4. Thermistor settings

Device of RM|

[".C 3.2, Temperature Limit |

The tab "Limiting temperatures" allows you to specify the maximum
and minimum temperatures. If temperature is beyond these limits
within the time specified, a corresponding alarm is on and PID control
is off, - the alarm conditions.

Writing Limiting Temperatures

Channel £1 Channel 2 TEsEqnn . L
= Store values of maximal and minimal
c i . temperature. Breaking these limitations causes
T (Fie 203.00 Raagiing  203.00 correspondent signal and switching off the
Max T (fl2): 403.00 Max T (fl2): 403.00 PID-Controller - conditions of emergency.
Examples:
Time limit {d): 10 Time limit (d): 10 If fl1=223.0, fl2=363.0, d=10 then:

The signal of the temperature limits breaking

appears 10 s after temperature drop below 223 K, or
Apply 10 s after temperature rise above 363 K

The meaning of the parameters to be set is explained by the
following picture:

T°C 4
T°C max fl2

T°C min f1

Bit |,

=9

Caontral
switching off

=)
L\ 4
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6. THERMISTOR SETTING

Attention! It is strongly recommended to back up the
parameters of the controller before adjusting the thermistor.
See "Backup/restore of parameters”.

DX5100 Vision - [12:36:56]

File Options | Operations | Monitor  View Help
#f e | @4 1. Communication

2, Backup and Restore 4

Device of RM|
3. Setting alarm limits L4

|| pXx5100 |[°c 4. Thermistor settings

COM List §<= 5. Program Manager
] 6.Boot Mode
2{ 1. Commy .

7. Criterion of Signal of Setting

B
>
B 8. Digital Input-Output

6.1. Description of Procedure

The procedure consists of finding and storing parameters of the
corresponding ADC channels in the non-volatiie memory for each
temperature sensor.

The procedure for setting a thermistor can be divided into several
stages:

e Determination of input data:
o0 thermistor type,
0 nominal,

0 choice of function type7 to calculate temperature T = f(R),

" The controller allows using 2 types of functions for calculating
temperature versus resistance:

e + Polynomial 5th order function: T = A4y,+ AR+
A,R? + A3R® + A4R* + ASR®
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o0 calculation (or entering) coefficients,
0 storage of coefficients in controller.
e < Calibration of temperature measurement channel:
o Controller firmware version <= 333
= calibrating resistors supplied8 should be used,
=  cable of four-wire resistance measurement circuit.
o  Controller firmware version >= 334
*  You can choose "automatic" calibration;

] You can calibrate in the manual mode, as in the
version 333;

. Verification of measurement results;

6.2. Determination of Input Data

To ease the setup procedure, the program offers a choice of
predefined characteristics of thermistors. The list includes the
parameters for 4 platinum thermistors and 47 NTC thermistors with
different alpha and beta coefficients.

@ Channel #1 ) Channel £2

Mominal resistance of thermistor [Ohm]: 1000 3

Lyl Choose the type of thermisto l:]
Pt 1000 (3.75E-03) -

Ft 1000 (3.85E-03)

Pt 100 (3.75E-03)

Pt 100 (3.85E-03)

NTC Alfa(2.90%/°C@25 °C); Beta(2600 K)
NTC Alfa(3.10%/°C@25 °C); Beta(2800 K)

m

e Steinhart-Hart equation: % = A+ BIn(R) + Cln(R)®

8 During calibrating, the program will inform you on the required
nominal values (depending on thermistor type). You can also use
other resistors of similar resistance values.
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If you have chosen a thermistor from the list, you can go to the next
section, "Calibration of temperature measurement channel”.

The program will prompt you to NTC Alta(4.70%/°C@25 °C); Beta(4300 K)
choose a type of function for  NTCAlfal4.70%/°Ca25 °C); Beta(44s0 K) ‘_

You may check the results of calculations

by using the button "Calc". ROhml:| 000

T [K]: 273

AR A ¥

If necessary, if your thermistor is not
listed, you can use the point "User defined".

) NTC Alfa(5.00%/°C@25 °C); Beta(4600 K) |£
ca_|cu|at|ng temperature and NTC Alfa(5.20%/°C@25 °C); Beta(4830 K)

. 9 NTC Alfa(5.30%/°C@25 °C); Beta(S000 K)

operating temperature range . User defined Z

@ Channel #1 @ Channel #£2

Nominal resistance of thermistor [Ohm]: 10000 3

Type: User defined -
T = F(R)

) Polynomial @ Steinhart and Hart equation:

Select operating temperature range (K)
From: 273.15 = Ta: 328.15 =

¥ Include ambient temperature

When you select the rm

Steinhart-Hart equation, you Ty:| 27315 % Ry: | 35670.00 2
will be asked to enter 3 points Tpr| 29815 ¢ Rp: | 10000.00 3
of the dependence of T3: 328.15 3 R3: | 2710.00 %

temperature on resistance.
This information is usually provided by a thermistor manufacturer.
The extreme points should be at the edges of the working range,

° The ambient temperature must fall within the operating temperature
range, but if you are sure it does, you can disable the checking of this
condition.
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while the average - in the middle. The distance between points must
be at least 10 degrees.

When choosing a polynomial function of temperature calculation you
are supposed to enter the (r(M

coefficients. Ag:  3.43351e+01 O

Aj: 1.854357e-01 The polynomial should be
That's enough to start the Ay  1.058491e-04 Catlsﬁ.l,zt:ritffrr:rgssg_ed
calibration of temperature Az -8.082131e-08 [OYNOMI factors afe to
measurement channel. You Mg 3.395362e-11  with S e (six
may check the results of As: -5.603e-15

calculations of the function of
calculating temperature by pressing "Calc".

6.3. Calibration of Temperature Measurement Channel

6.3.1. Controller Firmware Version <= 333.

Connect the cable of four-wire resistance measurement circuit to the
XP4 connector of the board DX5101-200. At the end of the cable
there should be a connector that allows changing quickly the
calibration resistors.

calibration resistor

XP3 or XP4

Sensor connection cable (for DX5101-200) From From
contacts contacts
land?2 3and 4

Now we can proceed with the calibration. For example, consider a
commonly used platinum thermistor Pt 1000 (3.75E-03).
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@ Channel £1 @ Channel £2 | Show current Thermistor settings ‘ [caiibrate 1
Nominal resistance of thermistor [Ohm]: 1000
Type: Pt 1000 (3.75E-03) -

Channel #1. Thermistor Polynomial Coefficients

Adjustment of parameters of conversion function of resistance into temperature T=f(R).
T =Ag + AjR + AzRZ +A3R3 + A4R* + AgRS

* A0 = 3.433510e+01

Al = 1.854357e-01
s AZ = 1.058491e-04
* A3 =-8.082131e-08
s A4 = 3.395362e-11
* A5 = -5.602721e-15

Allowed range of temperature measurements between 203.00 and 403.00

Click the button "Calibrate".
The program will ask for the confirmation.

Start the calibration prncm u

The type of the function T = F(R) - Polynomial.

R = 1000 [Ohm]

Al = 3.433510e+01 H
Al=1.854357e-01
A2 = 1.058491e-04
A3 =-8.082131e-08
A4 = 3.395362e-11
A5 = -5.602721e-15

Save selected parameters into controller?

After the positive answer the calibration procedure is started. The
program asks to connect the jumper in the place of the thermistor
(the connector of the cable of the four-wire resistance measurement
circuit).

Provide the short dircuit in the place of the Thermistor connection
(RT=0).
After that, dick button "0k".

Ok ] I Cancel |
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Set the jumper, click "Ok". The program will do the zero calibration
and ask you to connect the calibration resistance of the closest
nominal, but not greater than the value calculated.

¥ B
ADC input calibration M

Please connect instead of the Thermistor the resistor of dose to 1859
ohms (not more)

Connect the resistance 1500 Ohm (supplied). Click "Ok".

The program will ask for the nominal value of the resistor connected
(Ohm).

a ™
ADC input calibration @

Flease enter a nominal resistance of the
calibration resistor [Ohm]:

1500|

[ K ][ Cancel ]

Write 1500 and click "Ok".

The program prompts you to connect another resistor of a smaller
value.

Check measurement is correct ﬁ

Connect instead of the Thermistor the another resistor of smaller
resistance.
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Connect the resistor 750 Ohm.
Click "Ok".

ADC input calibration &J

Flease enter a nominal resistance of the
calibration resistor [Ohm]:

750

[ QK ][ Cancel ]

The program will ask for the nominal value of the resistor connected
again (Ohm).

Write 750. Click "OK".

SUCCESS e %

Congratulations!
The setup procedure a thermistor and ADC input calibration
successfully completed!

The procedure of setting the thermistor parameters and calibrating
temperature measurement channel is completed *°.

1% 1f you failed to do something, you can always carry out the
calibration procedure again, or reset the controller parameters
from the backup file, see Chapter "Procedure of Restoring
from Backup".
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Controller Firmware Version >= 334

Since the calibration procedure of the measurement channel has
been carried out by the manufacturer, you need only select your
thermistor type and value:

DX5100 Vision 10.12

File Options

El 7~ Iy Ic#] € 8 35

Operations

Monitor

View Help

o T B0 (g

B #5213 19.00.2012 (DX5100.334) command interface RS232 WAKE-BIN 19200 baud

B DX5100
£ com List

@ Channel £1 ) Channel #2

47 1. Communication

2.1. Read from device
(backup)

8% 2.2. Save into device
(restore)

#/% 3.1. Voltage TEC Limit

["‘C 3.2. Temperature Limit

[°c - -
Zc 5. Program Manager
%] 6. Boot Mode

N inal resistance of thermistor [Ohm]:
Type:
Pt 1000 (3.85E-03)
Channpt 100 (3.75E-03)
_ Pt 100 (3.85E-03)
Adjusi NTC Alfa(2.90%/°C@25 °C); Beta(2600 K)
1/T = /NTC Alfa(3.10%/°C@25 °C); Beta(2800 K)
NTC Alfa(3.20%/°C@25 °C); Beta(2300 K)
NTC Alfa(3.20%/°C@25 °C); Beta(2915 K)
* A= NTC Alfa(3.30%/°C@25 °C); Beta(2965 K

» C =|NTC Alfa(3.30%/°C@25 °C); Beta(3050 K)
NTC Alfa(3.40%/°C@25 °C); Beta(3060 K)
Allowe(NTC Alfa(3.40%/°C@25 °C); Beta(3065 K)
NTC Alfa(3.40%/°C@25 °C); Beta(3100 K)
NTC Alfa(3.50%/°C@25 °C); Beta(3165 K)
NTC Alfa(3.50%/°C@25 °C); Beta(3200 K)
NTC Alfa(3.50%/°C@25 °C); Beta(3250 K)

After clicking the "Calibrate' button and confirming the start of the
calibration procedure:

-
Start the calibration procedure -

W

i

R = 1000 [Ohm]

* A =1116880e-03
* B = 3.170419e-04
* C = 1.428577e-07

The type of the function T = F(R) - Steinhart and Hart equation.

Save selected parameters into controller?

Lo ) (o]

You will be prompted to select a mode:
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Calibration mode @

Found the parameters for automatic adjustment of the thermistor.,
Do you want to use them, or will carry out manual calibration?
{in which case you should have a gauge resistance).

[ Manual ] [Automaﬁc] [ Cancel ]

e  The manual mode is described in Section4.3.1

e In the automatic mode, the parameters set in the controller
will match your thermistor.

SUCCESS [

Congratulations!
The setup procedure a thermistor and ADC input calibration
successfully completed!

6.4. Viewing Current Settings of Thermistor. Checking
Measurements.

If necessary, you can get the current thermistor settings and assess
the accuracy of measurements. Click the button "Show current
Thermistor settings”.

@ Channel £1 ™ Channel £2 Show current Thermistor settings | | Calibrate
Nominal resistance of thermistor [Ohm]: i000 2
Type: Choose the type of thermistor -

The program will read from the controller a type of the function used
and its coefficients, and try to identify a thermistor connected. In the
case of coincidence of the coefficients with those predefined, on the
following information will be displayed the screen:
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@ Channel £1 @ Channel £2 Show current Thermistor settings | | Calibrate
Mominal resistance of thermistor [Ohm]: 1000
Type: pt 1000 (3.75E-03) -

Channel #1. Thermistor Polynomial Coefficients

Adjustment of parameters of conversion function of resistance into temperature
T=F(R).
T = Ap + A1R + AgR2Z +A3R3 + A4R4 + AgRS

* AD = 3,433510e+01
* Al = 1,854357e-01
* A2 =1,058491e-04
* A3 = -8,082131e-08
* Ad = 3,395362e-11
* A5 = -5,602721e-15

Allowed range of temperature measurements between 203,00 and 403,15

Pt 1000 (3.75E.03) Check function of approximation

1400 |
1300 4 -- R [Ohm]: 0,00 3
= Cale
1200 4 -- T [K]: 0,00 3
2 11004 -- : Measurement of the
< resistance of the thermistor
1000 § --
ADC [hex]:
900
D R [Ohm1:
500 | - -
A A A A A A ] ; R T [K]:
220 240 260 280 300 320 340 360 380 400
Measurement

K

If the coefficients are not identical (an unknown thermistor), the
program will build a graph of temperature versus resistance, and
determine the thermistor nominal by the obtained coefficients (for
platinum thermistors at T = 0 °C, for NTC thermistors at T = 25°C).
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® Channel #1 @ Channel 2 Show current Thermistor settings | | Calibrate |
Nominal resistance of thermistor [Ohm]: 1000 %
Type: User defined -

Channel #1. Steinhart and Hart equation

Adjustment of parameters of conversion function of resistance into temperature T=f(R).
1/T = A + B*In(R) + C*In(R)3

NTC 10000 [Ohm] A =?.27% / °C @ 25 °C; B=? K

= A =1,305440e-03
= B =2,1456278e-04
= C =9,187203e-08
NTC 10000 [Ohm] A=72.27%/°C@25°C;B=7K Check function of approximation
100000 5 ' ' ' ' ' ' '
Q0000 - -
G - R [Ohm]: 0,00 %
70000 4 - — | cale
0000 4 - T [K]: 0,00 =
2 0000 4 - Measurement of the
< 40000 resistance of the thermistor
30000 ADC [hex]:
200004 R [Ohm1:
10000  -- -
oL T [KI:

u t t u u f t t
260 230 300 320 340 360 330 400

K Measurement

6.4.1. Verification of the function of temperature calculation

Using the input field for temperature or resistance in the block
"Check function of approximation" you can verify if the calculated
values agree with the experimental ones.

For illustration we use an

R(T)
example from the : :
d ment Ty:|  273.00 3 Ry: | 35670.00 =
" The i Ta:| 298.00 ¢ Ry: | 10000.00 2

Thermoelectric Cooler T e

Controller DX5100.
Quick Start Instruction”.

Choose item "User defined — "Steinhart and Hart equation”, set

the nominal value 10,000 Ohm.

Enter three points from the table:
R [Ohm]: | 35670
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resistance values from the table, click the button "Calc". Repeat the
calculation for each point of the original table.

Obtain the results of temperature calculation:

Initial data Calculated T = f(R)

R[Ohm] TIK] —> R[OhM] = TIK]
35670 273 35670 273
27230 278 27230 278
20960 283 20060 283
16260 288 16260 288
12710 293 12710 293
10000 298 10000 298
7920 303 7920 303
6320 308 6320 308
5070 313 5070 313
4090 318 4000 318
3320 323 3320 323
2710 328 2710 328

It is also possible to carry out a reverse
calculation: enter temperature, and
calculate resistance.

R [Ohm]: 0.00
T [°K]: 273

Ak 4K

In the field "T[K]:" enter the temperature from the table, click the
button "Calc". Repeat the calculation for each point of the original
table.

Inverse Calculation of

Initial Data —_—> R

R[Ohm] TIK] R[Ohm] TIK]
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35670 273 35670 273
27230 278 27242 278
20960 283 20970 283
16260 288 16266 288
12710 293 12709 293
10000 298 10000 298
7920 303 7922 308
6320 308 6316 308
5070 313 5067 313
4090 318 4090 318
3320 323 3320 323
2710 328 2710 328

6.4.2. Checking Temperature Measurement Channel

The block "Measurement of the resistance of the thermistor"
allows checking the temperature measurement channel.

Pt 1000 (3.75E03)

b : R [Ohm]: 0,00
1200 § - T [K]: 0,00

anflar

Cale
£ 1100 ———ﬁ:— : : | Measurement of the
=) :

resistance of the thermistor
ADC [hex]: o=

R [Ohm1:

T [K]: =0

4 t t u 4 t t u u t
220 240 260 280 300 320 340 360 380 400 |;

K Measurement

T- [K] |RMT

Connect the resistor with which the calibration was done.

Click "Measurement", as a result we obtain the current values for
checking.

The main field here is "ADC [hex]".

ver. 1.04 (2017) page 35 of 68



PL Engineering Ltd DX5100 Vision / User Guide

The controller applies a 24-bit ADC. Hence, the full scale (the
nominal value of the resistance, which we entered in the calibration)
corresponds to the value FFFFFFh. It should be close to this value,
but not equal, otherwise it will be perceived as an overflow.

For checking, we carry out the measurements about 10 times and
observe this parameter.

7. PROGRAM MANAGER

The Controller implements the operational mode "Program". It
allows a various control (stop of regulation, T-regulation, PID control,
maintaining a constant voltage) in time. Programs are stored in the
controller nonvolatile memory.

In addition to direct control by the program (here we mean the launch
of the program from your computer), the controller will also enter this
mode when:

1. Autostart after power up, see the Chapter "Autostart
adjustment”;

2. Upon receiving the signal from the outside, see the Chapter
"Digital Input Control. DX5107".

To edit a program of regulation in time there is a tab "Program
manager".

71 DX5100 Vision - [13:53:22]

File Options | Operations | Monitor  View Help
#f o | @Y 1. Communication
2. Backup and Restore 4
Device of RM| . -
3. Setting alarm limits 4

| DX5100 | [°c 4. Thermistor settings

COM List |§‘E 5. Program Manager
] 6. Boot Mode
271. Commy .E

: 7. Criterion of Signal of Setting
B 8. Digital Input-Output

The controller supports 16 programs, 50 lines each:
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e TEC
File Options Operations Monitar  View Help
LI owx e e ] £ 253 @M T BBl 12
[r] #5213 19.01.2012 (0X5100.334)  cammand interface RS232 WAKE-BIN 19200 baud (COMa)

|8 E| & @ @ & |operations with files: |

@9 @10 @1 @12 13 @ 1s L 15

~ Programum Linehum vl Time Mode NextProghum  NextProgline  Statelmage
0 0 250.15 60 Temperature maintenance {PID) 0 1 %]
0 1 s &0 Temperature maintenance (PID) 0 ERE |
0 2 283.15 60 Temperature maintenance (PID) 0 |

:I 0 3 323.15 50 Temperature maintenance (PID) 15 0o ¥

The tabs from 0 to 15 correspond to the programs in the controller,
the green indicator on the tab of the program indicates that the
program is available. The controller can auto-switch to this program
on the signal from the digital board™.

You can edit lines of the program:

File Options Operations  Monitor  View Help
(L v be be #] £ % 3¢ @ W

[l Device of RMTitd Exhibition #003 (DX5100.333) command interface R5232 WAKE-BIN 19200 baud (COM14)

= |Programhium |LineNum |val |Time: |Mode |NextProghium |NextProgline | [~
0 0 250,15 60 Temperature maintenance (PID) 0 1 #]

Cl 0 1 263,15 60 Temperature maintenance (PID) || 0 2] #]

| i 2 283.15 60 Temperature maintenance (PID) 0 3 ®

il n = 277 18 &N [ Tamnarahira maintanancs BT n a &1

™ For more details see "Termoelectric Cooler Controller DX5100
Technical Manual”
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DX5100 Vision 1.0.1.2 ] o] B |t |
-
File Options Operstions  Monitor  View Help
v ly e d) £ %3 @ET BE 2
B #5213 19.01.2012 (DX5100.334) command interface RS232 WAKE-BIN 19200 baud (COM3) COM List
| 8a | @ Pel |0pera!ions with files: I &
@o @1 2 3 4 5 5 7 3 3 10 1 12 13 14 15
~ Programhium Linehum  Val Time Mode NextProghum  NextProgline  Statelmage =
0 0 250.15 60 Temperature maintenance (PID) 0 1 ¥
0 1 263.15 60 Temperature maintenance (PID) 0 2 ¥
0 2 831S 60 Temperature maintenance (PID) 0 ER ]
0 3 323.15 60 Temperature maintenance (PID) 0 4 %]
0 4 34315 60 Temperature maintenance (PID) 0 5 #]
0 5 323.15 60 Temperature maintenance (PID) 0 s %]
0 6 283.15 60 Temperature maintenance (PID) 0 7 #]
0 7 8315 60 Temperature maintenance (PID) 0 s #]
» 0 8 0.00 | = 15 -1 B
o 9 NAN 65535 Interdiction of requlation 15 1
T-requlation B
0 o AN 69535 Temperature maintenance (FI0) 1 !
0 1 NAN 65535 Constant voltage 15 -1
0 12 NAN 55535 15 -1

The first two fields "ProgramNum" and "LineNum" cannot be
edited.

The field "Val" is a field of the type float and stores the setpoint for
the control command.

The next field "Time" is the time, in seconds, during which the mode
given in the line of the program will run.

The field "Mode" actually is a mode (stop of regulation, T-regulation,
PID control, maintaining a constant voltage).

The fields "NextProgNum" and "NextProgLine" contain the number
of a program and of a line, to which the control will pass after the
period "Time".

The field "Statelmage" is a reference one and marks the lines of the
program, whose addresses of transitions to the next line are correct.

If the address to the next line is not correct, the controller stops
control and passes to the mode "IDLE".

‘ =W ‘ @ Fel |Operationswithf|les: =)

@o @1 2 3 4 5 & 7 8

v
=]
]
oy

The tab has its own toolbar, which contains buttons, as follows:
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e The button "Save All" saves all the edited lines of the current
program in the controller;

e The button "Save current line" changes the current line in the
controller. The edited lines are highlighted in yellow. The button
is only available on the line changed.

e The button "Refresh" updates a current program by data from
the controller;

e Two buttons of changing the program status, change the
controller status - a criterion of the program validity;

e The button "Clear program line" cleans a current line of the
program;

e  File operations:
0 Save a current program to a file, the file extension is *.csv;

0 Read a previously saved program from a file.

8. AUTOSTART CONFIGURATION

The controller can be configured into various operational modes of
after powered.

-

[»] DX5100 Vision - [14:11:41]

File Options | Operations | Monitor ~ View Help

#f% 't | @Y 1. Communication

2. Backup and Restore 4
Device of RM| . -
Setting alarm limits 4
|B px5100 | [*c| 4. Thermistor settings
COM List | 3= 5. Program Manager
—|E| Boot Mode
24 1. Commi .E 7. Criterion of Signal of Setting

e v o= w

ga

Digital Input-Cutput

1. Regulation disabled
2. Operation by program
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3. Temperature control
4. PID-control
5. Maintaining of constant voltage

To select autostart, use the tab "Boot Mode". You can set
necessary parameters for the different modes. The links provide
reference information on possible modes of operation.

Start of regulation after restarting

Channel #1 Channel #2 Operation modes:
Mode: Idle + Mode: Idle - » Constant Temperature (PID-Regulation
» Constant Voltage
Programm Programm » Requlation accoerding to program
. . - il !
Start with . ) Start with . ) * T-Requlation (Rela
program # program #
Delay before . ) Delay before .
start (sec): start (sec):
Show prog Show prog
T-Regulation T-Regulation
TIK]: | 293.00 TIK]: | 293.00
FID Regulation PID Regulation
T[K]: | 293.00 T[K]: | 293.00
Constant Voltage Constant Voltage
U vI: 0.00 U [vI: 0.00
Apply

9. CONDITIONS OF SIGNALING OF SETPOINT ATTAINMENT
The device implements PID temperature control. See Section 9. "PID
Tuning".

It is necessary to establish criteria for setting and resetting
signalization on reaching the desired temperature.

In addition to maintaining temperature constant, the device supports
the temperature changing in time - cycling. This function is performed
by automatically changing the setpoint in time in accordance with the
program by a customer.
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F —
DX5100 Vision - [14:13:24]

File Options | Operations [ Moniter  View Help
#% Jc | @Y 1. Communication
2. Backup and Restore 4
Device of RM| . .
. Setting alarm limits 4
|H px5100 | ['t 4. Thermistor settings
. Program Manager

. Boot Mode

COM List ;‘E
—

¢ 1. Commi
[ ]

. Criterion of Signal of Setting

[ N I R T Y

. Digital Input-Output

One can control and, if necessary, change the criteria for the set
point achieved, by the tab "Criterion of Signal of Setting".

Criterion of Signal of Setting

Channel #1 Channel #2

di (2...255): 20 % di(2...255): 20 *

dz (2...255): 10 * d2 (2...255): 10 *
Allowable 0.15 = Allowable 0.15 =
deviation: ' M deviation: ) M

Apply

The parameters to be entered:

dl - 2...255 - number of periods of PID, after which, if the
temperature exceeded the set limits, the corresponding status signal
is removed

d2 - 2...255 - number of periods of PID, after which, if the
temperature is within limits, a corresponding status signal is
generated

The parameter d2 should not exceed d1. Both the parameters must
not be less than "2".

The meaning of the parameters set and of the status of digital
outputs is displayed on the chart.
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10. DIGITAL INPUT CONTROL (DX5107)

The board DX5107

When using the board DX5107 the controller can carry out the
following:

e  Control of digital outputs, depending on temperature of the
channel (each channel). The board has a relay that triggers
after a certain period of time after reaching the desired
temperature.

e LED indication of digital output status.
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e  Transition to programs of channel control by signals arriving
at the digital input. That is, using an external influence the
controller can be transferred into different modes of
regulation.

e  Synchronization of the controller with the work of external
devices, and external events processing.

DX5100 Vision - [14:17:45]

File Options | Operations| Monitor  View Help

Ef 2 I‘:: 2d 1. Communication

2, Backup and Restore 4

ice of
R 3. Setting alarm limits L4

Available CoM| [°€ 4. Thermistor settings

State Comm 5. Program Manager

S
[ @ | ]| 6.Boot Mode
El - @ | .E 7. Criterion of Signal of Setting
= = |.!|

8. Digital Input-Cutput

Activating the settings tab, digital input-output

Digital Input-Output Board DX5107

Channel #1 Channel #2
Digital Input [ Digital Input
Program on falling Program on rising Program on falling Program on rising
Start with -/ . Start with ) Start with -/ . Start with )
program # L program # 0 program # 15 program # 15
[ Show prog ] [ Show prog ] [ Show prog ] [ Show prog ]

By the board DX5107 the contreller can carry out:

» Control of a digital output depending on temperature of a channel (for each channel). On the circuit board
there is a relay which responds a certain period after of the set temperature is achieved.

s LED indication of the status of the digital output

» Transition to the programs of control of channels by the signals entering the digital input. Le. manipulating
from the outside, for example by buttons, it is possible to transfer the controller to various modes of
regulation.

» Synchronization of work of the controller with work of external devices and with external events

= For external commutations there are connectors located on two sides of the board.
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The marks "Digital Input" and "Digital Output" allow or prohibit the
use of the digital input-output. For each channel, you can enter the
program number to control the operation whenever the input signal
changes.

The button "Show program" will switch you to the program manager
tab and load the program the appropriate number.

11. PID TUNING

To fine-tune the PID controller the tab is provided:

PID TUNING @ Channel #1 Channel £2

Proportional coefficient: 0.030 I_l PID Setpoint [K]: 293.00 3 \El

- | Telemetry output =
Integral cosfficient: o.so0 : @ period (1 2251 10 : @

Differential coefficient: 0.000 =
|AAUTO—PID| |Q START H@‘ sTOR \

T

@ (-}’ 88 @ @ Drag Left button to Zoom, Right button to Seroll .’ _

Here you can set the PID controller coefficients, plot the setpoint
attaining curve at different values of the coefficients. The controller
has a built-in function "AUTO-PID". When using it, you may get the
initial values of the coefficients.

11.1. AUTO-PID FUNCTION

11.1.1. Introduction

The finding of optimum parameters of regulation of the given object is
quite a delicate and long procedure. It is a consecutive experimental
choice of parameters.

At the same time the quality of regulation of temperature depends on
the optimality of the set parameters.

Attention! The parameters preset at the device delivery are formal
and do not concern a real controlled object.

With the purpose of simplification of the PID controller optimum
parameters choice in the TEC Controller DX5100 the function auto-
PID is realized.
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This function realizes the known Ziegler-Nichols algorithm. The user
applying this function can use the obtained PID controller parameters
for the subsequent accurate adjustment or apply the given
parameters directly to the control of the object.

Attention! Before starting the auto-PID function it is necessary to set
thermoelectric module maximal allowable voltage.

Attention! Nevertheless the manufacturer regards the parameters
obtained with the help of the built-in auto-PID function as estimated
and not quite optimum. It is recommended to check up the obtained
parameters and if necessary to carry out a more accurate tuning of
the PID parameters depending on the required quality of the thermal
regulation.

11.1.2. Ziegler-Nichols Algorithm

In the Controller DX5100 one of the known algorithms of an
automatic finding of the PID parameters is realized.

When the object of regulation is exposed to voltage (current) of a
certain value the dynamic characteristic of the object of regulation is
obtained as the parameters of its transition into a stationary condition
at a given influence.

The figure below illustrates the dynamics of the process and the
required parameters.

dP

du

A
Y

A
A4

The required parameters are:
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- Deadtime 7p
- Process gain S
“Tau
dp °

The found values of the specified parameters by the Ziegler-Nichols
method enable to estimate the PID parameters as:

Proportional coefficient 1,2xK

Integral coefficient 2x 1o

Differential coefficient 0,5x 7o
11.2. PID TUNING TIPS

The tuning quality can be estimated by different criteria: by the rate of
achieving the setpoint, by the minimal overshot, by accuracy of
setpoint maintenance. The tuning quality can also be estimation by
the transient process of achieving the setpoint. Recommendations for
PID tuning by the form of the starting curve are given below.

1. Set values of integrated and differential components equal to
zero:

Ki=0; Kd=0

Modify the value of the proportional component factor so that the
form of the transitive characteristic correspond that of curve 2 or 3.
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Kpl>Kp2>Kp3>Kp4>Kp5

Ttarget

T0,

2. Modify the value of the differential component factor so that the
form of the transitive characteristic correspond that of curve 2.

Ttarget

T0

3. The integrated component is intended to remove a residual
mismatch between the temperature value achieved in the system and
the setpoint. Modify the value of the proportional component factor so
that the form of the transitive characteristic correspond that of curve
3.

r

4

Ttarget A%d/’- -----

/ 1/
TO
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PID TUNING @ Channel £1 @ Channel £2
Proportional coefficient: 2,133 PID Setpoint [K]: 340.00
. . Telemetry output .
Integral coefficient: 0.109 7 period (1..255) 10 3

Differential coefficient: 0.230 7

IAAUTO-PIDH’ START H@" STOP ]

[E $ HB @ IE Drag Left button to Zoom, Right button to Scroll .’ _

[+ — 0.030 0.500 0.000

500

¥ — 1.842 0.109 0.230
¥ — 1.505 0.109 0.230

azn ¥ — 2.133 0.109 0.230

340
3z0
300

ThD 006D OV L3 1 £ 00 o O D ol = 01 DL P (5l 00 20 30 4 £ O 380 04 00 g 1D w0 < T i e £
T O )0 8 T o) 45 ) 3L o €530 Pom e A5 IS oF 0207 00 ) e DD L) S % o O O o 23003 00

S bt 0109 09 o UL LB P o 0000 O 5 S e 0 00 07 0 o L L i iodd P G000 06 0 0 O
A

T [K] RMT

12. TERMINAL

12.1. How to Communicate with Controller via System of
Commands™

For a maximum flexibility, the controller gives an opportunity of
communicating in the terminal mode. For example, you can develop
your own model of the controller behavior, regulation using various
input parameters; you can change settings and coefficients affecting
the controller logic, etc.

12 See the documentation "DX5100 Table of Commands V320"
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In the upper right window of the edit box specify the address of the
controller and the extended address. The controller DX5100
extended address is always 0200.

|
DX5100 Vision 1.0.1.2 [ES Qe

File Options Operations  Monitor  View Help

E] Device of RMTitd (DX5100.334) command interface RS232 WAKE-BIN 19200 baud (COM4)
Terminal mode

0103> C:\Program Files (x86)\RMT Ltd\DX

ooy oubz bomo ERo1-ADCLUtech.csv -
(L]02-ADC2 Utect. csv

0104< "DX5100.334™ 0000

o105 (EL]03-ADCS Ttec. csv

[ZLj04-ADCE Ttecl.csv
(]06-DACO.csv
(EL)07-ADC 3 Ttecl.csv

0105< "Device of RMTltd"™ 00 0000

(Zh]08-ADC4 Ttect.csv
(EL Adjustment ADC5 T0.csv

=L Adjustment ADCS TLesy| |
E3Y communication, csv -

CAPTION COMMAND CHECKED TIME -
} Send Echo (and switch cormsnd interface) 0z E3sE” | El
Send Device Identifier R =
Send Device Firmware Version 04 _ =
Send Information of Device 05 _ =
53 =
Set Wetwork Device Address 07 1 = il
B DX5100 Vision 27.03.2012 T- [K] RMT

In the next entry field you can enter commands sent to the controller
(in an appropriate format described in the controller documentation*?.

The output window displays information received from the controller
in response to the command.
12.2. How to Save Sets of Commands in File

You can create new sets of commands and save them for later use.
To do this, use the toolbar located to the right. The "New" button
causes a pop-up menu:
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0103 C:\Program Files (x86)\RMT Ltd\DX
0103< 0102 0000 EpIADCIUed s | e

0104>

02
0104< "DX5100.334™ 0000 & gi:gg?:&c&'csv | -
08> EosocsTecncsy | |[[7+]

0105< "Dewvice of RMTltd"™ 00 0000 |D e Emptyfile (*.csv)

@ Convert old format file (*.ini) to new (*.csv) file

=] Adjustment ADC5 TO.cs\

L] Adjustment ADCS T1.csv
24 communication. csv - u

CAPTION COMMAND CHECKED TIME

-
P Send Echo (and switch commsnd interface) 0z "Ess” [ |_E|
Send Device Identifier ER [}
Send Deviece Firmware Version 04 _ =
Send Information of Device 05 _ =
53 =
Set Network Device Address 07 1 ] il
B Dx5100 Vision 27.03.2012 T- [K] RMT
=

When creating a new file, you will be prompted for a filename. Then
you can start typing commands line by line in the table.

0114< 05 1.010000e-04 1 04 0000 (=] Adjustment ADCS TO.csv

011> 5 | &L Adjustment ADC6 T1.csv
01l6< 05 00adadfs 1.090036e+03 Z.968708e+0Z 0000 ﬂ:cgmmunicaﬁgmcsv
0116> 5

0llé< 05 00a4ad33 1.05001l€e+03 Z.9€8€55e+02 0000

% [new.csv

| —————
CAPTION COMMAND CHECKED TIME
O
request of ADC input factor (TO) 14 5 ]
P measurement of TO 16 5 ]

To execute a command, you must click on the button "+" in the
appropriate row of the table. When working with the table, you can
use the context menu:

12.3. Conversion of Files with Commands from Program
"Terminal”

If you previously used the program "Terminal" you may have saved
command files of the old format (*.ini). In this case, you can convert
them for the use in DX5100 Vision.
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PL Engineering Ltd

B Create empty file (*.csv)

|@- Convert old format file (*.ini) to new (*.csv) file

12.4. Usage of Set of Commands as Macros

.’ Clear command

& Checkall
Unchek all

S Insert row

x Delete row

You can execute single commands, and can mark necessary
commands, set the delay time (duration in milliseconds after the
command execution) and click on the Start button on the right

toolbar.
0135< oobe (£Lj04-ADCS TtecL.csv
0135> 0 3 310 . (ELj06-DACD. csv
0135< 00040 (EL)07-ADC3 Itecd. csv
0135 0 3 270 _ (ZL)08-ADCA Ttec 1. csv
0135< 0400

0135 0 0 0 -
| 0135< 0000

0135> 0 4 3.2 . 38 new, csv

;J

(] Adjustment ADC5 T0.csv
(¥l Adjustment ADC6 T1.csv
L communication, csv

0135< 0000 el cev
CAPTION COMMAND CHECKED
PID 1 set 310 K 35 0 3 310
PID 1 set 270 K 35 0 3 270
IDLE 35000
Constant voltage cooling 3504 3.2
P Constant voltage heating 35 0 4 -3.2

= F‘m

»

20000
20000

5000
10000

10000

m

B DX5100 Vision 27.03.2012 T- [K] RMT |Start maco
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The commands will be executed sequentially from top to bottom.

12.5. Cyclic execution of Macros.

You can also perform sets of commands in cycle. To do it, it
is necessary to click the button "Run macro as cycle" and X
then " Start macro". [ -
The button "Stop" interrupts the execution. -
You can use the cyclic execution of macros, simultaneously
viewing charts in the window "Monitor" (see the next b
section). m
CAPTION COMMAND CHECKED TIME
BID 1 set 310 E 35 0 3 310 20000
BPID 1 =et 270 E 35 0 3 270 Z0000
IDLE 35 000 5000
Constant voltage cooling 35 0 4 3.2 10000
} Constant voltage heating 35 0 4 -3.2 10000

For example, the result of looping of this commands set will be the
following graph of the temperature of the cold side of thermoelectric

module connected to the controller first channel:

Device Monitor - [15:54:25]

TR IR Telemetry output T,
(") Command @ Non command period (1-255) Run ChN 1
Charti Temperature TEC1 - = o A

Poirt: 364
Walue 270.01 K
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38 idle

41 PID, (setpoint 310.00 K)
PID, (setpoint 270.00 K)
idle

25 constant voltage

46 PID, (setpoint 310.00 K)
PID, (setpoint 270.00 K)
idle

31 constant voltage

51 PID, (setpoint 310.00 K)
PID, (setpoint 270.00 K)
idle

16:16:36 constant voltage
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13. MONITOR

13.1.

The program ha the following modes: monitoring the current status of
the controller, telemetry by a user's choice, charting, data storage for
later analysis.

Telemetry Start

The monitor window is not for parameters setting. You can only
receive information from the controller and control the current
behavior and regulation by one or two channels.

Window of monitor:

290
285
2860
275
270
265
260
255
250

%1 Device Monitor - [15:01:56] =Anch X
Telemetry interface Tekmctry ailpit T v x =
() Command @ Mon command period (1-255) RunchN 1 Start Stop Hide
Chart1l [* Temperature TEC1 v - *®» A
Foirt: 318 T e
Valus: 27865K | |14:55:45 PID, (setpoint 250,15 K)

14:56:45 idle
14:57:45 PID, (setpoint 280,00 K)
58:05 idle
:59:35 PID, (setpoint 280,00 K)

#14:59:55 idle
715:00:02 constant voltage

15:00:02 program
15:00:03 PID, (setpoint 250,15 K)
15:01:03 idle

Chart2 *E Current TECI v = = » H
14:55:39 idle
14:55:43 program
[Walei 024 A | |1 4:55.45 PID, (setpoint 250,15 K)
1,4 . 14:56:45 idle
14:57:45 PID, (setpoint 280,00 K)
1.2 14:58:05 idle
" {|14:59:35 PID, (setpoint 280,00 K)
414:59:55 idle
0,8 715:00:02 constant voltage
15:00:02 program
0,6 15:00:03 PID, (setpoint 250,15 K)
o 15:01:03 idle
Il
0,2
Chart 2

The group of radio buttons "Telemetry interface" allows selecting
an interface for sending telemetry data. If you do not not use the
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command interface *°, the choice is not available and the telemetry
speed will be lower.

The telemetry period is the interval at which the controller will
generate telemetry data. It can take the values from 1 to 255, 1
corresponds to 10 ms.

For the command interface we recommend to choose this value not
less than 50, you can determine the optimal value experimentally.

The buttons «Start» and «Stop» start and stop telemetry. Pay
attention to the fact that they do not affect the regulation, i.e. if you
switch on the telemetry, choose and run the regulation mode, and
then turn off the telemetry by clicking on the stop button, the
controller will continue to regulate in the mode selected.

13.2. Choice of Regulation Mode

The regulation mode can be chosen from the dropdown menu of the
corresponding channel:

Itput 1 o
253) Run ChN 1

= i § X Stop regulation

W=| Program 14:55:39 idle
v i 14:55:43 program
I T-reguiation 8K |14:55:45 PID, (setpoint 250,15 K)

["‘C Temperature maintenance (PID) * 14:56:45 idle
14:57:45 PID, (setpoint 280,00 K)

#% Constant voltage 14:58:05 idle
U %14:59:35 PID, (setpoint 280,00 K)

{14:59:55 idle

If the channel is not available, the menu of this channel will not be
available either.

When selecting a regulation mode, the program will prompt you for
the necessary data:

'3 See Sections "3.1 Controller to Computer Connection Options"
and "1.2. How to Adjust Computer Serial Port"
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e Mode "Program":

PL Engineering Ltd

-

Start program

Input number {0-15):

]

[

K H Cancel ]

—_— .

. Mode "T-regulation":

P

Start T-regulation - [15:05:32]

]

Input setpaint [K]

250, 15

[

oK ] [ Cancel

. Mode of PID temperature control:

0 Starting with the controller version DX5100.333 it is
possible to change a temperature setpoint without

restarting PID:

= | B e
T T v x -
Run ChM 1 Start Stop Hide

i X Stop regulation

.E| Program
Jrc T-regulation
- ["‘E Temperature maintenance (PID)

##% Constant voltage

ver. 1.04 (2017)

14:55:39 idle
14:55:43 program

- Start PID
Only setpoint change

14:55:45 PIN. (setnnint 250,15 K)

280,00 K)
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0 Request for setpoint:

-
Start Temperature maintenance... @

Input setpaint [K]
50,15

[ oK ][ Cancel ]

=

e Mode "Constant voltage":

Start Constant voltage M

Input setpoint [V] between -6.01 and 6.01

1.00

[ oK H Cancel

0 See the Chapter "5.1 Setting Limits of TEC Voltage"

13.3. Charts

It is possible to build two graphs simultaneously; the choice of
parameters for each graph is done from the drop-down list:
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-
Device Monitor - [15:16:42]

Telemetry interface Telemetry output 1 ?

() Command @ Non command perind (1-255) RunChN 1

Chart1 |t Temperature TEC1 l:] = o ﬁ » A
Supply Voltage
#% Voltage TEC1
440_ Current TEC1
PPl | Temperature TEC1
#% voltage TEC2
400- ¢
3 D_'E: Current TEC2
360 - J Temperature TEC2
I

Each chart has its own toolbar:

[} [} m n
e The buttons + and = allow
minimizing/maximizing the chart window:

Device Monitor - [15:15:58] = | E )
clestagisga Telemetry output L T T v x =

() Command @ Nan command period (1-255) Run ChN 1 Start Stop Hide
Chart1 't Temperature TEC1 =+ 28% B _
Chart2 £ currentTECI =+ 2% @ _

e Next button is zooming (the default chart width is 200
pixels):

Paint: 550
/| “alue: 293 06 K

285
260
275
270+
265
260
255
250
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e  Button of scale recovery (200 pixels):

440+
420+
400+
380 :
60 E
340 b
3204
3004
280-_——\——\
260+

240+
220+
200

e  Storage button saves the data to an Excel file:

A B
1 |Index Y
2 ] 299.46
3 1 295.46
4 2 299.46
15:10:58 idle 5 3 299,46
15:11:05 PID, (setpoint 250,15 K)
15:12:05 idle 6 4  299.46
15:13:05 PID, (=etpoint 280,00 K) 7 5 299,47
15:13:25 PID, (setpoint 250,15 K)

|15:14:25 idle 8 6  299.46

{15:15:25 PID, (setpoint 280,00 K) g 7 299,46

§15:15:45 PID, (setpoint 250,15 K)

115:16:45 idle 10 8 299.46
15:17:45 PID, (=etpoint 280,00 K) 11 q 299.46
15:18:05 PID, (=etpoint 250,15 K)

15:19:05 idle 12 0 293.46
15:20:05 PID, (setpoint 280,00 K) 13 11 2599.47
15:20:25 PID, (setpoint 250,15 K)
14 12 299.46
15 13 299.46
16 14 2959.46
17 15 299.46
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13.4. Status Bar

On the right side of each graph there is a status bar that displays the
controller current mode and the telemetry value:

14. UPDATE

Our company is eager to provide you with the most suitable
mechanisms to solve your tasks. The sphere of these tasks is
constantly growing - there are new problems, new options for using
the equipment. For feedback you can use the form "About".

We are always glad to offer you all the possible assistance.

14.1. Software Update

The update of DX5100 Vision program is available in the window
"About".

Download ﬁ

23% | J

Or on our web: http://www.promin.ru/downloads/

14.2. Firmware Update

To update the firmware of the controller you can use the master
"Firmware Programming Wizard" on the starting tab of the
program.

DX5100 Vision 10.1.2 ==
File Options Operations Monitor  View Help )

Select and open the serial port to which the device is connected
_ | pxs100 Available COM ports on system: 19200 Close Firmware Programming Wizard |
Intertace -
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Here are the steps that are necessary for the successful
programming of the controller:

14.2.1. How to Prepare for Controller Programming

f bl
DX5100 Firmware programming = E‘E‘ﬂ_ﬁj

=
This wizard helps you update firmware version

Device is not switched ON!

Flace jumper to mentioned connector (XP3 of DX5101)
Connect cable R5232 to free COM part of FC.
Connect cable R5232 to ¥P10 of DX5101,

RN

il

)
[~ L

L 1Y i - v
= _-.n,,q-,_-_..,l Lj“lj}cfﬂ /o

Place jumper to mentioned connector (with wire between contacts 1and 3).

.

e  Turn off the controller power;
e  Set the jumper supplied to the connector "PRG";

e Proceed to the next page of the wizard;

14.2.2. Selection of Firmware File

Select the file location: "Internet update";
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e e T i

I How to download B
File location

" Internet update

I e

Select the version of the file;

e e R T

I How to download B
" Search file on local computer

File location

program file

available updates
IADISPIE ADCYE?

pxs100-334.0x

The length of the device description line is reduced {the 3 334 DX5100-334.DX -

command 06) - 16 charactersThe length of the telemetry
to the non-command interface iz normalized (& characters)
per parameter, The T-regulation mode is changed. Mot it
involves not reverse polarity, but shutdown, Thatis,
supply voltage is determined by & mismatch and sign of the
T-requlation voltage (maintaining is more accurate

now). The calibration and storage of the settings are now
done for all the options of configuration of the
temperature measuring ADC inputs.Four new commands
are available: 1c ... 1f to enable storage of the settings
for all the options. Settings of the inputs of temperature
measurement. The calibration resistors are exduded from
the delivery set.

333 DX5100-333.DX
332 DX5100-332.DX
331 DX5100-331.DX

< Back | Mext > Cancel

Proceed to the next page of the wizard;

14.2.3. Programming
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Attention! Turn on the controller power

If you want to change the serial port number and speed of
programming, press the button " Start".

s
DX5100 Firmware programming -~ — l<:§> J g@g
Validating program file: Ok
DX5100-334.0X ,7/
Settings Info
Boot Loader Ver: 180780F 13
, - > RREA1S
Download Baudrate: L
= RWFCF3
S > RWFD2A
= RWEFAG
[] Advanced > RWFEG3
= MO000 ok
>E
=
Line 297 of 2097
.......... 14% ]
H
< Back Mext = Cancel
eH G second Timer (HMSEC) 68
Firmware update completed successfully
I |
L J
| :
< Back |l Next > ] [ Cancel
IS

Proceed to the next page of the wizard;
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14.2.4. How to Set Connection Rate
Programming

PL Engineering Ltd

in Controller after

After programming the controller, the setting of the connection rate
may have changed. There is a special procedure of setting new

parameters:

-
DX5100 Firmware programming N

S R

- .

2 4.’}-(‘/-'*“,—}

*r“}rf*

12200 - Set ]

You must remove the jumper and restart the controller.

Then select the connection speed and click "Set".

Remove the jumper, reset the controller, select the speed you are

going to use in future to work with the controller.

Press the button "Set".

-

Result . ‘

===

I.-"'_"‘-.I Congratulations.

Adjustment connection: R5232-BIN-19200

W Please reboot the controller. Mow you can use the following

ver. 1.04 (2017)
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