73 Mathematical Function Tutorial IMO

Introduction g Knowledge

The purpose of this tutorial is to demonstrate the i3 mathematical functions and graphical representation
capabilities with bar graphs, trends and meters.

The i3 has basic mathematical functions such as add, multiply, subtract and divide but it has can perform floating-point maths. Therefore, the i3
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 i3 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 i3 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 i3 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).

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 0 (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. Values range from
-3.40282E+38 to +3.40282E +38.

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

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 A1 and assign to %S07, Always ON _
(ALW_ON). This is so that the function blocks on this rung are Subtract Function =
always enabled.

Input 1: |°/oF|1| Name:lcunent_l,leal j
Select the Subtract function from the maths operations menu :
and insert it into the rung and enter the following detail. Input 2. |%R2 Name: [bith_year =
Output; |°/oF|3 Marne: |_l,lears_|ived ;I
Type: IINT v[
QK I Cancel |
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Next insert a Multiply function to the right of the Subtract function on the same rung. g Knawledge

Enter the details as shown below.

Multiply Function X
Input1: [#R00003  Name: |years_|ived j
Input 2: |68 Name:| ﬂ
Dutput: |%R00004  Name: |days_|ived j

Type: |INT -

oK | Cancel |

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

[* Substract the birth year from the current pear to find out how many pears the user hasz lived. =]

'C‘L""I"_':I'N SUB MUL
U_U Gurrent_yeapnt years_lived |IM
#5007 ZR000071-HIM1 years_lived #ZRO0003 51N days_lived
birth,_ye.ar AF=R00003 AFxR00004
ZRO0002—IM2 JE5IM2

The formulas to calculate the diameter, circumference and area of a circle from the radius are as follows:

d=2r d = diameter

circ = 2nr r = radius

area = 2mr? circ = circumference
m=314

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.

5 [* Diameter calculation
Data type : REAL =)

£ |ALW_OM MuL

®__| I radius real

2 | %5007 %R000054IN1 diameter

7 Q#R00003
2-IN2

2 |[* Circumference Calculation
Data type : REAL =)

3 ALW_On MUL

®__| I diameter |1eal

3| 5007 ZRO00034INT  cifcumterence

10 Q=R0003
314-IN2

11 |[® Area Calculation
Data type : REAL *)

12 |ALW_OM MUL MUL

z 1 | radiuzs real Radius_zq real

4 | ®S007 %R00005— 1M1 Fiadius_sq ER000074IMT  cifeumiersnce

13 QFxRO0A07 QrxR00012
2-IM2 2144IM2

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 %R05.

Lastly, we are going to write the logic for the trend.

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.
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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

IMO
g Knowledge

Rung below insert a N/O contact in the first column addressing it to %MO01. This gives us an action that operates

only on the rising edge of a transition.

T_10M5

#5003

o
AP}

ZM0aam

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.

Add Function x
Input 1: Iﬁ Name'l ;I
Input 2: [%RO0020 Mame: | ]
Output: IZF\UUD2D Name:l ;I
Tupe: IHEAL v[
ak I Cancel |
Move Constant Data X
~Source
Starting reg 1]
*%R00020 |
Editing req
*%R00022
Ending reqg
*%R00020
Mumber of ltems: 1
— Destination
Addiess[%R00020  Mame: | |

Type: [REAL -]

The rung of code should now like the ladder logic below.

Equal Function X
Input 1: | LI
Input 2: IBBD Name:l LI
Type: |HEAL vl
oK I Cancel |

A constant move function was use as it allows for the movement of real values and
keeps the calculation constant in Real data.

EQ_REAL CST

real
3 ZM0O0001 301N
1% Q=R00020
ZRO0020-1N2

MOV
#R00020IN1 e teal
table il
3E0IN2
DESTF%RO00Z0

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.

I-ﬁ-dvaﬂﬂﬂd M ath LI v | J i ||-':"-,?,| g* | LM | I | cnsl TaH |S|r-.i'|cn§'|mn" le:-l DES I¢

Degrees to Radians

Radians to Degrees
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To the right of the degree to radian function we are going to insert the sine function. Select the sine function from Knawledge
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 X Radians to Degrees Function hd
Input 1: |E2 Name: I LI Mame: I j
Output: IZHDUUZ4 Name: I LI Output: IXHUUD‘I 7 Narne: I LI
Type: |HEAL v[ Type: |REAL h
it I (Zance | 0K, I Cancel |
ALW_ON RAD 5IN DEG
1 | real real real
%5007 #RO0020-IN1 %R00024-IN1 #R00026{IN1
Qr#%R00024 Qr#%R00026 QF=R00M 7
Sine Function X

Input 1:

Name | =l NOTE: Real values require 2 consecutive registers.

Output: IZF!DDDZE M arme: I LI

Type: |F|EAL vl
ok I Cancel |

Equation Function
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.

Math Expres INT ) ) ,
{77797 L Double click on the function block to open up the editor.
Math Expression X
_ By clicking on the arrow, a menu pops up to display
Math Operations: . . S .
— what mathematical operations are valid in this
RIERT #R2 3R [ e . function block
Subtract -
Multiply *
Divide f
Modulo MOD
Twper [1NT -
0K Square Root SCRT(
— Absolute Value ABS(
Help | Cance: I l.—

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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Screen Editor Programming <— Knowledge
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 * Screen Jump Properties x

Text: Justification Jurnp ta Screen number

Math Tuturiall e address / Screen number:
: i : |2 Marme: j 16-BIT  Screen >

[ Simulate ESC
[~ Vertical Text
Insert Special Char >>> [ Allow ESC to Return
[~ 3D Sunken
[ 3D Raised Kevpress Source
Display Properties '

Attributes 3> Background Color 33> " Ausiliary Begister
Address: AT
Font: [San Serf 10 | Text Color >33 e - ! =

oK | Cancel | 9 leudh

Dizplay Properties

Attributes > > | Background Color »»» |
Legend 33 Line Color 33 | -

I I I I I I Display Stle: | 3D Button Style -
| | | | Ok Cancel
o o
ear
Lays Liwved
Screehn 2
Lo
Jump to screen 2
Numeric Data Properties > Mumeric Data Properties x Numeric Data Properties *
Cantroller Register Controller Register Contraller Register
Data Source: |Inlema\ registers J Diata Source: ‘Intema\ registers J Data Source: Inteinal registers =
Address: |ZR00001 - J Register Width: |16-Bit - Address: |%R00004 - J Register Width: [16-Bit  ~ Address: |%R00002 - J Registerwidth: | 16-Bit +
Mame: [cument_year =~ Name: [days_lived | Name: [bith_year ~|
Display Farmat Display Format Display Format
Farmat | D ecimal =~ [12305 =] Farmat |Decimal -l 12345 =l Farmat |Diecimal ] [12345 =]
Engineering Urits: j ™ Zero Filed Engineering Units: j ™ Zero Filed Enginesring Units: j ™ ZewFiled
r I 3D Sunken I
Font: |57 Font ~ Font: |57 Font 2 Font: |57 Font -
Justification Justification Justification
s % [N ' W8 X L O o M K O R O W IO & PR N
Edit/write Edit/write Edit/write:
B ™ Enebled 4 ¥ Engbled  Minmum [0 =
= T = 5535 =
Maximum  |E5535 = = M aimum =
Display Properties Display Froperties Display Properties
Altributes 3> | Background Colar »»>» | Altributes >35> | Background Colar > ‘ Altributes > | Backaround Color »>> ‘

Legend »>> | Line Colar 3> | ] Legend 3> Line Colar 3 ] Legend »3> | Line Colar >»> ‘ ]
Data Colar >33 - Data Colar >»> - Data Color »>> -
Display Stvle - [0 Button Style - Displap Style . | Classic Style - Display Style:  [30 Button Style -

Cocal e Concel
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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 Knawledge
next screen. )~

h lrend Properties K
Trend
Trigger
I:I Data Source: |Intemal registers J
i w Address: - J Reqister Width: |1-Bit

i I1 356,37

. . . MName: [F1_KEY |

1
= I:I T 1me 1 - 34 Configure Penz »»>
Aniz Properties »>»

Sample Rate: m

Setting the trigger to key 1 and having the trend type as a continuous 10 Name: | =
scope, means that when the key is pressed there will be a trend, when it

Click on the trend icon tl and insert it into the middle of the screen.
Resize the box to get a bigger trend, covering almost the full screen.

Trend Type
is releasing the trend stops. £ Snap Shot Scope " Standard Trend
% Continuous 5cope " Retentive Trend
-
Set the pen to match the output register of the sin function -

Pen Properties X r

Per Humber. |1 EI: [¥ Enable Pen

Contraller Register

Dizplay Propertiez

Aftributes >=> | Backagraund Caolar > > |

Legend »»> | Line Color » 3> | -

tddress: |%R1T Name:| j TeBT

Pen Color >3 - Lite Type: | Solid -
Ok | Cancel | oK. | Cancel |

Axis Properties X
Trend
. m /\ /\ /\/\ /\ [\ /\ Set up the axis properties as shown opposite.
] A A [~
=
- T - __ T T T T 7T 1
Time 1340.00
X iz
Title: |Time Auis Font: |5,‘7 Fant j
W' Shaw range Range Fort: | 547 Font -
Miliseconds hd
Ticks: [12 3:

' iz

Title: |Y A Az Font: |57 Font -

Mir:|-1 b e 1]
[ Show range 57 Font

Ticks: |4 3:

W Display Grid Lines
0K | Cancel
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On the last screen we are going to have a screen jump back to the first screen, so the user can cycle through. We Knuwledge
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 X

Contraller Register

Data Source: ‘\ntemal registers J S . . . . .
_ _ : et the screen up with the 4 numeric data functions. Set only the Radius to be editable
A:d'e“ "m 22| Regetorwian [aze J] and the others are non-editable.
ame: | radius -
They should all be set to Real / Floating point to match the data type used in the ladder
Display Farmat |Og | C.
Farmat |Real / Floating Foint_v | [1234567830 |

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

Engineering Units: ﬂ ™ Zera Filled
r

Fant: | 547 Font hd
Justification

R (O e O XRR

EditAwrite
W Enabled Mirimurn |-10000000000.00000C j
Mairurn | 10000000000, 000000 j

Display Properties

Attibutes »>> | Background Colar »»> |

Circle

Legend »»» Line Color >>» -
Data Calor »»> -
Display Style - |30 Button Siyle hd

Y

Eadiu=
- #HHHH

Circumference
- HHHHHEE.

Cancel

Diameter Hrea
- HHHH

-Hid

Numeric Data Properties X Mumeric Data Properties
Contraller Register Cantroller Register
Data Source: [Intemal reqisters | Data Source: [Internal i=gisters |
Address: [%R000TT <] | Registerwidi: 3288~ Address; [%ZR00013 o] | Fiegisterwidh: [3280
Mame:  [area | Name: [circumference |
Display Format Display Foimat
Fomat [Real / Floating Point_ | [123.12 | Fomat [Real / Floating Point_v | [1234567 12 |
Enginesring Urits: | ZeoFiled Engineering Linits: ol T ZeoFiee
I™ 30 Surken [~ 30 Sunken
Font; |5x7 Font 2 Font, |57 Font hd
Justification Justfication
s % @ R LR 'l P [l IO O « oK
Edit/wiite Edit/wite
I~ Enabled -1 0000000, 0000000 j I™ Erabled -10000000.0000000 j
= =l
10000000.0000000 | = 0000000 00000
Display Properies Display Properties
dtubutes >3 | Background Color 5> | drbutes > | Baskgound Calor>»> |

el B Legend > | trecoos> | [
Data Color >3 - Data Color »5> -
Display Style [ Classic Syl - Display Style: | Classic Style -

aK Cancel

Cancel

Numeric Data Properties X

Controller Flegister

Data Source: [Intemal registers |
Addiess: [%R00003 <] | Registerwidh: [328
Name:  [diameter |
Display Farmal
Fomat [Real / Floating Point = | [123456788 |
ErgresingUnits [ 5| T Zaio Filed
I~ 30 Sunken
Font: [547 Font -
Justification
[ & _RHR - o
Edit/wiite
I Enabled ,wouuuuuumuuuuucj
1000000000, 0000000 —|
=]

Display Properties

Altributes »»> | Background Color »>> |

Legend >>> Line Color »>> -
Data Color > > -
Display Sle: | Classic Style <

Cancel
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