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Introduction

The purpose of this tutorial is to demonstrate the i* mathematical functions and
graphical representation capabilities with bar graphs, trends and meters.

The i* has basic mathematical functions such as add, multiply, subtract and divide but
it has can perform floating-point maths. Therefore the i® has sine, cosine and tan
functions amongst others in special Advanced Maths operations.

Programming Maths Functions

Design a program where the user can enter the year they were born and the i will
calculate how many days they have been alive for (approximately). The program will
then have another screen where the user will enter the radius of a circle and the i will
calculate the area, circumference and diameter. Finally we will set up the trend
function to display the result of a sine calculation.

Memory requirements of mathematical functions

The i° can handle floating point maths as well as standard integer maths. These
calculations require different data types and the different data types require different
sizes of memory to store them.

Data Types

BOOL - Boolean; A single bit. It can contain only the values '0' or '1', a.k.a
‘FALSE’ or ‘TRUE’

BYTE - Byte; A string of 8 consecutive bits. Byte format is used more where
the value of the data is not as important as the bit patterns (shifts and
rotates).

WORD - Word; A string of 16 consecutive bits. Word format is used more

where the value of the data is not as important as the bit patterns (shifts
and rotates).

DWORD -  Double Word; A string of 32 consecutive bits. DWORD format is used
where the value of the data is not as important as the bit patterns (shifts
and rotates).
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INT - Integer; A 16-bit signed value. Integers are used where the value of the
data is expected to be in the range of -32,768 to +32,767

SINT - Short Integer; An 8-bit signed value. Short Integers are used where the
value of the data is expected to be in the range of -128 to +127.

DINT - Double Integer; A 32-bit signed value. Double Integers are used where

the value of the data is expected to be in the range of -2,147,483,648 to
+2,147,483,647.

UINT - Unsigned Integer; A 16-bit unsigned value. Unsigned Integers are used
where the value of the data is expected to be in the range of -0 (zero) to
65,535.

USINT - Unsigned Short Integer; An 8-bit unsigned value. Unsigned Short
Integers are used where the value of the data is expected to be in the
range of O (zero) to 255

UDINT - Unsigned Double Integer; A 32-bit unsigned value. Unsigned Double
Integers are used where the value of the data is expected to be in the
range of 0 (zero) to 4,294,967,296.

REAL - Floating Point; A 32-bit value. Values are stored and operated on in
IEEE single precision (six digit) format. VValues range from -
3.40282E+38 to +3.40282E+38.

STRING -  String; A variable-length succession of characters. Each character is
represented by one byte.
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Programming the ladder logic

We will begin by writing the code for the days lived calculation. First we will subtract
the year of birth from the current year to find the years lived. Then multiply the years
lived by 365 (days in a year) to find the approximate days lived.

Insert a N/O contact at Al and assign to %S07, Always ON (ALW_ON). This is so
that the function blocks on this rung are always enabled.

Select the Subtract function from the maths operations menu and insert it into the rung
and enter the following detail.

Subtract Function

Marme: |current_pear

=l
Mame: |hirth_l,lear j
Output: [3R0003 = Name: |years_fived ~|

Tvpe: (INT =~ ok | cancel

Next insert a Multiply function to the right of the Subtract function on the same rung.
Enter the details as shown below.

Multiply Function El
M ame: |_I,Jears_lived j
Hame: | j
Output; lm Hare: |da_|,-s_lived j
Type: |INT ﬂ | 0k | Cancel |

The line of ladder logic should now look like the logic below.

[* Subtract the birth year from the current year to find out how many years the uzer has lived. *]

-“'—W_':I'N Sueg MUuL
— | CUrrent_yea int years_lived int
%50007 ZRO00THINT | years_jived ZRO003AINT | days_lived
birth_year QF%R0003 QF=R0004
ZR000Z2—IM2 JE5-IN2
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The formulas to calculate the diameter, circumference and area of a circle from the
radius are as follows:

d=2r d = diameter
circ =2ar r = radius
area = 212 circ = circumference

n=3.14

We are going to perform each calculation on a separate line, this is just so that it is
easy to view. Each line will begin with an Always On (ALW_ON) contact, so that the
functions are always enabled.

(- diameter = 2 *radius, cricumrerence - 2-3. ([T A |
Inpuit 1: | - Name: |radius -
] aL%_ 0N MUL / Input E:M Mame: ’—L|
dlameter—l I iaaliE real Dutput: {R0003 - Mame: | diameter -
Z50007 ZRO005—INT i
1] -ZEIIEEE;BH Tope: [REAL | ok | cencel
circumference sINz ——
AL O HMUL —> Input 1: [EEETTE j Mare: |diameter j
[
_I 8 diameter rel Input 2:|3_14 j Mame: | j
#50007 ZR0009INT  cilcumference Output [ = Name: [ =|
u ik, WPUE R 0013 - AME: | circumference -
314-IN2 Tvpe: [REAL | 0K Cancel
area
“-'—"-\’_':I'N Expt MUL
— 1 radiuz real radius_=q |
XS I:II:II:I? XH DE":IE_ IN1 radiug_gq '?:‘-D’H DDD?_ |“1 area
QrxRO007 Qr=R0011
2-IN2 314IM2
I |
Input 1: [PTNE Mame: | radius - Input 1: [ET=Ti - Name: ’m
Input 22 - Mame: = Input Z.W Marme: ’—L|
Output (2R 0007 - Mame: [radius_sq - Dutput: [sR0011 - Name: [req -
gz | B oK. | Cancel Tepe: [REAL | oK. | Cancel

All of the calculations performed are using the data format Real. These require two
registers, please note that the register addresses are at least 2 consecutive numbers
apart. i.e. the variable “radius” is stored in %R05 and %R06 but it is only addressed to

%RO05.
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Lastly we are going to write the logic for the trend.

IMO

The sine function is going to operate on a set of values; 0-360 in steps of 30. To
achieve this we are going to use a ten-millisecond pulse to add 30 to a register until it

equals a set value.

First insert a N/O contact and address it to %S03 10mS system pulse. This will act as
the trigger for the addition function, then on the same rung add a N/O coils that
operates on a Pulse, addressing it to %MO01. Then on the Rung below insert a N/O
contact in the first column addressing it to %MO1. This gives us an action that
operates only on the rising edge of a transition.

13T 10M5
@ | F—
750003 7M0001

5

Next add the addition function from the maths operations and insert it in the same
rung as the N/O contact. Next insert an Equal to function from the Compare
operations to the right of the addition block. Finally insert a Move function (MOV) to
move 0 into the register when it’s equal to 360. Insert the details into the functions as

shown below.
Iput 1: (23 - Marne: - j M ame: | j
Input 2 [+R o020 = Mame: - Input 2: 350 | MName: | ~|
Output: =R 0020 - Name: = Tpe [REAL x| | oK | Cancel |
Type: |HEAL j | oK | Cancel |
A constant move function
“rwtroes [ pestnston was use as it allows for the
%R0020 Addiess|%A0020 movement of real values
caiges Heme | and keeps the calculation
Toee [REaL = constant in Real data.
Ending reg:
ZR0O020
Murber of ltems: 1 ’Tl Cancel |
The rung of code should now like the ladder logic below.
i ADD EQ_REAL CST
®__| : real MDY
5 | ZMO00 304IN1 ZRO020-IM1 real
- al-xR0020 const leRe
%RO020-IN2 0Nz L
DESTREROO020
&
1M
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Now that the data to be operated on has been configured, insert a N/O contact on the
Run below, in the first rung and assign to the Always On (ALW_ON) system bit. On
this rung we are going to insert two conversion of data type functions and the sine
function.

The sin, cos and tan functions all operate in radians. Thus the input to the function
must be in radian and so the first function to insert on this rung will be a degree to
radian function. This function is in the advanced math operations.

Advanced Math =~ z‘ ¥ |-°5,.| =8 |LI\J|SIN cos | ran | s’ cos'| rad'| ran | oes IT»
Bitwize Dperations 3

Boolean Elemerts ! L @ P @

Compare Operations / \
Corwert Operations
Math Operations

Move Operatiohs
Simple Elements
Timer/Counter O peratio
Special Operations
(Advanced M ath
Comm Operations
String Operations

53

Dearees to Radians
Radians to Dearees

To the right of the degree to radian function we are going to insert the sine function.
Select the sine function from the advanced maths operations. Lastly we are going to
insert a conversion function to convert the function back from radian to degrees.
Which will be more understandable to us.

Degrees to Radians Function E| Radians to Degrees Function

Output: [2R0024 - Marme: - Output: [%R0017 - Marne: -
Type: | J | Ok, | Cancel | Type: | J | Dk | Cancel |
7 laLw_OM RAD SIN DEG
®——| I real real real
T ZS0007 ZR0020-{1M1 %R0024-IN1 ZR00ZE{IM1
18 QrzR0024 QFZR0026 QrEROOT7
Sine Function E|

I ame: -

Dutput: [+ 0026 - Mame: [ |

Tope: | J | Ok | Cancel |
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Remember that Real values
Equation Function require 2 consecutive registers

Calculations could also be performed in the equation function using only one function
block and saving on memory.

The equation function allows the user to enter an equation into a single function

block. To select the function block click on the icon lﬁ in the maths operations
menu.

Double click on the function block to
open up the editor.

. l_-l_qt_h Exprez INT

By clicking on the arrow a

Math Expression Il  menu pops up to display what
=] mathematical operations are
b ath Operations: valid in this function block
|%030=[%R1-%R2)365 B s n
Type: [|MT - Subtrack
(] Multiply *
—  Divide |
Help | Cancel  Modulo M0
T SquareRoot  SORTO

Absolute Yalue ABS()

Enter the expression to calculate the days lived equation into the function as shown,
starting with the result register equal to the expression. If you want to use the value in
a register then enter the register address as shown.
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Numeric Data Properties

Mathematics

Screen Editor Programming

With all the ladder logic configured, we now need to edit the screens to display the
information appropriately.

On the first screen we are going to have the user able to enter the current year and
their year of birth. The screen will then display the days lived calculation result. There
will also be a screen jump button so that the user can scroll through the screen.

Static Text Properties

Inzert Special Char >3 >

Display Properties
Attributes > > > |

[
LG
LG

Justification

T

[ Vertical Text

Background Color >3 | IN“"EI

Foutee [saron =] receon |

X

Controller Register
Register \Width

Address: [T
1E-bit hd

Harme: current_year j
Diata Fomat

Justification Fant:

" Left & Center © Right 547 Fant -
Digits: Decimal Pos. Forrnat

4= o = |Decimal |
[~ Zero Filled Mir: [2000

W Editable [

Max 505
Enginesring Units: j

Display Properties

Attributes = | Background Calar >3 |

Legend >>> Line Colar >»> -
Drata Colar > -

=]

Cancel

@ Numeric Data Properties
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Lay=s Lived
HHHH#H

Contraller R egister

Register width

Addess: |BETIIE
1E-hit -

Hame: birth_year ﬂ
Drata Format

Justification Fant

" Left & Center ¢ Right 547 Fant -
Digits: Decimal Pos. Format

[+ =] o = |Decimal ~|
[ Zero Filed Min: [1950

|v Editable [~

Max: 3000
Engineering Units: j
Dizplay Properties

Attrbutes > | Background Calar >3 ‘

Legend > Line Calar >3 -
Data Colar >33 -

]

Cancel

Screen Jump Properties g‘

Jump ta Sereen Number

Keypress Source
& Attach to nearest soft key

Address / Humber:
15 e  puniiary Register
5] Address
N,—A‘ame Name, ’—4|
£ Cursor Selectable
- (‘

[ Allow ESC to Return

Display Praperties

Abtribiites 33> ‘

Backaground Color 3> ‘

Legend »>> ‘

Line Color 33>

> / Jump to screen 2

. Numeric Data Properties

Controller Register
Reaister \Width
1E-bit hd

Address: |EIINE

Mame:

days_lived j

Diata Format

Justification Font:

" Left & Center  Right 547 Font -
Digits: Decimal Pos. Format

=] [ = |Decimal |
I~ Zera Filled
I~ Editable T

Engineering Units: j

Dizplay Properties

Attributes > | Background Calor >33 |

Legend »»> Line Calor »>> -
_ tsacio> | [

=]

Cancel |
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On the second screen we are going to display the trend of the sine function and have a
screen jump to the next screen.

Trend
Y

|:|1I]2,3?
| I BN B N B BN BN B N B R

Trend Properties E|
Click on the trend icon =2 and insert it Semple Rateill =] [
into the middle of the screen. Resize Configure Pens »>> e TR
the box to get a bigger trend, covering PN ——— Name: [F1_KEY |
almost the full screen. —
Setting the trigger to key 1 and having C smpShaseope . Standad Teerd
the trend type as a Con“nuous Scope’ &+ Continuous Scope " Retentive Trend
means that when the key is pressed Display Properiss
there will be a trend, when it is release atiutes>> | Backgrownd Colar>»> |
the trend Stops Legend »»> | Line Color > | -
Pen Properties E o l cence |
Pen Mumber: ¥ Erable Pen
. Set the pen to match
Contraller Register Pen Color > ‘ - .
the output register of
Address: |zR0017 Line Type: [5oid -] the sin function
Mame: | j
QK | Cancel |
Axis Properties E
# Title: Tirme I Show range for X-Axis
A Y Titlerlsy pui
Set up the axis its
H Az Font 5.7 Fart -
prOpertles as . e I~ Show range far ¥-Asis
shown opposite. K Ticks[12 =] L —
¥ Ticks: (4 El: Y Max 4

QK. | Cancel ‘

On the last screen we are going to have a screen jump back to the first screen so the
user can cycle through. We are also going to display the circle calculations. The user
will only be able to enter into one numeric box.
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Mumeric Data Properties

£

Controller Register

Address: Regizter Width

Hame: [radius ﬂ
D'ata Format

Justification Font:

™ Left  Center  Right 547 Font -
Digits: Decimal Pos. Format

5 = o = |F|ea| / Flaating Pairt ﬂ

[~ Zero Filed Min:|0,0000000
v Editable ™ Max: |5E535 000000
Engineeritg Urits: j

Digplay Properties

Attributes > > > | Background Colar 33> |

Legend »»» Lirie: Ciolar 333 -
[ ata Color »3> -

aK | Cancel |
SA

Set the screen up with the 4
numeric data functions. Set only
the Radius to be editable and
the others are non-editable.

They should all be set to Real /
Floating point to match the data
type used in the ladder logic.

Enter suitable legends and if
you wish enter the Engineering
units as you want.

Fadius .

T B S

Cirec dis ares
-HH H | - | -

Numeric Data Properties E| Numeric Data Properties

§| Numeric Data Properties

Dizplay Properties Dizplay Properties

Controller Register Controller B egizter Contraller Regizter
i i Register Width

hddrass: Reqister Width bddress: [ Register Width egister W

Mame: | cicumberence j Name: | diameter ﬂ Name: [area j
Data Foimat D ata Format [Data Format

Justification Font: Justification Fant: Justification Fort:

" Left & Center " Right 57 Font = " Left  Center  Right 5.7 Fart = " Left & Center " Right 547 Font =
Digits: Decimnal Pos. Farmat Digits: Decimal Pos. Format Digits: Decimal Pos. Forrnat
|5 ::I ‘2 :I |F|ea| / Flaating Paint j |5 ::I |U :I |Real / Flaating Paint j |5 ::I |2 :I |F|ea| / Flaating Paint j
I~ Zera Filled I~ Zero Filed I~ Zera Filled
™ Editable [~ [~ Editable I [” Edtable [~

Engineering Units: j Engineering Units: j Engineering Units: j

Display Properties

Altributes > | Background Color 33> | Attributes >3 ‘ Background Calor »»» | Altributes »>> ‘ Background Color »»» |
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Legend »>> Line Calar »>» - Legend >>> Line Calar »»» - Legend »>> ‘ Line Colar >3 | -
Drata Color »5»» - D ata Color »»> - D ata Color 533 -

Cancel Cancel Cancel




Please refer to the program: “maths_tut.csp” g

==
IMO Precision Controls Limited

1000 Morth Circular Road
Staples Corner, London
NW2 7JP United Kingdom
Tel: +44 (0)20 8452 6444
Fax: +44 (0)20 8450 2274
Email: imo@imopc.com
Web: www.imopc.com

i

IMO Jeambrun Automation SAS
165 Rue Jean Jaures,

94700 Maisons Alfort

Paris, France

Tel: +33 (0)1 45134705
Fax: +33 (0)1 45 13 47 37
Email: info@imope.fr

Web: www.imopc.fr

IMO Deutschland

Far weitere Einzelheiten

zu IMO Agenten und
Distributoren in Threr Nahe
schreiben. Sie bitte ein E-mail
an folgende Adresse:

imo@imopc.com

38

|

IMO Italia

Viale A. Volta 127/a
50131 Firenze, ltalia
Tel: +39 800 783281
Fax: +39 800 783282
Email: info@imopc.it
Web: www.imopc.it

DRIVES

L |

IMO Canada

Unit 10, Whitmore Road
Woodbridge, Ontario.
L4L 8G4 Cananda

Tel: +1 905 265 9844
Fax:+1 905 265 1749

Email: imocanada@imopc.com
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Enclosures Photoelectric Switches Limit Switches LEDs & 7 seq. displays

Fieldbus remote 10
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