
Chapter 3 

Detailed design 
3.1 Overview of the design 
This machine has designed based on the company requirements. That is to increase 

productivity, make hazards free environment for the operators, reduce paint 

consumption and unique paint application all over the green tire. Basic design is a 

simplified logical approach with available components in the market. Other main 

restriction is the company regulations. This is because some of the components have 

to be sourced from the company approved standard suppliers. (Eg: ABB motors, Festo 

pneumatic items, SKF bearings etc.) However these are well established standard 

suppliers with a vast product range. Therefore selecting a suitable component from 

those suppliers is quite an easy task. 

Basically this machine has three positions. Those are. Loading position, Painting 

position and Unloading position. The main rotation arm consists with three clamping 

disks which mounted with 120° angle between each other. These disks named as A, B, 

C and all three rotate with the main arm. For the each operation at each respective 

position, the position has to identify the disk which has aligned with the position. 

Therefore the machine controller needs to identify 9 positions. To get this positions, 

two mechanical sensors are used (named as 'Arm-F & 'Arm-2') which are mounted 

align to the main arm disk A. These sensors are operating by cams which located at 

three positions i.e. Loading, Painting and Unloading and send signals to the PLC. 

Painting Arm-1 -> ON 

Arm-2 -> ON 
Claming disk 

A-Loading Station 

B-Painting Station 

C-Unloading Station 

In the flowchart this position 

Indicated as "PS1" 

Ladder input = 10.0 
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position indicated as "PS2" 

Arm-1 ->ON 
Arm-2 -> OFF 

A-Painting Station 
B-Unloading Station 
C-Loading Station 

In the flowchart this 

Ladder input = 10.1 

Painting 

Sensor 1 (Arm-1) 
Sensor 2 (Arm-2) 

Loading Unloading 

A- Unloading Station 
B- Loading Station 
C- Painting Station 

Painting 
Arm-1 ->OFF 
Arm-2 -> ON 

In the flowchart this position 
indicated as "PS3" 

Ladder input = 10.2 

Sensor 2 (Arm-2) 

Sensor 1 (Arm-1) 

Loading Unloading 

Figure 3:1: Main arm rotation and positions 

Loading Painting Unloading 

A 11 10 01 

B 01 11 10 

C 10 01 11 

Table 3.1 Digital position indication by Arm-1 & Arm-2 sensors 
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3.2 Loading station 
Loading a green tire on to the loading tray is the first operation in the cycle. Operator 

loads a green tire on to the loading tray manually. When he pushes the loading button, 

loading tray goes up (SW1). 

Loading Encoder 

Arm-1 & Arm 2 

SI • 

I 
I 
I li 
isas 
III 

I ' 

Figure 3:2: Green tire loading-1 

When the green tire came to the clamping position, it will block the loading reflective 

sensor beam (Sen_l). When reflective sensor detects the green tire it will send a signal 

to the PLC. Then PLC stops the loading tray's upward movement and start clamping 

action. Green tire height will depend on the tire size. It is vary from 300 mm to 1400 

mm. PLC counts the pulses of the Loading incremental encoder (Rl ) which starts 

from operator pushes the button till the signal receives from the Loading reflective 

sensor. Then it stores that value in a specific memory register in the PLC (Reg A, 

Reg_B or Reg_3). That represents the height of the loaded tire which is needed for the 

next operations. Then the loading tray is returned to its original position. 

Figure 3:3: Green tire loading-2 
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3.4.1 Unloading station operational flowchart 

01 (SW_1) 

I 

02 (LTBLS=1) 
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PS3 J 

AND 

No 

03 (LTUM) 

IF 
Sen 1=1 
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08 (S-LTUM) 

04 (R1) C100 
VW100 

IF 
PS3=1 

IF 
PS2=1 

IF 
PS1 = 1 

05 (Reg_B) 06 (Reg_C) 07 (Reg_A) 
X # _ # ' ' 

VW700 VW600 VW500 

09 (SigCC-1) 

10 (SigCC-2) 

T5 Delay 2S 

- * • 11 (LTDM) 

" i ' 
_ 12 IF 

No LTBLS=1 

Yes 

13 (S-LTDM) • 14 (Sig_R1) 

Figure 3:11: Unloading station operational flowchart 
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Description: 

Index Description FC Symbol Ladder 

(01) Loading tray lift switch (SW_1) 10.3 

(02) Loading tray bottom limit switch (LTBLS) 10.4 

(03) Start Loading tray upward movement (LTUM) Q0.1 

(04) Read loading encoder pulses (Rl) 10.6 

(05) Store R1 in memory register B (Reg_B) VW700 

(06) Store R1 in memory register C (Reg_C) VW600 

(07) Store R1 in memory register A (Reg_A) VW500 

(08) Stop loading tray upward movement (S-LTUM) 

(09) Send a signal to clamping circuit (SigCC-1) Q0.2 

(10) Receive signal from clamping circuit (SigCC-2) Q0.3 

(11) Start loading tray down movement (LTDM) Q0.4 

(12) Loading tray bottom limit switch (LTBLS) 10.4 

(13) Stop loading tray down movement (S-LTDM) 

(14) Send signal to Main arm circuit (Sig_Rl) Q0.5 

3.3 Painting Station 
The clamping disk can freely rotate about its pivot axis. When it reaches to the 

painting station, the sprocket wheel of the clamping disk is engaged with the drive 

chain which is driven by an electric motor. Then the clamping disk and the green tire 

stars to rotate. The air pressure applied to the clamping disk jacks is supplied though a 

rotary air union. Then the disk can freely rotate around its pivot axis while supplying 

the air pressure to the clamping cylinders. At this point, painting position tire 

detecting sensor (Sen_2) is activated to give the signal to the PLC to activate painting 

position activities. 

This electric motor is a 4 pole three phase motor. Its output rpm is 1500. This motor is 

equipped with a reduction gear box. Selected type is with 25:1 gear reduction ratio. 

Then the output speed of the gear box is 60 rpm. The same number of teeth sprocket 

wheel is attached to the clamping wheel. Then the green tire rotational speed is also 60 

rpm. 
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Figure 3.5 Clamping disk at painting position 

9 3 3 5 1 

While the green tire is rotating, paint application process also starts to operate. First it 

will move the inside and outside paint nozzles to the top of the green tire. (Activating 

MPCF, IPCF and OPCF). Then it starts to spray inside and outside paint. Inside paint 

nozzle is 360° spraying nozzle. Outside paint nozzle covers 100 mm length paint strip 

at a time. Then the main paint jack starts to move backward (MPCD). 

Figure 3.6 Green tire at painting position-1 



The loading position encoder (Rl) has recorded a value at the beginning of the cycle. 

It represents the height of the green tire. PLC counts the main paint encoder pulses 

(R2) and checks whether it has reached to the bottom of the green tire. If it has not 

reached to the bottom of the green tire with main cylinder full stroke, inside and 

outside separate cylinders start to move backward. When R1=R2 painting operation 

will be stopped and the nozzles will be moved to its original position. 

Main painting 
j ack which is 
attached both 
inside and 
outside painting 
cylinders 

Inside paint ing 
cylinder 

Outs ide painting 
cylinder 

Figure 3.7 Green tire at painting position-2 

Maximum height of the green tire = 1400 mm 

Outside nozzle spray area = 100 mm 

RPM of the green tire = 60 

Rotations need to cover total area of the 'green tire 

with 50% covering from the previously painted area= (1400/100)* 1.5 

= 21 

Max: time need to paint total area of the biggest tire = 21/60 

= 0.35 minutes (21 S) 

Painting process takes much time in the total cycle. Then the rate of painting a biggest 

tire is around 3 tires per minute. This will meet the required output. Normally the 

biggest tire percentage is around 3% from the total production. 

After the painting process, the main arm rotates 120° to the unloading position. 
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3.4.1 U n l o a d i n g station operational flowchart 
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Figure 3:11: U n l o a d i n g station operational flowchart 
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Description: 

Index Description FC Symbol Ladder 

(15) Painting station tire detect sensor (Sen_2) 10.7 

(16) Outside painting cylinder forward (OPCF) Q0.6 

(17) Main painting cylinder forward (MPCF) Q0.7 

(18) Inside painting cylinder forward (IPCF) Q1.0 

(19) Outside painting cylinder front sensor (OCFS) 11.0 

(20) Main painting cylinder front sensor (MCFS) 11.1 

(21) Inside paint cylinder front sensor (ICFS) 11.2 

(22) Start Inside painting (IP) Q l . l 

(23) Start outside painting (OP) Q1.2 

(24) Move main painting cylinder down (MPCD) Q1.3 

(25) Move inside painting cylinder down (IPCD) Q1.4 

(26) Move outside painting cylinder don (OPCD) Q1.5 

(27) Read painting encoder pulses (R2) 11.3 

(28) Stop Inside painting (SIP) 

(29) Stop Outside painting (SOP) 

(30) Release cylinder block valve (RCBV) Q1.6 

(31) Outside cylinder bottom sensor (OCBS) 11.4 

(32) Main cylinder bottom sensor (MCBS) 11.5 

(33) Inside cylinder bottom sensor (ICBS) 

(34) Stop outside paint cylinder (S-OPC) f i 
i 

(35) Stop Main cylinder (S-MC) 
Vss 1 X? \k 

(36) Stop Inside paint cylinder (S-IPC) 

(37) Send a signal to the main arm circuit (Sig_R2) Q1.7 

3.4 Unloading Station 
At the unloading position, the PLC detects the disk using unloading tire detect sensor 

(Sen_3). Then unloading tray moves upward (ULTU). The PLC counts the pulses 

from unloading encoder (R3) till it matches with the loading encoder value (i.e. 

R3=R1). At this point the unloading tray stops its movement after reaching the green 

tire. Then the clamping jacks move backward and release the green tire on to the 

unloading tray. 
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Figure 3.9 Unloading position -1 

Figure 3.10 Unloading position -2 

After finishing the unloading operation, the unloading tire detect sensor (Sen_3) 

checks whether the tire is perfectly removed from the clamping disk or not. If the 

reflective sensor is clear, then the arm starts to rotate by another 120° to the starting 

position. Unloading tray moves downward till the activation of the bottom limit 

switch (ULTBS). Then it completes one cycle of green tire painting. Within these 

three steps (Loading, Painting and Unloading) it has to communicate with two other 

main circuits. Those are the Clamping circuit and Main arm rotation circuit. This is 

because; these circuits are mainly related to the green tire position. 
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3.4.1 Unloading station operational flowchart 
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Figure 3:11: Unloading station operational flowchart 
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Description: 

Index Description FC Symbol Ladder 

(38) Unloading station tire detect sensor (Sen_3) 11.7 

(39) Start unloading tray upward (ULTU) Q2.0 

(40) Read pulses unloading encoder (R3) 12.0 

(41) Stop unloading tray upward (S-ULTU) 

(42) Send a signal to clamping circuit (SigCC-3) Q2.1 

(43) Receive signal from clamping circuit (SigCC-4) Q2.2 

(44) Unloading tray down movement (ULTD) Q2.3 

(45) Unloading tray bottom sensor (ULTBS) 12.1 

(46) Stop unloading tray down movement (S-ULTD) 

(47) Send a signal to the main arm circuit (Sig_R3) Q2.4 

3.5 Main arm rotation circuit 
Main arm rotation is directly depends on the each station's operations. It will not 

activate till each position is confirmed and a signal is sent to the main arm rotation 

circuit. After it gets the Sig Rl , Sig_R2 or Sig_R3 signals from each position, it 

rotates the main arm by 120° to next position. 

3.5.1 Main arm rotation circuit flowchart 

48 (Sig_R1) 49 (Sig_R2) 50 (Sig_R3) 

• OR 

51 (MAR) z 
Delay 2S 

PS2=1 
PS3=1 

Yes 

52 (S-MAR) 

Figure 3:12: Main arm rotation flowchart 
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Description: 

Index Description FC Symbol Ladder 

(48) Signal from loading station ( S i g R l ) Q0.5 

(49) Signal from painting station (Sig_R2) Q1.7 

(50) Signal from unloading station (Sig_R3) Q2.4 

(51) Start main arm rotation (MAR) Q2.5 

(52) Stop main arm rotation (S-MAR) 

3.6 Clamping disk circuit 

When the PLC receives the signal from loading circuit and PS1, PS2 or PS3 signal, 

respective clamping disk pistons start to move forward (A,B or C CDJO). Ends of 

these piston rods are attached to one clamping jaw. That jaw is mechanically 

connected with other three jaws and expands simultaneously. 

Figure 3.13 Clamping disk operation 

Diameters of the green tires depend on the tire size. Required diameters which can be 

handled by this machine are 8" to 22". Therefore the jaws have to stop when they 

touch with the green tire. Three pressure sensors are used (PSA, PSB and PSC) for 

three clamping disks to detect the contact between the green tire and the jaws. These 

are digital adjustable pressure switches. When jaws touch the green tire, the pressure 

inside the clamping pistons starts to increase. It will be detected by the respective 
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pressure sensors and a signal will be sent to the PLC. Then the PLC stops the forward 

movement of the clamping pistons and holds it by using a center closed 5/3 way valve. 

3.6.1 Clamping disk operational flowchart 
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IF 
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IF 
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OR 
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Figure 3.14 Clamping disk operational circuit 
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Description: 

Index Description FC Symbol Ladder 
(53) Signal from loading circuit (S ig - cc i ) Q0.2 
(54) B-Clamping disk jaws out (B-CDJO) Q3.0 

(55) A-Clamping disk jaws out (A-CDJO) Q2.6 
(56) C-Clamping disk jaws out (C-CDJO) Q2.7 
(57) Pressure Sensor-B (PSB) 12.4 
(58) Pressure Sensor-A (PSA) 12.2 

(59) Pressure Sensor-C (PSC) 12.3 

(60) Stop B-Clamping disk jaws out (S-B-CDJO) 

(61) Stop A-Clamping disk jaws out (S-A-CDJO) 

(62) Stop C-Clamping disk jaws out (S-C-CDJO) 

(63) Send a signal to loading circuit (SigCC-2) Q0.3 
(64) Signal from unloading circuit (SigCC3) Q2.1 

(65) B-Clamping disk jaws Inward (B-CDJI) Q3.2 

(66) A-Clamping disk jaws Inward (A-CDJI) Q3.3 

(67) C-Clamping disk jaws Inward (C-CDJI) Q3.1 

(68) Send a signal to unloading circuit (SigCC-4) Q2.2 

When the clamping operation is finished, it sends a signal to the loading circuit 

(SigCC-2). 

When clamping circuit receives the signal (SigCC-3) from the unloading station, the 

clamping disk jaws attached to the relevant disk starts to move inward. After 

retracting the jaws of the clamping disk, a signal will be sent to the unloading circuit 

(SigCC-4) to start unloading tray movement. 
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