3.1 Overview

This chapter explains the final design for all parts and features of the project,
which include mechanical, electrical and electronic aspects that embodies
desired practical benefits for a mechatronics project design as shows in figure
(3.1).

The design of a poly aluminum chloride (PACL) Automatic Filling System
which aims to discharge drums that contain chemical substances (PACL)
which used in drinking water treatment into huge tanks that provide dosing
pumps with enough amounts to complete the treatment processes.

The project Hardware components such as the Programmable Logic
Controller (PLC), sensors, pump, motors and limit switches will be used to
build poly aluminum chloride Automatic Filling System. Power screw drive
to move the pump up and down depends on an electric motor clockwise and
anticlockwise rotation direction.

As we know, new designs usually depends on primary assumptions as shown
in table (3.1) as a prototype reflecting the product expectations and involve
all element that impact it, and trying to improve all assumptions in parallel

with achieving the optimum final product as shown in table (3.13).

3.2 System description
This system replaces the manual discharging process for PACL drums into
buffer tanks that normally used in water treatment plants as we mentioned in

the problem statement.



The system depends on converting the rotational movement (electrical
motor) into linear movement via a ball screw to lift the pumps up and down.
Two limit switches are used to determine the upper position (idle point) and
the lower position (running point) as well as using a level sensor to determine

if there is a liquid inside the drum or not as illustrate in figure (3.1).

The system is driven near to target drum via wheels, whereas the pump

should be at the idle point before starting the system.

The operator must ensure that the system is located in the right position

before pressing the start push button as illustrated in figure (3.2).

When starting the electric motor it rotates in clockwise direction moving the
ball screw via pulley and belt so that the ball nut goes down carrying the
pump with it until they reach the running point, the running point limit switch
sends a signal to the PLC unit to stop the motor, the level sensor will detect
a liquid presence and sends a signal to the PLC, when the PLC receives the
two signals from the limit switch (idle) and the level sensor it will send a
signal to run the pump directly. When the liquid is fully discharged from the
drum the level sensor will send a signal to stop the pump then the motor will
rotate anticlockwise to lift the pumps up to the idle point, at that time the
limit switch (idle) will stop the motor to complete the process and we can

consider this as the last step of the discharging process.
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Figure (3.1): Overview of PACL Automatic Filling System
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3.3 calculations

The necessary calculation which involve the main parts on the system such

as the pump, ball screw and electrical motor have been done as shown below:
3.3.1 Pump calculations

To select the right flow rate we have to know the drum volume and the
discharging time as shown in Equation (3.1).

The target is to discharge the drum in about 2 minute as well as the drum has
200 liter of fluid (PACL) so

drum fluid volume
Q - time (31)
200 L
2 MIN

Q=167*103m3/s

To calculate the static head we have to calculate the suction head and the

discharge head as shown in equation (3.2)

Static head = discharge head — suction head (3.2)

Equation (3.2) illustrates the relationship between static, discharge and
suction heads

From the design the suction and discharge head was selected as follow:
Discharge head = 0.1 m

Suction head = - 0.9 m (blew the pump center)



Static head = 0.1 - (-0.9)

Static head =1 m

To calculate the head loss the types of the losses have been know as follow:
1- Friction loss (pipe line)

2- Fitting loss (elbow, tee, check valve...etc.)

Friction loss:

Equation (3.3) reflects the friction loss calculation method [8]:

[ % v2

Pgriction = 1% 57— (3.3)
Where:

Rfriction - the loss head due to friction (meter)
f: friction coefficient

I: length of pipe (meter)

v: fluid velocity

d: cross section diameter

g: gravity acceleration

To find the f (friction coefficient) that depends on Reynold number (R,).
If R, < 2000 that means the flowrate is laminar and f is given by [8]: (3.4):



where:
f: friction coefficient

Re : Reynold number

(3.4)

If R, > 4000 that means the flowrate is turbulent and f equation as equation

(3.5):

0.316
f= R, 025
e

(3.5)

The Reynold number is depend on the velocity, the viscosity and internal

pipe diameter as shown in equation (3.6):

Re - V:;D
Where:
Re : Reynold number
V: fluid velocity (m?/sec)
D: cross section diameter (m)
v: fluid viscosity
Rt
R, = 20955
Then:
0.316

~ (20955)025

(3.6)



f=0.0263

1.20 * 3.32
2 %0.0254 * 9.81

Reriction = 0.0263 *
Rfriction =0688~0.7m
hfitting = K;—ZZ
Where:
hfitting - the head loss due to fitting
K: fitting coefficient
V: fluid velocity (m/sec)

g: gravity acceleration (m?/sec)

We used (2) pieces of elbows (K = 0.20)
Applying equation (3.7) to find fitting loss:

0.20 = 3.3?
Rfittingt = 5.08L

Rfittingt = 0.11m  (For one piece)

We used (2) pieces of check valves (K = 2)

2 % 3.32
Rfitting2 = 2+9081

Afitting2 = 1.10 m  (For one piece)
HL =2 (hfitting1) + 2( Rritting2)
H =2*.11+2*1.1
H; =242 m

(3.7)



Applying equation (3.8) to find the total head:

Htotal = Hstatic + HLoss
Where:

H;otqr - the summation of all effected heads (m)

H.;q:ic - the difference between delivery head and suction head (m)

H, ¢ : the dissipated heads (m)

Hypss = 0.7 +2.42
Hypss =3.1223.50 m

Due to add (10% as a safety factor)
Hiptar =1+350=450m
Applying equation (3.9) to find the hydraulic power
Phydarulic =p*g*H™*Q
Where:
Pyyaaruiic - the hydraulic power (watt)
p: fluid density(m3kg)
g: gravity acceleration(m?/sec)

H: total head(m)

Q: fluid flow rate (m®/sec)

_ 1360%9.81%4.50%1.67* 1073

Phydarulic - 100

Phydarulic =1.003=1.10 kW

(3.9)



Let the efficiency (n) = 0.75 (due to design is built on the worst choices)
Applying equation (3.10) to find electrical pump motor:

The pump power (P) = Pryaaruiic I M (3.10)
Where:
P: the pump power
Phyaaruiic - hydraulic power
n: the pump efficiency

_1.10

"~ 0.75

P = 1.4667 = 1.50 kW

The 1.50 KW centrifugal pump will be selected

3.3.2 Ball screw calculations

According to design specification in table (3.1) the required dimensions for
the ball screw which is shown in figure (3.3) will be calculated. The required

calculations needed for:

v" Screw shaft diameter
v’ Lead

v Nut module no

v’ Accuracy

v" Axial clearance

v" Screw shaft support method



Table (3.1): Design requirements

NO | REQUIRED VALUE

01 | Table Mass 6.00 kg

02 | Work Mass 54.00 kg

03 | Stroke Length 1000 mm

04 | Maximum Speed 0.10 m/s

05 | Acceleration Time 0.15s

06 | Deceleration Time 0.15s

07 | Number Of Reciprocations Per Minute 2.50 min~!

08 | Back Lash 15 mm

09 | Positioning Accuracy +0.3mm/1000mm
10 | Positioning Accuracy Repeatability +0.10 mm

11 | Positioning Accuracy ——— mm

12 | Minimum Feed Amount 0.02 mm/pulse
13 | Service Life Time 3 YEARS

14 | Rated Rotational Speed 1200 rpm

15 | Frictional Coefficient Of The Guide Surface | p= 0.003

16 | Guide Surface Resistance F= 15 N
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Figure (3.3): Ball screw function

To select the right screw shaft the primary selection should be selected as

follow:
1. Selection of accuracy grade

C5 accuracy was selected due to screw shaft transportation usage as well as

to grantee high accuracy as shown in table (2.1).
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2. Screw shaft length

v" Nut length = 100 mm

v" Stroke length = 1000 mm
v" Shaft end length = 100 mm

So the total length = 1200 mm

3. Selecting lead

The lead screw calculations are depended on equation (3.11):

Lead (L) > e (3.11)

Where:
Vmax : Maximum linear speed (m/sec)

Nmax : Maximum rotational speed (rpm)

200%60
1200

=10 mm

Lead (L) >

4. Selecting screw shaft diameter

The screw shaft diameter has a close relationship with the lead as shown in
table (3.2) as a same amount can’t be neglected the relationship between the
screw shaft diameter and the accuracy as illustrates in table (3.3). Addition
to that the screw shaft diameter has a relationship with accuracy grade and
length of the screw thread as shown in table (3.4) so the balancing between

this relationships should be done.

Table (3.2): Relationship between shaft diameter and leads



Unit: mm

Lead 3 5 10 1121620253240 |5 |64 |80
m\.

10 0

12 Q@ ©

14 0

15 &}

16 0 € @

18 o]

20 [ ] ® [} ®

25 ® ] ® @

28

32 ] @ 6]

36 [

40 # @ ®

45 0

50 €] O [}

According to the calculated value of lead in equation (3.11) and from table

(3.2) we can select the diameters (16, 20, 25, 32, 36, 40 and 50)

Table (3.3): Relationship between shaft diameter and accuracy

Accuracy rolled
Screw rade co c c2 C3 cs ct7 ball screw
shaft diamet; (Ct10)

4 90 110 120 140 140 140 —_—

6 150 180 200 250 250 250 _—

8 240 280 340 340 340 340 —
10 350 400 500 500 500 550 800
12 450 500 650 700 750 800 800
14 600 650 750 800 1000 1000 1000
15 600 700 800 900 1250 1250 1500
16 600 750 900 1000 1500 1500 1500
18 — — — — — — 1500
20 850 1000 1200 1400 1900 1900 2000
25 1100 1400 1600 1900 2500 2500 2500
28 1100 1400 1600 1900 2500 2500 2500
32 1500 1750 2250 2500 3200 3200 3000(4000)
36 1500 1750 2250 2500 3200 3500 3000
40 2000 2400 3000 3400 3800 4300 4000 (5000)
45 2000 2400 3000 3400 4000 4500 4000
50 2000 3200 4000 4500 5000 5750 4000
63 2000 4000 5000 6000 6800 7700
80 4000 6300 8200 9200 10000

100 4000 6300 10000 12500 14000
125 10000 14000 14000
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Now we compare the previous diameters with the capable screw shaft length
according to accuracy grade of C5 as shown in table (3.3) taking into account

the stroke length > 1000 mm.

When comparing between C5 and the selected diameters, all capable screw
shaft length is accepted (1500 mm, 1900 mm, 2500 mm, 2500 mm, 3200

mm, 3800 mm and 5000 mm).

Table (3.4): Range between shaft diameter and accuracy range

Effective length of the screw thread (maximum)
Screw shaft
| Axial play T Axial play S
diameter
C0~C3 C5 C3 C5 Ct7
4~6 80 100 80 100 -
8~10 250 200 250 300 -
12~16 500 400 500 600 100
20~25 800 100 1000 1000 1000
32~40 1000 800 2000 1500 1500
50~63 1200 1000 2500 2000 2000
80~125 - - 4000 3000 3000

From the selected stroke length (1000 mm) with accuracy grade of C5 and

axial play S, the range of screw shaft diameter is 20-25 mm as shown in table
(3.4).

20 mm shaft screw diameter is selected due to cost advantage.
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Table (3.5): Ball nut type section according to lead and diameter of screw

shaft
Effective turns ' '
Shaft | Lead (Ball dia. CIBrglle Root dia. ol NBaS|C oad ra“rllg Axial
BalnutNo. | dia da fus L_{) L

d | 1] 0D g | X |Dyemicl Static Dynamid Stafic| oy
L Cicuts | G | G | G| Go

RNSTL 1404A358 14 | 4 | 2778) 145 | 115 | 35x1 | 5370 /10800 | 545 | 1100 | 0.10
RNSTL 1405A2.58] 14 | 5 | 3175) 145 | 11.0 | 25x1 {5260 | 9720 [ 535 | 990 | 0.10
RNSTL1808A3.55] 18 | 8 | 4.762| 185 | 13.6 | 3.5x1 |13200{25800 1350 | 2630 | 0.15
RNSTL 2005A2.88| 20 | 5 | 3.175) 205 | 17.0 | 25x1 | 6360 |14200| 650 | 1450 | 0.10
RNSTL 2010A258] 20 | 10 | 4.762] 21.25| 162 | 251 |10900{21800 {1110 | 2220 | 0.15
RNSTL 2505A2.88| 26 | 5 | 3175) 265 | 220 | 25x1 | 7070 |18200{ 720 | 1850 | 0.10
RNSTL2510A5S | 25 | 10 | 635 [ 26 | 19.0 | 25x2 |31800{70300 {3240 | 7170 | 0.20

RNSTL 2806A2.55 25%1 | 7430 [20300{ 760 | 2070
RNSTL 2806A5S l Bl e e 2.5%2 13500{406001 1380 | 4140 o
RNSTL 3210A2.55 2.5%1 119700{46100{2010 | 4700
RNSTL 3210A5S o ey 2.5%2 135700{92200{3640 | 9410 i
RNSTL 3610A2.5 2.5x1 121000{51000{2140 | 5200
RNSTL 3610A5S al Bl i il e 2.5%2 138100102000 3890 {10400 o

RNSTL 4512A5S | 45 | 12 | 7.144] 465 | 39.0 | 2.5x2 |49600147000{5060 |15000{ 0.23

According to shaft screw diameter of 20 mm and shaft screw lead of 10 mm;
the ball nut no. RNSTL 2010A2.5S is selected as shown in table (3.5).

The ball nuts and screw shafts specifications (diameter, lead, ball diameter
dw, ball circle diameter dm, root diameter, turns x circuits, basic load rating

and dimensions) as clearly shown in tables (3.5) and (3.6).

Table (3.6): Screw shaft section according to lead and diameter of screw
shaft
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Ball nut dimensions Arbor Screw shaft

Length | Width | Semer Bolt hole Oil hole Ocfao Bore | Standard length

Screw shaft No.
Liw|lH|A|B|IClJIK|E|F|lU| q]|dq L
38 | 34| 13 | 22] 2618 |M4&| 7| 7] 3|20|115] 95| 500 1000 RS1404A**
38 [ 3413220728 [ma] 77321 ]110] 9.0[ 500 1000 RS1405A**
56 | 48| 17 | 35] 35105/ M6 10| 8 | 3 | 26 [13.6[11.6] 500 1000 1500 | RS1808A**
38 |48 17 [ 221358 [Me| 962 27]170[146] 500 1000 2000 | RS2005A**
58 | 48 | 18 | 35] 35115/ m6] 10 10] 2 | 28 [16.2]13.8] 500 1000 2000 | RS2010A**
35 [ 60| 20 [ 22]40] 65[M8] 10 6] 027 [220(19.6] 1000 2000 2500 | RS2505A**
9 [ 60| 23 [60f40f17 [ms]12]10] 0] 327]190][166] 1000 2000 2500 | RS2510A**
4 | 60| 22 [18]40]12 »
o | 60| 20 | 40| a0 li3s|M8| 12| 8 | 0| 32]250|226 1000 2000 2500 | RS2806A
64 [ 70| 26 [45]50] 95 .
o0 | 701 2 | ol solis | M8] 12{ 10| 0 |38 |27.0]246] 1000 2000 3000 | RS3210A
64 | 86| 29 | 45] 6095 .
o | a6 | 29 | 40| 6o lig |M10/ 16|17 [ 0| 41]300|27.6| 1000 2000 3000 | RS3610A
115 [ 100] 36 [ 75 7520 TM12[ 20 [13 ] 0 [ 46 [39.0[35.8] 2000 3000 4000 | RS4512A**

The screw shaft no. RS 2010A2.5S is selected from table (3.6) according to

ball nut selected previously.

From the above equations and tables the primary selections is found as

follow:
LEAD SHAFT STROKE ACCURACY
DIAMETER GRADE
10 mm 20 mm 1000 mm C5

The ball nut number RNSTL 2010A2-5S and screw shaft number RS 2010A

¢ basic safety checks
I.  Buckling load
When a slender shaft is subject to a compression force, as illustrated in the

figure (3.4), a certain amount of lateral bending could occur due to the fact
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that most axial loads do not, in reality, bear down exactly on the center line
of a shaft, and the induced stress combines with the axial compression stress.
If the load is smaller than a certain level, the bending recovers. However,
when the load is larger than such a level, the bending increases, and axial

breakage eventually occurs. Such a phenomenon is called “buckling”.

||
@ N P
§ £ ! PSS Kfo&/ 711
®> p—{— P—> = le—p
N
|
Figure (3.4): Buckling load
Px12 11
d, > | =% (3.12): [2].
Where:

dr: root diameter (mm)
P: axial allowable load (N)
L: screw shaft stroke length (mm)
m: supporting type coefficient
The buckling load is a main element that determine the supporting type that
should be selected according to equation (3.12).

ii.  Allowable tensile or compressive load (Po)
This refers to the limit of tensile or compression axial load that is applied to
the screw shaft. If the axial load goes beyond a certain limit, the shaft will
not withstand any more, and starts to show a permanent deformation (a

deformation that does not disappear even after the load has been removed).



And if it goes further, the shaft will break. (Although this is a rough approach,
there is no problem when the axial load is lower than somewhere around the
allowable static load rating.)

When an excessive axial load is applied, the contact surface between steel
balls and ball grooves create dent which won’t recover even after the load
has been removed, leaving permanent deformations on each surface.
Measures must be taken to limit such deformations within a certain limit.
Permanent deformations lead to noise and vibration, and to deteriorated
functionality and shorter service life.

Based on the basic static load rating, confirm that no permanent deformations
will be created on the contact surfaces between steel balls and ball grooves.
An allowable load rating (Po) against permanent deformation is as follows;
(An allowable load is approximately one half of the allowable static load
rating.)

lii.  Basic Static Load Rating (COa)

Defined as an axial load that causes the sum of a deformation that is formed
on a steel ball and its contacting ball groove surfaces, while in a static state,
to exceed 0.01% of the diameter of that steel ball. This figure is listed in table
(3.5). A permanent deformation of 0.01% means, however, a dent of only
0.001 mm in the case of a 10 mm steel ball. Therefore, it is almost

undetectable.

Po = COa /fs (3.13): [2].

Where:
Po : Allowable load (N)



COa: Basic static load (N)
fs : Static allowable load coefficient (a safety factor)
For regular operation: 1 to 2

If there are vibrations or impact: 1.5t0 3

iv. Fatigue life
Even if ball screws are made using the most appropriate design and they are
used properly, the surfaces of ball grooves will still start flaking (the surface
metal falls apart in the form of scales) after a certain period of time since the
steel balls roll on the ball groves with load applied to them. (This is a material
fatigue phenomenon of contact surfaces caused by repetitive compressive
stress between steel balls and the ball groove.) The total rotation number (or
time period, travel distance) up until the first flaking occurs is called a
“fatigue life”.

v. Basic dynamic load rating (Ca)
Defined as the axial load under which, when a group of identical ball screws
are individually rotated under identical conditions, 90% will successfully
achieve one million rotations without any flaking. This figure is listed in table
(3.5).

vi. Mean effective load (Fm)
Of the various applications for ball screws, there is a case in which the axial
load or feed speed varies with time. In such a case, obtain a mean effective
load to compute life expectancy. It is important to prevent any trouble from
occurring by getting detailed operating conditions and as much information
as possible from customers.
Although there are three different ways to express “service life of ball

screws” as shown below, “life” means “fatigue life” in most cases.



% check on allowable axial load

v calculation of axial load :

Acceleration and deceleration at start- up and slow-down:

= Cmex (3.14)

t1
Where:
o : Acceleration (m/sec?)
Vmax : Maximum velocity (m/sec)

t; : time period (sec)

e During upward acceleration

The axial load that impact on the ball screw and shaft screw during upward
acceleration can be calculated by equation (3.15): [2]
Fy = (mytmy) * g+ £+ (my+my)* oy (3.15)

Where:

F;: Axial load at upward acceleration period (N)

m,: Work mass (kg)

m,: Table mass (kg)

g: Gravity acceleration (m/sec?)

f: Friction force (N)

o, : Acceleration (m/sec?)

= (54 + 6) * 9.81+ 20 + (54+ 6)* 1.333 =689 N



e During upward uniform motion
The axial load that impact on the ball screw and shaft screw during upward
uniform motion can be calculated by equation (3.16): [2]
F, = (my+tmy) *g+f (3.16)

Where:

F,: Axial load at upward uniform motion period (N)

m,: Work mass (kg)

m,: Table mass (kg)

g: Gravity acceleration (m/sec?

f: Friction force (N)

= (54+6) * 9.81 + 20 = 609 N
e During upward deceleration
The axial load that impact on the ball screw and shaft screw during upward
deceleration can be calculated by equation (3.17): [2]

F3 = (mytmy) *g+f-(my+tmy)* oy (3.17)
Where:
F5: Axial load at upward declaration period (N)
m,: Work mass (kg)
m,: Table mass (kg)
g: Gravity acceleration (m/sec?)
f: Friction force (N)
o, : Acceleration (m/sec?)
=(54+6)*9.81+20- (54+6)*1.333 =529 N



e During down ward acceleration
The axial load that impact on the ball screw and shaft screw during
downward acceleration can be calculated by equation (3.18): [2]
Fy= (my+my) *g-f- (my+my)* oy (3.18)

Where:

F, : Axial load at downward acceleration period (N)

m,: Work mass (kg)

m,: Table mass (kg)

g : Gravity acceleration (m/sec?)

f : Friction force (N)

o, : Acceleration (m/sec?)

= (54 +6) * 9.81 - 20 - (54+ 6)* 1.333 = 489 N

e During down ward uniform motion
The axial load that impact on the ball screw and shaft screw during
downward uniform motion can be calculated by equation (3.19): [2]
Fs = (my+tmy) *g-f (3.19)
Where:
F: : Axial load at downward uniform motion period (N)
m,: Work mass (kg)
m,: Table mass (kg)
g : Gravity acceleration (m/sec?)
f : Friction force (N)

= (54 +6) *9.81 - 20 = 568.6 N



e During down ward deceleration
The axial load that impact on the ball screw and shaft screw during
downward deceleration can be calculated by equation (3.20): [2]
Fg = (my+tmy) * g - f+ (my+my)* oy (3.20)

Where:

F, : Axial load at downward deceleration period (N)

m,: Work mass (kg)

m,: Table mass (kg)

g : Gravity acceleration (m/sec?)

f : Friction force (N)

o, : Acceleration (m/sec?)

=(54+6)*9.81-20+ (54+6)*1.333 =608.6 N
Usually at designing calculations the highest value is selected. The axial load

during upward acceleration is a maximum axial load so

Finax =689 N =690 N

v" buckling load :

the bulking load depend on the root diameter that shown in equation (3.12)
as well as the root diameter calculations that should be done according to

supporting coefficient (m) as shown in table (3.7) according to type of

supporting method.

Table (3.7): Supporting coefficient (m)

Supporting method m N
Fixed-fixed support 19.9 4
Fixed-simple support 10.0 2
Fixed support-free 1.2 0.25
Simple- simple support 5.0 1




The supporting type that is applied is (fixed - fixed support) so the supporting
coefficient (m) = 19.9

Depend on equation (3.12) the root diameter is calculated as:

[690 10002]1
T = 4
19.9 « 104

d, >7.67 mm
At the table the d,, =16.20 mm

Accepted result

vii.  Maximum rotational speed

This is the highest speed that screw shaft can rotate with.

Vinax * 60
Nomax = =7 (3.21)

Where:
Nmax : Maximum rotational speed

Vmax : Maximum linear speed

Nopox = 0'2(1(: 9% 103 =1200 rpm

Njax = 1200 rpm

To calculate the permissible Rotational Speed Determined by the Dangerous
Speed of the Screw Shaft, the equation (3.22) should be applied.



N=f*52 %107 (3.22): [2].
Where:
N : permissible Rotational Speed (rpm)
f : factor depend on supporting condition from table (3.8)
d: : root diameter (mm)

L : screw shaft stroke length (mm)

Table (3.8): f value

Supporting condition f A
Fixed-simple support 15.1 3.927
Fixed- fixed support 21.9 4.730
Fixed- support-free 3.4 1.875
Simple-simple support 9.7 /1
N =21.9* 22 * 107 = 3547.8
1000
N = 3500 rpm

Accepted result

Permissible rotational speed is also limited by d m ¢ n value (dm: ball pitch
circle diameter mm; n: rotational speed per minute rpm). dm < n value

indicates peripheral speed (revolution speed of balls).




Table (3.9): factor affecting on root diameter and Permissible rotational

For positioning (Cs grade or higher) Standard specification dm.n <70000

For transporting type (Ct7 grade) High speed specification | dm.n < 100000

For transportation type (Ct10 grade) dm.n <50000

In this case dm ¢ n =< 70000

From table (3.5) dm = 21.25 mm

70000
"~ 2125

N =329 rpm
N ~ 3300 rpm

Accepted result

To calculate a permissible load by COa the equation (3.23) should be applied.

Coa

Amax fs

(3.23)
Where:
Fy, .. > maximum load

COa :static load rating

fs - static permissible load factor from Table (3.10)



Table (3.10): Static permissible load factor ( f)

fs: static permissible load factor

At time of normal operation 1~2
With vibration impact 1.5~ 3

The system was operated at normal time according to table (3.10) static

permissible load factor ( f) =2

From table (3.5) COa = 21800 N

- Zlg"" = 10900 N

amax

F,  =10900 N

Accepted result

%+ studying the service life

The calculation of service life and estimation of work period time that can
support the evaluation of economic and technical feasibility which depend

on equation (3.24)

L (rev) = (Ef—;m)“ 106 (3.24)
Where:

L : Nominal life (rpm)

Ca : Dynamic load rating (N)

f s : Static permissible load factor from Table (3.10)

Fm : Average axial load (N)



Calculating the travel distance

Maximum speed Vnax = 0.20 m/s
Acceleration time t;=0.15s
Deceleration time t; =0.15s

The system travel distance is divided to 6 partitions as follow:
1: Upward acceleration

2: Upward uniform motion

3: Upward deceleration

4: Downward acceleration

5: Downward uniform motion

6: downward deceleration

v' Travel distance during acceleration

To calculate travel distance during acceleration equation
(3.25) should be applied.

liga = —Vma;* h (3.25)
Where:
ly 4+ :Acceleration distance (mm)

Vmax : Maximum linear speed (m/sec)

t; - Acceleration time (sec)

11’4 = 0.202*.15 =7.50 mm




v' Travel distance during uniform motion
To calculate travel distance during uniform motion equation (3.26)

should be applied.

— Vmax *Tq + Vmax * 13

s =l — . (3.26)

Where:

[, 5 : Uniform motion distance (mm)
Vmax : Maximum linear speed (m/sec)
ts . Acceleration time (sec)

lg : Stroke length (mm)

12’5 - 1000 — 0.20*0.15-; 020x0.15 =970 mm

v" Travel distance during deceleration
To calculate travel distance during deceleration equation (3.27) should

be applied.

ly = -mexts (3.27)



Where:
I3 6 :Uniform motion distance (mm)
Vmax : Maximum linear speed (m/sec)

t;  :deceleration time (sec)

0.20 .15
2

=15 mm

13,6 =

Based on the conditions above, the relationship between the applied axial

load and the travel distance is shown in the table (3.11).

Table (3.11): Applied axial load and travel distances

_ Applied axial Travel distance
motion
load fq, (N) Iy (mm)
NO(1) during upward
@ g- k 689 15
acceleration
NO(2) during upward uniform
@ : p 609 970
motion
NO(3) during upward
) g- i 529 15
deceleration
NO(4) during down ward
_ 489 15
acceleration
NO(5) during down ward
_ _ 568.6 970
uniform motion
NO(6) during down ward
648.58 15

deceleration



Calculating average Axial Load

The average axial load (which is a main element to calculate the nominal

life) according to equation (3.28) is given by: [2]

Fn= Vo (Bis Lo+ B3 Ly + B 350y + BF %Ly + R % Lg +

F3 * L) (3.28)

E,= ¥ —=—(689% 15 + 6093 970 + 5293 * 15 + 568.6°

2%1000

*15 + 568.63 * 970 + 648.6% * 15)
E, =589.8 N
F,,=589.8~590 N
To calculate the nominal life the equation (3.6) should be applied as follow:

From the table (3.5) €, =10900

L (rev) = (%)3* 106 =788.2* 106 rev

L (rev) = 790 * 10° rev

Average revolutions per minute is calculated to use in service life time

equation (3.31) by applying equation (3.30): [2]

2%*n * Lg
lead

N, = (3.30)

Where:



Nm: Average revolutions per minute
Ls : Stroke length (mm)
n :turns of ball

From the table (3.5) n = 2.5 x 1 turns X circuits

2x2.50 1000

N.. =
m 10

=500 rpm

N,, =500 rpm

To calculate the service life time on the basis of the nominal life equation
(3.31) should be applied and the Average revolutions per minute (Nm) which
given by equation (3.30) is used as follow: [2]

L
Ln = oo (3.31)

Where:

Ln :service life time (hr)

L : Nominal life (rpm)

Nm : Average revolutions per minute

_ 790 x 10°
~ 60 500

L, = 26333 hr.

Ly, =26000 hr

To calculate the Service Life in Travel Distance on the Basis of the Nominal

Life the equation (3.32) should be applied as follow: [2]

L, =L *lead * 107° (3.32)



Where:

Ls : Service life (km)

L : Nominal life (rpm)

Ly =790 *10° * 10 * 107 = 7900 Km

L = 7900 Km

The selection of supporting units is essential step to guarantee well system

performance according to table (3.12).

Table (3.12): support unit and shaft diameter

" Table I-6+7 Support units for light load and applicable “shaft diameter/lead combinations"

Support unit / reference number

*Shaft diameter/lead combinations’

Light load /small equipment

Square Round of standard ball screws
Fixed support side | Simple support side | g that are applicable to support unit
(driving motor side) |(opposite to driving motor) P sppot se
WBK06-01A - WBK06-11 04x1, P6x1
WBKO08-01A | WBK08S-01 WBK08-11 08x1, ¢8x1.5, 08x2, ¢10x2, 010x25
WBK10-01A | WBK10S-01 WBK10-11 010 x4, ¢12x2, 012x25, ¢12x5, ¢12x10
014 x5, 014x8, ¢15x10, #15x20, P16x2
WBK12-01A | WBK12S-01 WBK12-11
016x2.5, ¢16x5, ¢16x16, 016 x32
WBK15-01A | WBK15S-01 WBK15-11 020x4, ¢20x5, ¢20x10, $20x20, ¢20x40
020 x4, ¢20x5, ¢20x6, ¢20x10, ¢20x20
WBK20-01 WBK20S-01 WBK20-11
025x25, $25x50, ¢28x5, ¢28x6
032 x5, ¢32x6, ¢32x8, ¢32x10
WBK25-01 WBK25S-01 WBK25-11

032x25, ¢32x32,

From table (3.12) and according to screw shaft specifications that is selected

(diameter 20 mm & lead 10 mm) the support units are selected as follow:
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Driving motor side No WBK15-01A
Non driving motor side No WBK15S-01

The more details about the support units that are selected above is involved
in figure (3.5).

uare type Relef)ence number: WBK15-01A (fixed support side); WBK15S-01

(Ss?mple support side) Ut mm Q
: Zﬁ A
i :Gm':ﬁ ; r-EH_ L

1
& 3 | — 8
9 N il .HH {___!L Jl-,J 5
5| ] 5
0
- L= ]
WeK155-01 Secten v-¥
Round type Reference number: WBK15-11 Parts list ]
nrte| Name of part  [Osantity Remanks
DEC

. on ety 3 1 | Bewring rousing 1 |van o sealon Reed sppot e
1 SNEVAn g Sty z 2 |Berng |One set| T02ATYDFCBPS
1 o i | D | Retaining cover 1

—!, o | Hesazon socket heaat s b

- . 4 & . . S

11 15 - P [ - <
L. WLEIRE — G-P E}-_J Spacer 1
_1 g %] |* % &) ® | Lock nat 1| WS, Spming tomee 350N D00 Ag o)
g FH D | set scrow 1 |n e et plece (ra)
ot el ; @/ - ¥ | Bearngy 1 |eomzz
ta ﬂ 3 < 9 | Retaning ring 1
D [ w o o 1 v oo === ® |Berngrousng 1 |Simgle support side fonty squre type)

Section 2.2 Remarks 1. When installing a square support unit, place A and B sides

10 the base. Use a spacer If necessary 10 adjust height.
2. Components (1), @, (I are assembled Into a unit. Do not

1an volume of grease ks packed In the support

unit.
4. Tighten the set screw (D after adjustment.

Figure (3.5): The support unit feature

Table (3.13): ball screw code numbers

Screw shaft RS2010A

Nut Ball screw RNST2010A2.5S
Drive side support unit WBK15-01A
Non drive side support unit WBK15S-01

The ball screw code numbers which are needed are known as shown in table
(3.13) as well as they are used to request them from the manufacture.
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3.3.3 Portable iron frame

A portable iron frame is a main part of the system, whereby carries all other
parts of the system such as pumps, electric motor, ball screw...etc. and make
them movable from one location to another which the targeted drums is

positioned.

FIXED PLATE --u

——— = PORABLE
PLATE

STEEL

SUPPORTING -f4—m

————— = BASEBOX
BAR

- WHEELS

Figure (3.6): The portable iron frame

The frame consists of four wheels which assist in movement in all directions
easily considering its ability to handle all essential parts along with additional

equipment needed.
The main parts of a portable frame as illustrate in figure (3.6) as follow:

v’ Supporting vertical bar:
4 supporting steel bars which perform as a guide for the process
of lifting the pump up and down.

v" Fixed plate:
It’s a plate placed at the top of the frame. Which fits the four

supporting bars with each other and also fits the ball screw.



v' Base box:
It’s a base acts as supporting box to install the bars and the ball
screw and the wheels which drive the frame.

v’ Portable plate:
It’s the plate which holds the pumps and lift them up and down
via the ball screw that connected in it.

v Frame handle:
A steel handle used to facilitate the system movement in

multiple directions depending on the underneath frame wheels.
3.3.4 PLC programming

The PLC is controlling the whole system based on the installed program
which act like a guideline to perform the needed process in a sequential

method and to ensure high efficiency in implementation.

The pictures below illustrate the system’s PLC program that depends on

Omron brand as follow:

Step (01):

This step illustrate the over view page of the program

& Cprosrammer ST& =]

e View PLC Tools Help
DEH[R (SR [ DB [@[2C (MR % COER[ash(n(B|[Ln (DR (0 REIPR|L 6% |
ES [T et 4rtrupur | — oo HEEL k[[B[Se%w %o bE|®EEGD |

B[22 39 25 [ % 45 [[S @[55 |o 5 > m omopiu 2w > | [mme e =]

For Help, press F1 =

T smee [ INUM

Figure (3.7): page of programming page
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Step (02):

This step illustrates the configuration the device type and network type

CThange PLC = ]
Device Name
r INewwPLC |
Dewvice T yvpe
== —1 Settings._. | |
— Netwwork Tuyope
juse e | Settings_ l
¥ Showve all
— Comment
—~
e

Figure (3.8): Configuration the device type and network type

Step (03):

This step illustrates the selecting CPU type

Device Type Settings [CJ2M]

Figure (3.9): CPU type selection
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Step (04):

This step illustrates the new page that is opened

PLCT.NewProgram1 Section] [Diagram]]

Untea T CXProgramme [=Te]=]
B File Edt View Insen PLC Program Simulation Tools Help - s x
DR Bk SR sl (@ @ - xRt 02 |[oss s x| L LrE|DRD
aqQA [EHSEMER|EE|RArnirw | — oo BEFELKX||Z | S@|uwyy B BERD
|IBRAROS (G RCEE|28E (%% ||[BB| (050 00T 2»

3= = 2 | 6% % %

—=lx [0

Dl

5 3% NewProject
=@ NewPLC1[CI2M] Offline
== Data Types
52 Symbols
#3 10 Table and Unit Setup
@ Settings

Project / il Name:
For Help, press F1

Address or Value: Zomment:

NewPLCT - Offline. rung 0 (0, 0) - 100% [Smart INUM

Figure (3.10): New page of the program

Step (05):

This step illustrates the configuration of the input & output

pig gl = = — = =
| @7 PLC 10 Table - NewPLC1 — — ><
File Edit View Options Help
| Sa-=| x|l oS 22| B] 5] 3

= COozm-CcPu=31
\“ Built-in Port/Inner Board
[0000] Main Rack
OO0 [O0O00] CIJTW-ID2T11(DC Input Unit)
O1 [OCO01] AITW-OC211(Relay Output Unit)
02 [0002] Empty Slot

|
¢

O3 [0002]
04 [0002]
OS [0002]
O6 [0002]
O7 [0002]
o8 [0002]
09 [0002]

daagaaaasay

Empty Slot
Empty Slot
Empty Slot
Empty Slot
Empty Slot
Empty Slot
Empty Slot

0002] Rack O1
0002] Rack 02
0002] Rack 03

ORURL
I

Ciz2m-CcPU31

Offline

Figure (3.11): Configuration of the input & output
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Step (06):

This step illustrate the input output data type & address number

o|@] =
TR b |6 S
Y S m
[Data Type Usage | Comment
= 4 NewProject BOOL out
= @B NewPLCI[CJ2M)] Offline BOOL [
"% Data Types BOOL In
5 Symbols BOOL In
3 10 Table and Unit Setup BOOL out
BOOL Out
BOOL Out
BOOL In
BOOL In
Poject/
For Help, press F1 INewPLC1 - Offline rung 0 (0, 0) - 100% Smart NUM
Figure (3.12): Input/output data type & address number
Step (07):
This step illustrate the ladder diagram of the system
2 S @[ =]
[D File Edt View Insert PLC Program Simulation Tools Window Help =
DEH KR SR 2B @ 2 ATV OTN|||oL% | s, (& |0 |62 RE| s by | & -
a QA HEHFEMERBE RALHYPW | —OSFEFEL X X (B8 | BBIE R
DEFAROS XRRPEE L8 L %8| 8B = 4%» SRR m@m@as TGt
;
,
p
R -
.
|
L] |
X[ Local  Name: [start Address or Value: 0.00 Comment:
For Help, press F1 NewPLC1 - Offline rung 0 (0, 0) - 100% Smart 'NUM

Figure (3.13): Ladder diagram of the system
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Step (08):

This step illustrates the system at idle position

ation Tools Window Help
- | 4= %5 DR AL o ®H LIEBRIAR BSPR BTER & S
axQaa == 16l T G| RArvnurw | —Oo o BEFEL K ||[G S (vuut b BERD
DREFRBOE 2 PEE 88 %% (DS DO 0SS

i 2 | 4% %%

il . =

Project i Name: limitswitchup Address or Value: 002 Comment:
NewPLC1(Simulator) - Monitor Mode 200ms [SYNC  [rung 01, 0) - 100% Smart NUM

Figure (3.14): System at idle position

Step (09):

This step illustrates the system when the operator presses the start push

button

2 = &=
[P File Edit View Inset PLC Progam Simulation Tools Window Help
DEHE|[ R &R BRE R 2| MERE (O |[ALS R LIBRAREPRBTRRB (&% S
aaaq SEMER|(EE|(RArHirw | — O BEEL K |G S@E (v (BBEES
CREPARBOAE |(SREBEE 08 %% BB DGR EHM L
== . 3‘
—A —
—H—’—,
o~ —— ——a o—|
—_—— 5
e
[ —
* 4 1t O—|
e |
[=]
le| | f
Project / e Name: [start Address or Value: [0.00 Comment:
Help, press F1 NewPLC1 (Simulator) - Monitor Mode 200 ms [SYNC 930,0) - 100% Smart NOM

Figure (3.15): System when the operator pressed the start push button
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Step (10):

This step illustrate the system when the operator released the

start push
button

2 = @[ =
DEE R &R BR[| RO BN o B [T | BERAR 2L BTER | & S
aaQa SER B RArHirw | —OSBEEL X ||[B S B BE |5 E T
DAABOE SFREPEE RLBE &% BB DB(OGH> 0N L» -
ok 5|
&
—
=]
l«] | f
Project / e Name: [start Address or Value: [0.00 Comment:
For Help, press F1 NewPLC1(Simulator) - Monitor Mode 200ms [SYNC  [rung 0(0,0) - 100% Sm: INUM

Figure (3.16): System when the operator released the start push button
Step (11):

This step illustrates the system when the motor running and the up limit
switch signal disappeared

= ST& =

[P File Edit View Inet PLC Program Simulation Tools Window _Help

DEF W R | & LA L D ° N Al o Hjp Ll  RL-IR PR BTRT|LH w2

axQ == rellE T (2 & [ AR 4 ue | — oo EREFEL % ||[& S| w BE | EB

DRGSO s = P E @ |22 3828 BB SR W T >

EE =
=]

Lol | o
Proje: Moo Name: limitswitehup 02 Comment
m = = Monitor M me 501, 0) - 100% Smart NUM

Figure (3.17): System when the motor running and the up limit switch

signal disappeared
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Step (12):

This step illustrates the level switched signal was received (the pipe touch
the liquid surface)

2 S &=
[ File Edit_Vie et PLC Program _Simulation T Window _Hel

DMk &R B o = 7 D 2N S | B | T | ERAR A2FLBTNRE | LHw %S

axax SEmER|(EE|RArHirw | —Oo o BEEL X || B SE @ 2 BE |

MEFREE & 5 P B E | 22828 P Be =B ae LR

=ix

i
Name: ievelzwiteh Address o Value: [004 Zomment:

NewPLC1(Simulator) - Monitor Mode. .00 ms [SYNC

Figure (3.18): The level switch signal is received (when the pipe touches

the liquid surface)

Step (13):

This step illustrates the system when both signals (level switch & down limit
switch) are received

ST =
[P File Edit View Insert P Program _Simulati Tools Window Helg
DAk SR - W o = o R ||azn(a (% (Ll BARBRPLEBTER LW %S
a Qe SEmE®R(EaE|Ririrw | — oo B EFEL x ||[R S| @ BE | BB 0E =

DERAREE 6 =2 B E | 223828 B8 = e LN ] » >

aaaaaaaaaaaaaaaaaa

91(1,0) - 100% Smart

Figure (3.19): System when level switch & down limit switch are received
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Step (14):

This step illustrates the system when the target liquid is discharged (level
switch signal is disappeared)

=] =TET=
I3 File' Ede View Insert’ OLC. Program. Simuit Window  Hele

DEE R (SR L™ o = Oew|[alimn % (Ll AR AP BTER &L

axQ SEmEREC(virnirw | —ooBTEL K ||B oM w® I

DEEFAR O s = P E |38 38 BB | = AR LRI ]

=)

=l
— >—}—‘
o — S>—|
e e b P ey
s
7 —{ j—w—«/
—
&)
<] o
Proj T me: [leve 04 mm
= Monitor Mod = = = W

Figure (3.20): System when the target liquid is discharged (level switch

signal is disappeared)

Step (15):

This step illustrates the system at moving up period and the down limit switch
Is disappeared.

=&
[P File Edt View Inset PLC Program _Simulation T ] el
D ch &R o = a DTN G (B (WM BREDR BFPRBTER Lk DS
axQa SEmE®R(Ea|Rirvurw | — oo BEFFEL X |G Sw @ BE |58
DERBOE 6 RE EE 223228 | w BB = OB - » >
=
—
=]
le] of
Project XA oo Name: limitswichdown ress or Value: 003 Comment:
ip, pres= F1 LCi(Simulator) - Monitor Mode 200ms [SYNC  lrung 1(1, 0) - 100% Smart NUM

Figure (3.21): System at moving up period and the down limit switch is

disappeared.
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Step (16):

This step illustrates the system when the up limit switch signal is received as

second time (complete the process).

=2 = e =
[P File Edit View Insert PLC Program Window _Hel
DEFWE R &R & & a s D 2N o O | O | T | BEHR mHF S RP | & w B S
aaQaa Si= sl (22 & S A e w | —o2EEFHLx || S| . BE | B2
DEFABOE 66 =2 P E @ | 223828 | BB = R - >
=l
=]
L] | o
ect x| me: i -
NewPLC1(Simulator) - Monitor Mode. 200ms [SYNC  [rung 0.1, 0) - 160% st UM

Figure (3.22): System when the up limit switch signal is received as second

time (complete the process).

Step (17):

This step illustrates the system when it doesn’t receive limit switch signal
(the pump in the middle).

STeT=
DEHE R &R R & = 4= [ 04 ot | | T | B RR PR S B | & S
aaqQ SEmEREaER4rvnirw | —Ooo BESEL k||R SE@a BE |5
MEFAROE & =P E @298 38 3 BB = NR - » >
=
—
=1
l<| | of
ject = ame: i omm:
= WMonitor Mo 200m 0 m oM

Figure (3.23): System on the pump in the middle.
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Step (18):

This step illustrates the system when it doesn’t receive limit switch signal as

well as the operator press the start push button (fault lamp is light)

BB 5017 CX-Programmer - (Rumming] - NewpLE = =
[P Fie Edit vie et P rogram . T v Hel
D&Mk (& B o D "W N RN BAR arl 2 BR | & w %S
aaQ SEmER|(EE R arirw | —ooBEEL X |[&( S w L HE:)
CEFAROE s 3 5@ 223838 B = O D e >
Ixi =l
B3 —
—n—}—l
=
—_r
——
e
=]
Lol | f
m % Comment
Ci(Simulator) - Monitor Mode 000 ms [SYNC  [rung 3 (0, 0) - 100% Smart NUM

Figure (3.24): System isn’t received each limit switch signal as well as the

operator press the start push button (fault lamp was light)
Step (19):

This step illustrate the fault lamp is lighting after the start push button is
released.

=]
5 File Edi

DEW k| &R B € £ o = @ 2 N2 YRS BERAR LK BTRT |&Hw %S
aaQ SEnEm|(Ea|Rirvnirw | — o BEEL X ||[&| S| e BE 2
DEFRBOE |62 EE 88 BB B AR E >

o “ 3 o

ol — —— ——¥

=

o — O

7 1 o—

Figure (3.25): The fault lamp is lighting after the start push button is

released.
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Step (20):

This step illustrate the system returned to ward the idle point when the reset
push button is pressed as well as the fault lamp is turned off.

2 S e =
[ File Edi e nsert L ogram mulat Window _Helg
DEFHE R &SR L) L [ 3 4 ot | B | T | EAR AFRK BTRR | L wl%as
aaAQ SEER|(EaE R rvurw | —ooBEEL K ||[RE S| @a BE |52
CERR O (& 2 E E || 10838 BE = 0 L » >
ixi =
—1}_»—,—4/»—4/»—0—»—<
—
—— G
— — T ————0—
— —
— 4
| o—f
—
=
Il ]
Proje Uk me: reset Commer
= WMonitor Mod = “i00% = NUM

Figure (3.26): System returned to ward the idle position when the reset push

button is pressed as well as the fault lamp is turned off.

Step (21):

This step illustrate the system returned to ward the idle position after the reset
push button is released.

2
i)

DEFHE R SR Lo ) D 2 N2 S | e [T | AR 2AFPL BT RE |&H w2 S
axQ SEmER|EaE|(Arunirw | —oosEEEL k|G S e BE B2

DRSS 66 5P B E |28 3828 BB B DB - » >

::::::::

................ - Monitor Mode 200ms [SYNC  [rung2(0,2) - 100% Smart

Figure (3.27): System returned to ward the idle position after the reset push
button is released.
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Step (22):

This step illustrate the system was on ready mode when the pump returns
back to the idle point.

=2 S o =
[P File Edit View Inset PLC Program Simulstion Tools Window Hel =
DEFWE R &2 "2 M D 2 W Al o % o  RAR BFPFKBTRT|L | 0SL

a QX SemEmEE|gArvurw | —oo>B8EEL x|SR S| 8B EE e
CDEFAROE (s 2P EE 208528 | w %

@@ B[R W W >

Figure (3.28): System is on ready mode when the pump returns back to the

idle point.
Step (23):

This step illustrate the system at the discharging period.

2 = e =
[ File Edit View Inset PLC P mulation Tools _Window _Help =
DEHE R &R el D M= DR | A% 8 % LI EBDAR EBFLKX BTV &% aS
aaQ SEmER|ETRAr#irw | — o BEEFEL K ||[BSE V%Rt (B BEEE
DEABOE SRCPEE L2 %Y | S8 D SR> EHME2H» = ¥ S
=
=]
| 2f
mm
[T T3 Compie A Compie Eror \ Fnd Repor A Transler 1L« ol
elp, press F1 NewPLC1(Simulator) - Monitor Mode 200ms [SYNC  [rung 1(1,0) - 100% Smart M

Figure (3.29): System at the discharging period.
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Step (24):

This step illustrate the pump is stopped and the system is returns back to idle
point when the reset push button is pressed.

2 S [@ =
[ File Edit View Inset PLC Program Simulation Tools Window Help
DEFE R SR L) D 2N o | B | T | B RAR PR S DR &S
aQa SEmER|(EE|RArHirw | —OosBEEL X ||[B S e BE (B0
DEARBOE (6 RCEE 8838 BB B SAE - N RT >
=i Z‘
ij—m—%
—
—H—_—t O
— — it — 0
——
— rodl
—i
=l
le| | 2f
Proe i me: reset omme
< Hel imulator) - Monitor Mod m ) - 100 m M

Figure (3.30): Pump is shut off and the system is returns back to idle point

when the reset push button is pressed.

Step (25):

This step illustrate the system was still returned back to idle point when the
reset push button was released.

=

=TeT=
DA R &SR] o = ® e 2o (%L (DR (AP R BTRE | L w S
axQ Sl [ @[S Ak | — oo BEEL k[5G O e w )
o R O | 6% 2 [P B | 29 30 28 | % 3 @@ B WD e >
ixi =
ﬁz—m—m—%
ey
Ty
= | B
H
—
= ~7—<:|—¢/\—4/v—o—
—i
-l
La | o
- T —eee =
wPLC T Simuision - Maritor M @0 -oo% e N

Figure (3.31): System is still returning back to idle point when the reset

push button is released.
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Step (26):

This step illustrate the system was on ready mode when the pump returned
back to the idle point.

2
B

s Inser Program _Simulation T telp

DEFE R &R R R =T [ 28 14 b5 %% | % |2 0
a o qQa SEmEm Ea | arurw | —oosBEEL x|
DEFBOE s 2P E M| 223828 = 3

AR AFLK BTRP L w S

5 [ 4 o | bl | S8 ¥
=1 - RN N T

9001, 0) - 160% Smart

Figure (3.32): System is on ready mode when the pump returned back to

the idle point.

90



