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ABSTRACT 

Another energy that can be utilized from the photovoltaic panel is heat due to solar radiation. To optimize the 

delivery of heat from the surface of the solar panel, the pipe must be made to have the broadest contact area. To 

create this, the pipe must be flattened by a special tool or machine. The flattened pipe cannot be leaked. Incorrect 

method of pipe flattening will cause cracks in areas with high strength. Other demands, the results of the flattened 

pipe must be straight. To expel air in the pipe, one end of the pipe is tightly closed by the brazing method and the 

other end is given a one-way valve for the vacuum pump line. For permanent closure, the tip with the one-way 

valve is closed by the pressing method, then the remaining pipe is cut. Author's hypothesis, a machine with a 

gradual roll mechanism is precisely used to get a good flat pipe. Closing the last tip pipe end by pressing and 

cutting method. The results of this method are satisfactory, the flattened pipes are straight, the welding and 

compression do not cause leakage. This paper will be discussed the design of the rolling and pressing mechanism, 

followed by the analysis of the force, moment, and torque of the pipe formation. Then it will also analyze the 

appropriate motor drive power requirements. 

KEYWORDS 

Rolling Machine, Flattened Pipe, Gradual Roll Mechanism, Cut and Seal  

INTRODUCTION 

The manufacturing method is one of the keys to the success of making a product. In the industrial world, 

manufacturing is one of the determinants of QCDS (Quality, Cost, Delivery, and Safety). Products designed by 

product design experts (Product Engineers/Designers) can be transformed into real products if they meet the 

requirements for manufacturing capability (manufacturability).In the world of engineering (machinery), a product 

can be made with an appropriate machine or tool. The machine or tool is designed by a Manufacturing Engineer. 

Products can be made with a special function machine (Special Purpose Machine), a general-purpose machine 

(General Purpose Machine), and/or with the help of tools (Mold, Dies, Jig & Fixture). In a heat exchange 

mechanism, the heat pipe is one of the important components. For some heat exchanger usage designs, the heat 

pipe is made flat so that the area of contact is as optimal as possible. Because generally, the raw material for this 

pipe is round, a further process is needed to make it a flattened pipe. The manufacturing process must produce flat 

pipes that are uniform in thickness, straight, and the most important thing is that there are no cracks and leaks. 

Flat pipes will be used to channel excess heat from a solar panel. The widest side of the flat pipe will be attached 

to the bottom surface of the solar panel. This flat tube contains vacuum air.  

In this research, we will analyze whether the pipe flattening process with the rolling system is suitable for pipes 

with a diameter of 3/8. And if a limited number of rollers can produce a pipe of good quality. From some literature, 

the pipe flattening process by direct pressing cannot produce flat pipes with parallel sides (Figure 1). The part 

with the largest deflection value is to the two ends of the pipe on the left and right (b). At the height H, the pressure 

causes the center side of the pipe that is attached to the pressure plate to become concave. And finally, the results 

are obtained as shown in Figure (c). Besides the parallel shape of the surface, a result that is not cracked/leaking 

also needs to be the main thing. In the formation phase of a flattened pipe, there will be a change in stress 
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concentration in certain parts of the pipe section that have undergone plastic deformation. If the shaping process 

is too sudden then the results will not be good [1]. The middle part of the pipe cross-section will be the pipe sliding 

stacking area [2]. The pipe flattening process is selected using the rolling press method. The initial hypothesis, 

this method can make the pipe form gradually. Thus it can reduce the risk of leakage. To maintain the vacuum of 

the air, the two ends of the pipe are closed with the brazing and pressing method. 

 

Figure 1. Pipe flattening technique with direct pressure (stamp/press) [3] 

After studying some roller machine design literature, it was decided that the roller mechanism for pipe flattening 

with 4 parallel rollers. Each roller has a pressure distance adjustment mechanism. The flow of the design process 

to manufacturing and trial following Figure 2. 
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Figure 2. Research and design process flow of flattening machine 
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Figure 3. Comparison of Cross-Sectional Area 

The relationship between the pressure distance and the cross-sectional area of the piping pipe is approached by 

equation (1). The width of cross-section A can be known by knowing the values of B and C (Figure 3). 

𝜋. 𝐶 =  𝜋. 𝐵 + 2𝐴                                                                                              (1) 

∴ 𝐴 =
𝜋.(𝐶− 𝐵)

2
                                                                                                            (2) 

Table 1. Comparison of B to A 

No. B (mm) A (mm) 
Cross section 

area (mm2) 

    

1 9,525 0,000 71,256 

2 8,525 1,571 70,470 

3 7,525 3,142 68,114 

4 6,525 4,712 64,187 

5 5,525 6,283 58,689 

6 4,525 7,854 51,621 

7 3,525 9,425 42,981 

8 2,525 10,996 32,771 

9 1,525 12,566 20,990 

10 0,525 14,137 7,638 

 

From table 1 it can be seen that the greater the value of A, the smaller the value of B which will cause the cross-

sectional area to be smaller as well. This can be a consideration of how much volume of vacuum air is required. 

The amount of rolling force required depends on several things. The main factor is the mechanical property of the 

material to be rolled, namely copper or copper (Table 2). 
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Tabel 2. Copper Pipe Mechanical Properties [4] 

 
 

The pipe must be given plastic stress to obtain a new product shape/not return to its original shape. The stresses 

that must be applied by the rollers are above the copper yield stress which is greater than 105 MPa (105 N/mm2). 

The gradual reduction of dimensions can reduce slip or optimize the rolling force of the steel roller to pull the 

copper pipe at the time of feeding. 

 

Figure 4. The contact surface of roller Ø50 mm with Ø3/8” of pipe – 1st roller until 4th roller 

Figure 4 shows the initial rolling step from thickness dimension (inside diameter) 9,525 mm to 7,525 mm 

(according to table 1). The area of the compressed cross-sectional area is the contact line between the rollers and 

the pipe times the thickness of the pipe. 

𝐿𝑓𝑝 = 2. (
𝛼

360𝑜). 𝜋. ∅𝑅 . 𝑡𝑝                                                                                                                         (3) 

FR = P.Lfp                                                                                               (4) 

Lfp  = Cross section of flattened pipe (mm2) 

α = Contact angle between roller and pipe (o) 

ØR = Roller diameter (mm) 

tp = Pipe thickness (mm) 

FR = Roller pressing force (N) 

P = σY (Yield Stress) (N/mm2)  

 

Once the roller compressive force is known, the required torque moment can be calculated, then the rotating power 

(motor) can be found. Because the calculation of the dimensions of the shaft, pegs, and sprockets has enough 

references, this paper will not be discussed again. With the formula (4), the rolling force per roller is 2506.991 N. 

The magnitude of the normal force W of the roller is tangential to the penetration/compression distance. While 

the rolling motion parallel to the object moves linearly. Force W is much larger than force H (figure 5). [5] 
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Figure 5. a) shows the sketch of the rolling process, while b) presents the specific force based on Hambleton 

and Drescher (2009) 

Another reference states that the success of a rolling machine is also influenced by the choice of design or concept, 

type of material, and ease in the manufacturing process[6]. We must also understand that the spring-back 

phenomenon in the plate forming process is bound to occur. Therefore, the forming and forming material factors 

must be considered [7]. 

 

Figure 6. Preliminary design of a rolling machine 

Figure 6 is a rolling machine design for a small scale with a maximum capacity of 1 "diameter. The rollers use 

AISI 1045 material. These materials can be hardened if needed. For the wall frame and base using AISI 1018. 

The fastener uses hexagonal bolts and a grade 8.8 M12 nut to tie the left and right walls. For the base to the wall 

using the M10 socket head cap screw. To adjust the distance between the driven roller and the roller driver, a 

hexagonal bolt M10 and a contra nut are used to prevent reverse rotation. 

Rolling Machine Analysis with FEA Software 

From the results of deflection analysis using Finite Element Analysis (FEA) software, it is known that the 

deflection value is very small (Figure 7). 

 

Figure 7. Bending/deformation simulation results 
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The critical stress in all components of this rolling machine is still below the maximum tensile stress allowed by 

each material used (Figure 8). 

 

Figure 8. Simulation results of areas with critical stress 

The average safety factor for all components is above 2 and safe (figure 9). 

 

Figure 9. Simulation result of safety factor 

Press and Cut Mechanism Design 

The air in the flattened pipe will be expelled so that the pressure is negative. There must be no air or fluid in it. 

After the air is removed, permanent closure is required. Closing is done by pressing one end of the pipe until it is 

tight and not allowing air to come out or come back in again. Previously, one of the pipes had been closed by the 

brazing method, then the other end was nipped. After the air is removed, the side with the nipple is removed. To 

cover and remove the sides, this is done by using the press and cut method. 

 

Figure 10. Concept of Press and Cut 

Cutting Punch 

Flatenned Pipe 

Upper dies 

Lower dies 
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Figure 10 is the concept of a press and cut mechanism for a flattened pipe. The pressing process is carried out 

with pressure above the yield stress material (copper), then continues with cutting by cutting punch. [8] The cutting 

pressure (shearing) is applied to pass the ultimate stress of the workpiece material. 

𝐹𝑃 =  𝜎𝑌. 𝐿𝑃                                                                                                            (5) 

𝐹𝐶 =  𝜎𝑈. 𝐿𝑓𝑝𝑠                                                                                                            (6) 

FP  = Pressing force of Upper dies 

σY = Yield Stress of copper 

LP = Pressed copper cross-section 

FC  = Shearing force of Cutting Punch 

σU = Ultimate Tensile of copper 

Lfps = Shearing cross-section of copper 

Press and Cut Analysis with FEA Software 

 

Figure 11. FEA Press (Stress) simulation results 

The force required for the pressing process is 23625 N (figure 11). With this force, the lower and upper sides of 

the flattened pipe are tightly attached and there is no leakage (figure 12). 

 

Figure 12. Simulation results of the FEA Press (Displacement) 

For the required cutting style is 15300 N (fig. 13). The force data can be used to determine the driving force of 

the crank manually, pneumatically, or hydraulically. 
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Figure 13. Simulation results of FEA Cutting (Stress) 

 

Figure 14. Simulation results of FEA Cutting (Displacement) 

By applying pressure to the blade above ultimate strength, the pipe can be cut to pieces (figure 14). 

Roller Machine Design 

Figure 15 is a rolling machine prototype that has been made. 4 rollers at the bottom are a fixed roller as a driver 

(driving). Each roller has a sprocket which is then connected entirely by a chain. This means that each roller has 

the power to pull the pipe in each phase. 

 

Figure 15. Rolling machine with 4 rollers 

 

A top is a group of driven rollers which can move freely. The pressure distance or gap against the pipe is set on 

the rollers. Namely by adjusting the distance to press the bolt at the top. The 1st rollers have the least penetration 
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and then increase the 2nd, 3rd, and 4th rollers. The 4th roller determines the required thickness of the flattened pipe. 

The top height of all roller drivers is the same. The height difference or penetration setting is only on the driven 

roller. Therefore, the shaft mounting holes for the driven roller is not round but grooves (oval). One of the roller 

drivers, namely the 4th roller is given a longer shaft to be connected to the rotary power source. Can be a manual 

crank or an electric motor. To ensure the chain does not go off track, a tensioner or idle roller made from 

polyurethane is provided (Figure 16). 

 

Figure 16. The driving part of the rolling machine 

The rolling machine is made for laboratory scale. On an industrial scale, other enhancements are required. Also, 

the number of rollers is made more so that the results are smoother and more precise. A large number of rollers 

also minimizes the heat build-up when pressing. Adding too much heat may cause cracks in the yield or 

product.[9]. On an industrial scale, feeder pipes can also be entered automatically with an auto feeder mechanism. 

Then, to ensure the alignment of the pipe, a straightener mechanism is added. 

 

Figure 17. Example of a Flattened Pipe [10] 

Figure 17 shows the metamorphosis of a pipe with other types of material to become a flattened pipe. It can be 

seen that the thinner the cross-sectional area of the hole is getting smaller. 

 

Figure 18. Flattened Pipe from a prototype rolling machine with 4 rollers 

Figure 18 shows the product of a rolling machine with 4 rollers. The flatness results of the product have met the 

requirements, although the quality can still be improved. 
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CONCLUSION 

The rolling machine design has been implemented successfully. From the production with 3/8" diameter copper 

pipe material, it is known that the resulting flakes meet the requirements (flat and parallel between the top and 

bottom flat sides of the pipe). The number of rollers of 4 pairs in addition to successfully producing a flattened 

pipe also allows manual operation (with crank arms). The force required is still within the range of human 

capabilities (ergonomics). Pipe end closure concept with successful pressing, no leakage. The design can be 

expanded to be a complete system from the auto feeder - rolling machine - straightener. The press and the cut 

mechanism are on another line. 

SUGGESTIONS 

This research is preliminary research for the development of a better pipe flattening machine manufacturing 

process. Increasing the number of rollers and a fully automated working method can be a good and strategic 

option. Thickness and crack analysis should be carried out in future research because at high pressure this will 

likely be crucial. Support machines such as straighteners and cut and seals mechanisms are the next target. Because 

following its original purpose, this machine is to help manufacture flattened pipes for heat transfer, where the 

process of closing both ends of the pipe perfectly is one indicator of its success. 
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