
Chapter 4 

Components Selection 

4.1 Pneumatic Cylinders Selection 
4.1.1 Loading/ unloading Cylinders 

These cylinders are connected with the tire loading and unloading mechanisms. The 

purposes of these cylinders are to lift the loading tray with a tire at the loading station 

and gradual unloading at the unloading station. It has used a pulley mechanism as the 

basis. The sprocket wheel which is connected with the cylinder shaft acts as a pulley. 

Then the lifting tray moves twice for one cylinder shaft movement. This mechanical 

advantage is used to get twice the distance of tray travel relative to the cylinder shaft 

movement. But this will require a doubled force for lifting. 

Maximum weight of the green tire = 80 Kg 

Total weight with the lifting tray and friction = 90 Kg 

Required piston force = 90x2 = 180 Kg = 1800 N 

Required piston stroke = 600 mm (tray travel 1200 mm) 

Selected piston is a custom made, Dia: 63, 600mm Double acting cylinder. The 

standard force at 6 bars is 1870 N. Double acting cylinder is used to get more control 

when unloading. The down movement of the tray is controlled by regulating the 

cylinder output air flow. 

4.1.2 Clamping Cylinder 

Clamping cylinder is only used to move and grab the green tire. Considerable amount 

of force will be required to overcome the friction between chain and sprocket 

mechanism and also to grab and lift the green tire. Maximum green tire weight which 

will be used for this machine is 80 kg. 
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Figure 4.1 Force distributions between green tire and grabbing arm. 

Maximum tire weight [13] = 80 kg = 800 N 

X= 45°C 

Friction between tire and grabbing arm (F) = W Sin x 

= 566 N 

Required arm force (R) = F Cos x 

= 400 N 

Required piston force (Used two cylinders) = 400 / 2 

= 200 N 

Required piston stroke = 200 mm 

(For the range of 8" to 23") 

Used Festo, [14] DSW-32-200-PPV-A-B, Dia: 32, 200mm Double acting cylinder. The 

maximum standard forward force is 483 N at 6 bar pressure. 

4.1.3 Main painting cylinder 

Main painting cylinder is used to lift the two inside and outside painting cylinders and 

nozzle assembly. Weight of this piston and nozzle assembly is approximately 10 kg. 

Weight of the piston nozzle assembly = 10 Kg 

Required stroke = 6 5 0 mm 

(650 mm of total 1100 mm will travel by this piston) 

Selected piston is custom made Dia: 32, 650mm Double acting cylinder. Standard 

force at 6 bars is 483 N. 
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4.1.4 Inside / Outside painting cylinders 

These two pistons only use to lift the paint nozzles. Therefore it is not required to have 

a great force for this movement. But in order to get a high speed operation, 25 mm 

diameter piston has been selected. 

Selected piston is custom made Dia: 25, 450mm Double acting cylinder. Standard 

force at 6 bars is 295 N. 

4.2 Pressure Switch selection 
Green tire diameter depends on the tire dimension. This machine is designed for tires 

which are having a diameter range from 8" to 23". Clamping j a w arm's movement has 

to stop after it touches the green tire and should apply a considerable force to grab and 

lift the tire. Supply air pressure to the clamping cylinder can be used as a parameter to 

identify this position. This pressure will be measured by a pressure sensor and it will 

pass a signal to the PLC when it reached to the set value. 

Selected pressure switch is SMC, ISE30-01-25-M-L-D, [15] which is an adjustable 

digital pressure sensor. 

Figure 4.2 Pressure switch 

4.3 Motor selection 
Mainly two motors are required for this machine. One is to drive the main arm which 

is connected with the three clamping disks is called as the 'Main drive motor. The 

second one is used to rotate the green tire disk assembly. It is called the 'rotary drive 

motor ' . Also the motor selection has been restricted to select only ABB motors. ABB 

is the standard motors which permitted to use in this factory. 

4.3.1 Main drive motor: 

The arm which is connected with the three clamping disk is called "Main arm' . We 

can consider the main arm with a lifted green tire, as one assembly unit for this 

calculation. 
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Total maximum mass of the main arm with 3 tires = 85+80x3 kg 

= 325 kg 

Distance of the arm from axis to the mass end = 920 mm 

As this mass is kept parallel to the rotary mechanism axis, the motor needs to 

overcome only the inertia of the mechanism and friction. Center bearing is a friction 

less thrust bearing. Then in practice, the axis friction will have a very low value and 

can be neglected for calculations. As these three masses are equal and placed around 

the axis with a 120° distance, we can assume this mechanism as a uniform disk with 

325 kg weight. Then, 

The inertia of the assembly (I) = V2*m*xA2 [16] 

= '/2*325*0.92A2 

= 137.54 kg-m2 

Where, m=Mass of the assembly, r=distance from the main arm pivot point to the 

clamping disk mounting position 

Expected total time to rotate 120° (one position to next position) is 6 seconds. 

2S - Acceleration - 30° 

3S - Constant velocity - 70° 

1S - Deceleration (Braking) - 20° 

Therefore velocity at 30° = 70/3 

= 23.3 Degree/S = 0.41 rad/S 

Therefore required angular acceleration = 0.4112 rad/S2 

= 0.205 rad/S2 

The Newton 's second law of motion when applied to rotating bodies state, the torque 

is directly proportional to the rate of change of angular moment. [16] 

Then, 

Required torque to accelerate main arm = la 

= 137.54 x 0.205 x 10 

= 281.96 Nm 

Where, I = Inertia of the assembly, a = Angular acceleration of the assembly. 

(Assumed acceleration of gravity as 10 m/s2) 
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Selected Indexing gearbox reduction = 150:1 

Motor torque required =281.96/150 

= 1.88 Nm 

By considering neglected friction of the main bearing and the gear box, 

Selected Motor is -> [17] ABB, M2QA 80 M4A, 0.55kW ,4-poles = 1500 r/min 400 V 

50 Hz, Torque ->3.37 Nm, Starting torque-> 2.4 x TN Nm 

4.3.2 Rotary Drive: 

Main purpose of the rotary drive is to rotate clamping disk with a grabbed green tire. 

Same as previous calculation, we can consider this as one solid cylinder assembly 

with a mass of 95kg. (Clamping disk + Maximum green tire weight = 15+80 kg) 

Distance to the mass can be taken as the radius of biggest green tire which can be 

handled by this machine. 

Radius to the effective mass = 1 1 " = 279.4 mm 

The inertia of the assembly (I) = '/2*m*rA2 [16] 

= !/2*95*0.28A2 

= 3.724 kg-m2 

Expected rotational speed of the green tire for painting is 10 rpm. 

Therefore angular velocity of the green tire = 360 x 10/60 

= 60 Degree/S 

= 1.05 rad/S 

Time for one revolution = 60/10 

= 6 S 

Expected angular velocity in one revelation, 

Therefore required angular acceleration = 1.05/6 

= 0.175 ras/S2 

The Newton 's second law of motion when applied to rotating bodies state, the torque 

is directly proportional to the rate of change of angular moment. [16] 

Then, 
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Required torque to accelerate the green tire = la 

= 3.724 x 0.175 x 10 

= 6.517 N m 

Where, I = Inertia of the disk green tire assembly, a = Angular acceleration of the 

assembly. 

(Assumed acceleration of gravity as 10m/s 2 ) 

This clamping disk and green tire assembly will get connected with the rotary drive 

motor at the painting position, though the chain and sprocket wheel assembly. The 

selected sprocket ratio of the green tire assembly and the rotary drive is 25:1. 

Then, 

Effected gear reduction = 2 5 : 1 

Motor torque required = 6.517/25 

= 0.26 N m 

By considering neglected friction of the bearings and getting a safety factor, 

Se lec t ed M o t o r - > [17] A B B , M2QA 71 M4A, 0.37kW ,4-poles = 1500 r/min 400 V 50 Hz 

Torque -> 1.71 Nm, Starting torque-> 2.1 x TN N m 

4.4 Indexing gearbox 
Main arm needs to stop at three positions, which are loading, painting and Unloading 

positions. That means it stops for every 120° position of one rotating circle. Also the 

main arm and the drive motor have to be connected though a reduction gear box to get 

the required speed and torque. In this case, the ' Indexing gearbox' is the perfect 

solution. Those are available in the market with predefined gear ratios and indexing 

positions. For the purpose of this machine it has defined the required main arm 

rotation speed as 10 rpm. 

Drive motor speed = 1500 rpm 

Required gear box out speed = 1 0 rpm 

Selected gear ratio = 150:1 
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Selected indexing gear box is Boneng, H4DHA150 with internal electrically activated 

brake. This electrically activated brake is an added advantage which can be used to get 

a perfect stop at required positions. 

Figure 4.3 Indexing gearbox 

4.5 PLC selection 
Basically this machine 's main controller is a PLC (Programmable logic controller). 

Different kinds of PLCs are available in the market. Basically all the PLCs are 

programmed by a ladder diagram programming method. Different kinds of PLC 

manufacturers are using their own software for their PLC programming. In the PLC 

selection, the first one is to determine the required number of input and output 

terminals. 

Required digital Inputs = 26 + extra 10 

= 36 

Required digital Outputs = 20 + extra 10 

= 30 

Other requirements, 

3 high frequency inputs for encoders (25 Hz), 24 V DC outputs, Easy programming, 

Flexibility to trouble shooting, memory capacity, after sales services and should be a 

company recommended product. 

According to the above requirements the selected PLC is 'S7-200 PV 224 Xpsi C P U ' 

(I/P-14 digital, 2-analog O/P-IO digital, 1-analog) with 'EM223 24V ' (I/P-32 digital, 

O/P-32 digital) expansion module [18]. Total digital input is 46 and 42 outputs. Two 

analog inputs and one analog output are kept aside for future requirements. 
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Program memory 12288 bytes 
Data memory 10240 bytes 

Memory backup 100 hours 
High speed counters 4 at 30 kHz 

Real time clock Built-in 

4.6 Proximity sensors / Reflective sensors 
Here reflective sensors are used to detect the green tire, to stop the loading t ray ' s 

upward movement, and to detect the green tire at unloading position. When the sensor 

beam which reflected by the reflector is cut by the tire, the sensor passes a signal to 

the controller. The reflective sensor which is used is 'Baumer ' N P N F P A M 18N 3151 

due to its high reliability in harsh environment and low impedance. Maximum sensing 

distance of the sensor is 4m. 

connection diagram 

Figure 4.4 Retro reflective sensor 

4.7 Nozzles 
To get a perfect uniform paint application it needs to use a perfect atomization nozzle. 

The specific gravity of the inside paint is 1.25 and outside paint is 1.07. World famous 

brand for this kind of applications is Binks nozzles. Selected nozzle is a USA made 

'Binks ' B-125-LS nozzle as the inside painting nozzle. It is 360° atomization nozzle. 

This is the nozzle which is used for manual operations also. But this nozzle has 25" 

diameter 360° covering area. Then this nozzle can be used for automated process also. 
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For the outside painting propose, the selected nozzle is 'Binks ' A54-72R 8/06, M A G 

HVLP automatic spray nozzle. 

High transfer 
efficiency in a 

manifold mounted 
HVLP compliant 

spray gun 

Figure 4.5 Paint nozzle 

This nozzle can be pneumatically activated and can apply 100 mm wide paint strip on 

the painting surface with a 150 m m distance. Working air pressure is 6 bars and 

required fluid pressure is 8 bars. Actuating pressure is 3.4 bars. Specific gravity is up 

to 1.25. These are the available inputs in the factory. 

4.8 Encoders 
For the paint application process, controller needs to know the green tire height which 

can be hanged on the clamping disk. Then the controller can limit the paint application 

distance along the green tire without any losses. Encoder reads the upward movement 

of the loading tray and the controller gets the green tire height by substituting this 

value f rom the total height which is from the bottom to the clamping disk. At the 

unloading position also, controller counts the unloading tray encoder signals and stops 

it, when it reaches to the desired value as given in the loading tray encoder. 

Selected encoder is HS25 Incremental Optical Encoder. As the operations o-f this 

machine do not need high precision, we do not need to use expensive absolute 

encoders. Therefore an incremental encoder is selected. Also these encoders have to 
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rotate several times for each tray movement. Then it can use low resolution encoder as 

those are very cost effective. Selected encoder has 100 pulses per revolution. 

Figure 4.6 Incremental encoder 

Lift ing jack stroke 

Diameter of the sprocket wheel 

Average lifting jack speed 

Max rpm of the sprocket wheel 

Max: output frequency of the encoder 

= 600 mm 

= 130 mm 

= 100 mm/S 

= 600/(22/7* 130)/6 

= 14.67 rpm 

= 0.244 rpS 

= 0.244 x 100 

= 24.4 Hz 

This frequency can read by the PLC easily. 

4.9 Rotary air union 
The main arm with three disks is rotating around the center point. Also three clamping 

disks are rotating around its pivot axis. It has to supply compressed air though these 

rotary joints. The equipment used for this purpose is a rotary air union. For the main 

arm pivot joint 6 port rotary union is used and for each disk 4 port rotary unions are 

used. 
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* 

Figure 4.7 Rotary air union 

Figure 4.8 Rotary air union assembly 

4.10 Display 
For easy operation and user friendliness, the electronic display is acting a major role. 

It does not need to input any parameters though display device in this machine. Also 

the selected display needs to be perfectly compatible with the PLC. By considering 

these factors, selected display is Siemens TD 200C display. It is compatible with the 

selected PLC. It has two lines of text output display with 20 characters per line, for 

about total of 40 characters. 
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Figure 4.9 TD 200C display 


