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Abstract: A novel roll powder sintering (RPS) technology is proposed for processing real plastic, ceramic, metal and 

other 3-D objects 1m³ (or more) in volume directly from a CAD model within several hours. The breakthrough 

advantages of the technology are compared to the dominant rapid prototyping and manufacturing (RP&M) processes 

that are currently on the market. 
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Introduction 

Rapid prototyping techniques have been 

intensively studied for nearly 20 years[1-4], and the 

commercial applications are currently dominated by four 

relatively mature rapid prototyping and manufacturing 

(RP&M) processes [5]: stereolithography (SL), selective 

laser sintering (SLS), fused deposition modeling (FDM) 

and laminated object manufacturing (LOM). Each of 

these four processes represents a special class of RP&M 

technologies [6-11] . This paper describes a roll powder 

sintering (RPS) technology that combines the main 

advantages of these mature RP&M processes. 

Costs, performance and component sizes are very 

important considerations in RP&M. In comparison to 

other RP processes, the outstanding advantages of LOM 

are its overall low cost [12, 13], high building speed, easy 

post-post processing, the robustness of the 

manufactured parts, and the fact that it does not require 

phase changing and does not entail supports or large size 

parts [14, 15]. Most components can be quickly and 

inexpensively obtained by following the general principle 

of the paper lamination RP process [13-15]. 

Powder technologies cannot be used with LOM, 

FDM [16] and SL techniques, so it is preferable to have a 

wide range of RP&M materials available, though these 

materials may be less than ideal. Since machine 

components can be made out of different materials, a 

range of different powders (ceramic, metal [17-24], 

plastic etc.) is required. SLS uses a powder [25] but 

requires a powerful laser and also suffers from thermal 

distortion [26]. The proposed system, on the other hand, 

can use any powder material, without the use of a 

powerful laser, and results in minimal thermal distortion. 

SL and SLS requires a 2-D scanning system, and the 

variable performance of different scanning systems can 

reduce system accuracy [27] through laser trace 

distortion errors. Such systems were studied by [28]. 

The proposed RPS does not suffer from the 

disadvantages of 2-D scanning systems because the 

proposed system only uses a laser beam in one 

dimension. 

Proposed system 

Principles and components 

Ideally, the proposed system will combine all the 
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advantages (accuracy, performance, different materials, 

low cost, etc.) of mature RP&M processes. The proposed 

RPS system is similar to LOM [29], but does not use a 

heated roller and a moving platform, and to slice up and 

remove excess material to increase performance. 

Figure 1 provides a general illustration of the 

proposed RPS plant. 

 
Figure 1. Simplified RPS diagram: 1. Ribbon roll. 2. Extending rollers. 3. 

Supporting ribbon. 4. Laser. 5. Laser beam. 6. Beam reflector. 7. 1D 
scanning system. 8. Upper bunker. 9. Excess powder remover. 10. Lower 
bunker. 11. Pressure rollers. 12. Component roll. 

The construction process consists of a thin, 

inexpensive, easily-dissolved, compressible (at a wide 

interval) ribbon with perforations along  the side to 

ensure precision. The required production accuracy 

determines the ribbon’s thickness, e.g. 15, 30, 50 µm or 

more. 

First, a ribbon roll is rewound in the arrow's 

direction by extending the rollers (2) and the supporting 

ribbon (3). If the ribbon speed is similar to the speed of a 

regular laser printer (40 pages of A4 format per minute), 

then the processing of a component roll (12) with the 

ribbon (about 100 µm thick and 3 liters in volume) takes 

about 12 minutes. Using an A2 format ribbon makes it 

possible to process the component roll at double the 

volume in the same amount time, thus significantly 

increasing the object processing volume at a constant 

ribbon speed, e.g. about 60 liters per hour 

(approximately, 1m3 in 17 hours), using an A0 format 

ribbon. 

Laser perforation 

While the compressible ribbon is being rewound, 

the laser perforates it in the places where a powder 

needs to be poured, i.e., where the component will be 

located (Figure 2(a)). 

The laser burns out tiny holes in the ribbon up to 

1st extending roller and a supporting ribbon. The holes 

should be arranged in a checkered fashion (to decrease 

the area between the neighboring holes) and should be 

oriented at an acute angle from the vertical ribbon.  

If the ribbon is perforated with the resolution of a 

standard laser printer (i.e., 1200 dpi or more), the 

diameter of the hole is about 21μm or less. 

Due to the inclined perforation, the ribbon 

becomes similar to the grater (Figure2(b)), and the 

direction of the holes facilitates the process of powder 

filling. 

 

(a) 

  
(b) 

Figure 2. (a) Tiny inclined laser perforation on ribbon, (b) SW isometric 
view. 
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Ribbon holes filling and flattening out. 

Following laser perforation, the holes are filled 

with the powder from the upper bunker (1) (Figure 3). 

The diameter of the largest powder particle should 

be at least 3 times smaller than the diameter of the hole. 

Thus, a resolution of 1200 holes per inch requires 

powder particles with a diameter of 7 µm or less. Using 

mixed particles of different sizes improves the filling 

process and connections between neighboring holes. 

 
Figure 3. Powder filling ribbon holes: 1. Upper bunker. 2. Excess powder 
remover. 3. Lower bunker. 

Extra particles from the top of the ribbon which 

are not captured by the holes are removed to the lower 

bunker (3) by the excess powder remover (2). 

Figure 4 shows a piece of ribbon with holes filled 

by powder particles of different sizes before pressure is 

applied. The accuracy required for component 

construction is determined by the ribbon thickness and 

the size of powder particles. 

 
Figure 4. Ribbon with filled holes, SW isometric view. 
 

To improve accuracy and sintering, the filled ribbon 

is flattened evenly from top to bottom by the upper and 

lower pressure rollers (Figure 5). 

 
Figure 5. Rollers pressing filled ribbon. 

During pressing, the ribbon is compressed to 

merge the neighboring filled holes as seen in Figure 6. In 

this case, there are no separate holes, producing a single 

continuous component. 

 
Figure 6. Filled ribbon after pressure, SW isometric view. 

Ribbon removal and component sintering. 

Once the manufacturing process is complete, the 

ribbon must be removed. First, empty areas are 

perforated by a laser behind the 2nd extending roller 

(Figure 7(a)), burning out larger holes in the ribbon in a 

checkered pattern with a perpendicular orientation 

(Figure 7(b)). 

When the whole component roll is rewound, it is 

ready for a sintering plant. Sintering is possible under a 

wide range of conditions, at different temperatures, 

pressures, vacuums or gas states (Figure 8). 

Finally, the unused bits of a compressible ribbon in 

cavities and other places can be easily dissolved, e.g., by 

water (Figure 9). 
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(a) 

 
(b) 

Figure 7. (a) Laser perforation with larger holes, (b) a piece of ribbon 

with larger holes, SW isometric view. 

 
Figure 8. Sintering plant scheme. 

 
Figure 9. Component following removal of the compressible ribbon. 

RPS Modifications. 

Alternatively, a three-layered ribbon can be used 

(Figure 10). The middle layer is identical to the 

compressible ribbon, but is already perforated with tiny 

holes in a checkerboard pattern, at an acute angle. Its 

top and bottom are coated with a thin, easily-melted and 

a easily-dissolved layers. 

 

(a) 

(b) 
Figure 10. Structure of the three-layered ribbon (a) SW isometric view 

and (b) right view. 
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Figure 11 shows a simplified view of a modified 

RPS model. RPS plant cost is reduced because of the 

simplified construction and the fact that the top layer of 

the three-layered ribbon is easily melted and only 

requires a relatively low-powered laser (3). 

In this case, a beam deflector and the second 1-D 

scanning system are not necessary. A supporting ribbon 

is also eliminated because its function is now fulfilled by 

the bottom layer of the three-layered ribbon. 

 
Figure 11. Modified RPS simplified diagram: 1. Ribbon roll. 2. Extending 
rollers. 3. Laser. 4. Laser beam. 5. 1D scanning system. 6. Upper bunker. 

7. Excess powder remover. 8. Lower bunker. 9. Pressure rollers. 10. 
Component roll. 

Conclusion 

This paper describes the improved accuracy, 

performance, and cost characteristics of a novel RPS 

process developed to manufacture components from a 

CAD model. This RPS makes use of 

commercially-available inexpensive components, 

reducing costs through the use of a larger laser dot size, 

thicker building ribbon, smaller particle sizes, while 

simultaneously improving element accuracy, surface 

quality, and construction time. 

The proposed RPS can manufacture 1m³ objects in 

about 17 hours or less. Also, the use of a thin ribbon and 

1-D scanning system makes it possible to build a layer 

tens of microns thick while avoiding 2-D laser trace errors 

and distortions. 
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