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Performance Enhancement of a Bow Riser Through 

Additive Manufacturing  
 

Introduction and Project Description 
 

Archery is a highly competitive Olympic sport. The pursuit of performance has been the 

obsession of athletes and engineers alike since the dawn of its competitive form. A perfect arrow 

launch is a function of the archer’s steady arm and the vibrational rigidity and structural stiffness 

of the bow. It is a well-known fact that a lighter bow provides a steadier aim. For this reason, 

professional athletes frequently use dumbbells during practice to improve their aim. By 

practicing with heavier objects, the lighter bow becomes exceedingly easier to maintain a steady 

aim with. Based on these observations, the primary performance parameter for a bow is reduced 

weight and maintained stiffness. 

A modern bow is a simple assembly consisting of two main components: the riser, and 

the two elastic limbs attached to each end of the riser. The limbs are mainly stock, off the shelf 

components, so the primary source of performance is the riser. The leading manufacturer of high 

end, olympic-grade risers, is HOYT. Their risers are typically composed of Al6061, primarily 

manufactured using 4-axis CNC milling, and cost in the vicinity of $2000 [3]. The Hoyt Matrix 

Recurve bow riser was used as the benchmark for this project, and the objective of the new 

design was to meet or exceed its stiffness values and reduce its weight. 

 

Figure 1. HOYT Matrix Recurve 

CNC milling is a highly flexible manufacturing method capable of generating complex 

geometries, however it has severe limitations in terms of manufacturing internal cavities. Using 

additive manufacturing and Selective Laser Melting allows us to not only optimize the external 

topology of the bow, but include the interior layout and lattice structure in our optimization. By 

optimizing the lattice structure, we are able to generate a superior stiffness layout that 

considerably outperforms one designed for CNC milling. Selective Laser Melting (SLM) comes 

with its own set of limitations, including reduced reliability in the material properties, 

particularly in bond formation, and potentially increased cost. However, the sublime 

performance requirements outweigh the effort and cost required to ensure reliability in the 3D 

printed part.
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Additive Manufacturing Process Discussion 
 

 The riser was designed to be printed using Direct Metal Laser Melting (DMLM) with the 

X Line 2000R shown in Fig. 2. It is currently the world’s largest full melting metal additive 

manufacturing machine using powder bed technology. For demonstration of this printer’s 

capabilities, Fig. 3 shows an engine block produced in one print. Figure 4 shows technical data 

regarding the 2000R; of particular interest and consideration for this build are the build envelope, 

layer thickness, focus diameter, and available materials. The major requirement of the printer is 

its minimum producible feature size. The riser design requires lattice elements of 750 μm 

diameters. The X Line 2000R can produce features as small as 100-500 μm, thus meeting the 

requirements for the riser.  

 
 

Figure 2. Concept Laser X Line 2000R [1] 

 
 

Figure 3. Printed Engine Block [7] 

 

 
Figure 4. 2000R Technical Data [1] 
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  The 2000R process is similar to many other Selective Laser Melting (SLM) processes 

and is shown schematically in Fig 5. First, the build platform is incremented down by the height 

of one layer.  A layer of powder is then spread evenly on top of the previous layers using a 

counter rotating roller. Two lasers then simultaneously trace its predetermined path for that layer, 

as dictated by the G-code. A unique aspect of this printing system is the external material 

handling system; particles of material are continuously filtered through the machine in a closed 

loop system, where they are passed through a sieving station, then stored in a silo to be retrieved 

when necessary (Fig. 6). Inert gas must be used to control oxidation of the aluminum powder and 

ensure proper bonding of the melted particles. The gas is used in all three section of the printer; 

the sieving station, silo, and build chamber.  

 

 
Figure 5. Selective Laser Melting Process [8] 

 
 

Figure 6. X Line 2000R Powder Circulation [1] 
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A variety of materials can be used with the printer, including AlSi10Mg; our metal of 

choice for the riser design. Aluminum was chosen as the material because of its lightweight 

characteristic while maintaining good strength properties. Also, aluminum is the material of 

choice for other competing riser designs. Improved material properties can be achieved by using 

SLM with this material in contrast to a casting process because of the super-fine grain structure 

produced. Note, however, that the microstructure is still subject to change with subsequent heat 

treatment [2]. Table I shows how drastically heat treatment can improve some material properties 

of AlSI10Mg such as ductility while degrading others, like strength. The loss of strength due to 

heat treatment was compensated for in the safety factor that was applied during the topology 

optimization. 

 

Table I. Material property comparison before and after heat treatment [2]. 

 
 

Component Design 
 

The geometry for the bow riser was generated using Inspire, a numerical topology and 

lattice optimization software provided by Altair. The design space for the topology optimization 

was a partial pseudo-ellipsoid with a channel in the center to ensure free passage to the handle, 

see Figure 7. Material was added on both sides of the handle to allow material to be distributed 

to the areas of maximum bending while simultaneously maintaining the centroid of the riser 

close to the handle, thus contributing to increased stability in the bow.  

The ends and the handle were modeled after the Hoyt Matrix Recurve bow, and 

necessarily resembles the stock ends required to attach the grip and limbs. The primary loading 

case consisted of a fixed support on each side of the handle as well as the back to simulate the 

force of a hand counteracting the draw, and two 110 N point loads near the limb attachments. 

This load was determined based on the suggested draw weight for a medium frame male archer 

[4]. 110 N was slighter higher than the HOYT bow suggested draw weight of approximately 80 

N [5]. Two additional load cases were considered by applying a 10 N transverse loading on each 

end in the negative and positive direction to account for eccentricity in the draw and to ensure a 

sturdy bow riser. This approximately 10% transverse loading was chosen in accordance with 

recommendation from subject matter expert Dr. Taylor [6]. 
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Figure 7. Design Space, Loading Conditions and Results for Topology Optimization 

The parameters for the topology optimization was set to maximize stiffness with a target 

volume of 4% of the design space. This was selected to provide a comparable weight to the 

HOYT design. Ensuring a design with optimum stiffness, and similar weight values to the 

HOYT, it would provide an ideal foundation to minimize weight using lattice optimization. Once 

the solution converged, PolyNURBS were used to construct the geometry guided by the 

optimization results.  

The results matched theoretical expectations as material was distributed along the areas 

of maximum bending at the center of the arc. The rear member (in compression) provides 

additional support against the bending load, and the crosslinking members counteracts the 

transverse twisting.  

 

Lattice Optimization 

Slight changes to the design space was included in the lattice optimization to minimize 

weight. The overall shape of the handle and limb connection could not be altered significantly 

and was therefore not included in the topology optimization. However, the lattice could still be 

optimized in these regions. The design space was therefore extended to include the majority of 

the handle and the limb attachment areas. A flat non-design space was added at the resting plate 

for the arrow to ensure a smooth surface. The load cases remained the same. The parameters for 

the lattice optimization were set to maximize stiffness with a target mass of 50%. The lattice 

infill was set to 100% and the target length and minimum diameter of the lattice elements were 

set to 7.5mm and 0.75 mm respectively. The minimum diameter was chosen to be well within 

the process capabilities of the printer to ensure quality bonds.  
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Figure 8. Design Space and Loading Conditions for Topology Optimization 

Figure 8 shows the results of the lattice optimization and thus the final product. The 

theoretical performance of the part far exceeds the bow risers currently on the market. The 

weight of the part is less than one half the weight of the Hoyt Matrix Recurve bow (0.61 vs 1.3 

kg), and the stiffness is about one order of magnitude greater (max deflection: 201 μm vs 19.6 

μm), see Fig. 9. The significant increase in stiffness was needed to compensate for the poor 

reliability in the manufacturing process, due to bonding deficiencies in the lattice structures, 

tensile and stiffness properties being degraded in heat treatment, and orthotropic material 

properties, particularly in the z direction of the print. The final product is therefore expected to 

have comparable stiffness with the Hoyt Matrix recurve, but with significantly lower weight.  

 

Figure 9. Comparing Stiffness with Hoyt Matrix Recurve Bow 



 

Ashton Blackwood MAE 4329 12/7/18 

Joakim Lea    

 
 
 

7 
 

Build Preparation 
 

The model was scaled down to 1/3 of the original design size for printing with a 

PolyPrinter. A nearly full scale print was attempted on the 508, but repeated failures drove our 

decision to reduce the scale. The lattice optimized print was completed using the FormLabs 

Form 2 at slightly less than ½ scale. The STL file used for printing was exported directly from 

Inspire then scaled using the build preparation software (Kisslicer for the Polyprinter and 

PreForm for the Form 2). The STL mesh image is shown in Fig. 11. To decrease the build time 

of the lattice optimized model from 30 hour to 16 hours, the suggested layer thickness of 25 

microns was doubled.  

 

 
 

Figure 10.1 Kisslicer Support Parameters 

 

 
 

Figure 10.2 Kisslicer Style Parameters 
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Figure 11. STL Mesh Image 

 

Build Execution and Post Processing 
 

 The topology optimized model was printed using the PolyPrinter 508 shown in Fig. 12. 

This is a fused filament fabrication (FFF) printer which extrudes ABS onto a heated bed. The 

material was deposited one layer at a time, using same-material supports throughout. The build 

time was approximately 3 hours for a ⅓ scale model. This model was printed first to ensure a 

deliverable, as the lattice optimized model required a higher precision printer which was not 

always available to us at the time. The only post processing necessary for the non-lattice model. 

was support removal.  

 



 

Ashton Blackwood MAE 4329 12/7/18 

Joakim Lea    

 
 
 

9 
 

 
Figure 12. PolyPrinter Build Process 

 

 

 
 

 

Figure 13. 1/3 Scale ABS Model 

 

The lattice optimized print was accomplished using the Form 2, shown in Fig. 14. This is 

a Stereolithography printer which operates by curing a photosensitive liquid polymer using a 

base mount laser. The build platform is incremented vertically upward every layer, then a wiper 

blade re-smooths the liquid surface before the platform is re-submerged. After the print was 

completed, it was allowed to dry for approximately 30 minutes before it was transferred to an 

isopropyl alcohol bath where any excess resin was washed away (Fig. 15). After a 30 minute 

bath, the build was transferred to the UV curing station shown in Fig. 16, where it was cured for 

1 hour. Finally, the support structure was removed from the riser. The final topology and lattice 

optimized print is shown in Fig. 17 and additional views can be found in the appendix. 

 

 

 
 

 

Figure 14. Form 2 Build Process 

 
Figure 15. Isopropyl Alcohol Bath 
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Figure 16. UV Curing Station 

 
 

Figure 17. Nearly 1/2 Scale 

Topology/Lattice Optimized Model 

 

Conclusion 
 

 This project integrated several important considerations for component fabrication using 

additive manufacturing. The concept was selected based on an opportunity for performance 

improvement. The determination of the required material properties was influenced by 

competitor’s material selection. The printer was subsequently chosen based on available 

materials and print volume qualifications. Printing limitations had to be considered during the 

design process; lattice member size was set to comply with the capabilities of the X Line 2000R. 

When the scaled down model in Fig. X underwent support removal, the support structure 

members were larger than the structural lattice in some regions, making it difficult to remove the 

supports in these regions (toward the tips) without damaging the riser. Because support structures 

would be necessary to subside the thermal gradients present in DMLM, this could be a potential 

post-processing issue for the intended metal print. If the model were refined for actual 

production, the lattice member size should be increased near the tips for ease of post-processing.  

 Production of lattice optimized geometry was previously unfeasible with traditional 

manufacturing methods. The development of technology such as DMLM is making optimized 

structures for specialized components more attractive in industry. This project demonstrated how 

a developed functional component could be improved in performance with the combination of 

optimization software and additive manufacturing technology.   
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Appendix: Additional Topology/Lattice Optimized Print Photos 

 

 
 

Figure 18.1. Topology/Lattice Optimized Print 
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Figure 18.2. Topology/Lattice Optimized 

Print 

 

 
 

Figure 18.3. Topology/Lattice Optimized 

Support Scaffold 

 

 
 

Figure 18.4. Lattice Detail 
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Figure 18.5. Lattice Detail 


