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ABSTRACT 

This paper introduces a practical design procedure for Direct Metal Addictive Manufacturing (AM) by Hybrid 

Selective Laser Sintering or Melting (SLS/SLM). Theoretically AM frees the designer from many design constraints, 

practically it introduces new problems and it requires a brand new design of the part. Hybrid manufacturing reduces the 

problems without solving them totally. Supports can be introduced but represent a waste of time during manufacturing and 

during the post-mill removal. Before a 3D-printed metal part becomes usable, it has already undergone significant post-

processing in the form of CNC milling, hot-hyping, shot-peening or sand-blasting. Powder-bed fusion parts shows a quite 

rough surface finish. Considering that post-milling will be necessary in any case, surface finish is less important than other 

issues metal 3D printing. For example, very small cavities form within the part as it is being built. These defects lead to 

cracks during the part life cycle. Too few power applied by the wiper, too low laser intensity, excessive or inefficient 

cooling are the most common causes. Geometry of the part, optimized printing pattern and machine parameters are used to 

address these problems. AM machine operators have to tune their machines for a given material and print job. In the 

SLS/SLM process, density is achieved with quality powders, optimized build parameters and controlled machine 

environment. Hot isostatic pressing treatment as a post-process removes the porosity and reveals excessive defect by 

deforming the part. Residual stress is a result of the printing process. As the powder is melted and cooled, expansion and 

contraction occur. The residual stress is compressive at the center of the part and tensile at the boundary surfaces. 

Therefore, thin walled continuous parts are to be preferred. In fact, the classical ribbed structure has several thickness 

discontinuity requiring continuous adjustment in the build pattern and in laser modulation. To ensure the quality of the part 

material, the initial layers of the print are removed via CNC milling after the build is complete. Unfortunately, the thermal 

stress of the substrate will cause the part itself to warp modifying its geometry. Support structures are positioned in the 

right locations to prevent distortion or warpage. In addition, overhanging surfaces or down-skins faces have poorer surface 

finish ad are subjected to warping. For this reason, they also need additional supports. For these reasons, the Direct Metal 

AM part may have a completely different geometry than a cast component. An example of redesigning of a PSRU (Power 

Speed Reduction Unit) is provided in this paper. 

 
Keywords: direct metal additive manufacturing, PSRU, aircraft, helicopter, housing, gear drive, transmission. 

 

INTRODUCTION 
In PSRU (Power Speed Reduction Unit) gear 

drives, speed reduction and multiple torque paths are 

common. In WWII years casings were designed for ease 

of manufacturing, then inside out method was adopted 

with ribs and sockets for stiffness and lubrication. 

Therefore, casting has progressively become more 

difficult. For this reason, rapid castings and composed 

FSW (Friction Stir Welded) casings became attractive. 

Even CFRP (Carbon Fiber Reinforced) casings were 

developed with some success. When AM (Additive 

Manufacturing) were publicized by a major company, it 

appeared to be the solution to the problem. Additive 

Manufacturing is a fascinating rebranding of Rapid 

Prototyping. It started with Stereolithography in the early 

1980s, invented by Japanese researcher Hideo Kodama by 

using ultraviolet light to cure photosensitive polymers. In 

1984, Chuck Hull, Alain Le Mehaute, Olivier de Witte and 

Jean Claude André filed patents for the stereolithography 

process. The telltale was that it was paid by a perfumer to 

show new bottles to the potential customers. 

Stereolitography is still widely used. For example, in 

Formula 1 to manufacture small parts, like winglets, 

toggles, switches, small levers. The parts come out 

finished with strength better than polycarbonate. The most 

used material is a composite polyamide based material 

carbon filled. The term “stereolithography” is quoted in 

the Chuck Hull 1984 patent. For PRSUs, due to heat 

dissipation the best choice for Direct AM is the metallic 

one. 

 

Direct Metal Additive Manufacturing (AM) 

AM or Rapid Prototyping (RP) or Rapid 

Manufacturing (RM) is a technology that has the potential 

to fundamentally alter metal manufacturing options. This 

technology has the benefit to reduce scrap meta and to 

manufacture “difficult” geometries. Unfortunately, for all 

of the publicity that AM has received, there are still 

several problems that need to be solved. 
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Table-1. Typical Roughness Values out of the 

manufacturing machine. 
 

Final Forming Step 
Average Surface 

Roughness (Ra) 

Isotropic Superfinishing 0.08 µm 

Grinding 0.8 µm 

Machining 1.6 µm 

Hibrid SLS 1.6 µm 

SLM/SLS 15µm 

EBM 30µm 

 

The majority of powder-based metal AM is in the 

form of powder fusion technologies. Powder technologies 

utilize a thin layer or a localized flow of metal powder and 

a “beam” element to build components layer by layer. The 

most common build technologies are EBM (electron beam 

melting), SLM/SLS (selective laser melting/sintering). 

EBM melts the metal powder in a heated vacuum chamber 

with a temperature slightly above the metal’s melting 

point. EBM produces parts with slightly better material 

properties with larger tolerances and poorer finishing.  

SLM and SLS typically utilize an inert gas chamber and a 

high-powered laser to sinter the metal powder. SLM and 

SLS parts have better surface roughness tolerances. All 

pure powder fusion processes have surface roughness and 

tolerances significantly higher than typical subtractive 

manufacturing processes (see Table-1). For this reason, 

hybrid (CNC milling+AM) technology was introduced. 

These machines perform both processes layer by layer 

with a significant improvement on general part tolerances 

and surface finish. Metal AM has a number of problems in 

build density, surface roughness/waviness, “false/ 

distressed” surface layer, build consistency, porosity and 

fatigue strength. Variable build density (or porosity) of the 

final component affects its fatigue strength. In general, 

slower build rates with greater energy concentration 

during the building process yield increased density with 

poorer manufacturing tolerances. Build density is always 

less than 100 percent and it is not uniformly dispersed.  In 

fact build density tend to fade in areas with more complex 

shape and near the surface of the part. Surface roughness 

and waviness are linked to the distressed surface of each 

layer due to the manufacturing process. Layers of partially 

sintered and melted particles make AM components. 

Many microscopic voids and V-notch failure points 

characterize these layers. For this reasons, metal AM parts 

are not suitable for use straight off the manufacturing-

machine. Build consistency is an issue with metal AM. 

The strength of the metal AM is influenced by many 

factors. The most important are: powder quality, 

laser/beam direction, speed. Build direction produces 

weaker points of the component as fatigue crack will 

typically occur parallel to this direction and to the build 

layers. Build speed and beam or laser power density 

directly affect local part density; they also determine 

surface finish and the false surface layer thickness. The 

false surface layer can be eliminated by machining in 

hybrid AM machines. The density of parts will affect 

porosity as it will alter the heat dissipation between each 

laser pulse. Porosity is affected by powder geometry. 

Metal AM powder should be as spherical as possible. 

Unfortunately, powder manufacturing quality and recycled 

powder (i.e., powder that was recycled as unused form the 

manufacturing chamber) influence the material used in the 

AM printer. A common post-processing is Hot Isostatic 

Pressing (HIP) that is essentially a highly triaxially 

pressurized heat treatment that improves physical 

properties and detects defects by deforming the part. The 

HIP process is effective, but it is extremely selective and 

can easily damage also high quality parts. Another post-

process is Isotropic Super Finishing (ISF). In this process, 

the component is shot peened, for creating multiple 

indentations in which the surface will try to yield but is 

restrained by the substrate. This process introduces a 

residual compressive stress and removes any prior 

manufacturing tensile residual stress on the surface of the 

component. This process improves surface resistance to 

crack initiation and propagation. A second process of shot 

peening with reduced shot size has the effect of improving 

surface roughness. Finally honing is carried out in a 

controlled manner using non-abrasive finishing stones and 

oxalic acids. In this process most of the positive or peak 

surface areas are removed. This latter part of the ISF 

produces a nearly-mirror-like surface finish. Machining 

and grinding are also useful post processing technologies 

for couplings and shape control. For this reason, hybrid 

machines are becoming common in the AM industry. In 

practical use, porosity control is the biggest challenge to 

be addressed. In fact, it affects mechanical properties and 

sealing capability. Since most speed reducer are designed 

with one or more integral lubricant reservoir it is necessary 

to avoid oil leakage. This problem is increased by the fact 

that local micro cracking increases porosity. Local micro 

cracking may be not too dangerous for speed reducer 

integrity since most casings are designer for stiffness 

instead of strength. This is because gear contact geometry 

should be controlled to avoid failure. However, the liquid 

tends to find its way outside helped by the pressure build 

up do to rotating parts. The classical cure to put a sealant 

inside the casing, usually by immersion has several 

drawbacks. The most important one is reduced heat 

dissipation. Only a careful design of housings leads to a 

successful PRSU unit [1-15]. 

 

Designing for Metal Direct-AM  

Solid modelers are optimal for design, giving 

visual feedback of the result.  Most CAD models have a 

direct link to analysis and manufacturing process software. 

Theoretically, one of the simplest of these manufacturing 

tools is “Rapid Manufacturing" a synonym of “Direct-

AM” or “3D Printing”. However, in order to achieve a 

satisfactory quality and cost benefits, our design must be 

modified for this manufacturing process. This means that 

on our model the assembly procedure should be clearly 

conceived, additional metal should be introduced when 

precision post-machining is required and all edge radii and 
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fillet radii must be present along with marking plates. If a 

model is Direct-AM ready, the AM printer preprocessor 

can take the model and the data and manufacture the part 

without changing or interpreting any surface or feature 

that we have modeled. The housings will then reproduce 

the CAD design model. Unfortunately, less than 10% of 

CAD models that are inputted into AM preprocessors are 

truly ready for manufacturing. This problem worsens as 

models get more complex.  This is due to the fact that 

most AM preprocessors get in input STL files. STL is an 

abbreviation of "stereolithography". This file was created 

by 3D Systems. However common rewording is “Standard 

Triangle Language" and "Standard Tessellation 

Language". STL files describe only the surface geometry 

with a raw, unstructured triangulated surface. Triangles are 

described by the unit normal and vertices ordered by the 

right-hand rule.  The global three-dimensional Cartesian 

coordinate system of the original CAD model is used for 

the coordinates. STL files contain no scale information.  

Therefore, units should be specified elsewhere. Usually 

programmer takes this file from the one that is used for 3D 

real time rendering on the display. In fact, the GPU 

(Graphic Processing Unit) usually takes a triangulated 

pattern with other information like color, texture, 

transparency, reflectivity.  Continuity between triangles is 

not a very stringent requirement since the Z-buffer 

rendering will smooth everything out. 3D CAD AM 

preprocessor uses these data to create a tool path that 

machines the pattern. This is why, in 90% of cases, the 

preprocessor (or pattern maker) needs to make changes to 

the design model. The pattern maker uses different 

methods to modify the CAD model data. The most popular 

is to use a re-surfacing CAD system to attach or hinge 

surfaces at the draft angle to create a “continuous surface 

pattern”.  The original design CAD model will have a 

different shape to real part.  To overcome one-way data 

transfer, a few pattern makers use using native CAD 

model. This is often at the request of a paying customer. 

The pattern maker uses the CAD software environment in 

which the model was designed. In this way it is possible to 

edit the design model and extract the features necessary to 

create the optimum AM pattern. It “exactly” (within 

tolerances) replicates the original CAD model. 

Unfortunately, this approach has drawbacks. The 

preprocessor maker theoretically has to invest in several 

different CAD systems to suit different customers. This 

would be enormously expensive also in term of knowledge 

and time.  The problem is worsened by the fact that each 

AM manufacturing technique requires different 

approaches with completely different software. Practically 

this approach fits only to high-end CAD customers. In this 

case, the system is therefore implemented for a CAD 

system. The other users will benefit of the “native AM 

pattern” only if they buy the complete suite. In most cases, 

a better solution consists of preparing our CAD models for 

rapid tooling. In any case, our part design should comply 

the Design For Manufacturing (DFM) and design for 

assembly (DFA) rules.  Theoretically, thanks to additive 

manufacturing (AM), we can ignore DFA and DFM. In 

fact, with Direct-AM we can manufacture an assembled 

sub-assembly. For example, the 3D-printed rocket fuel 

injector published by NASA in 2015 consists of two parts 

instead of the 200 of the traditional assembly. Obviously, 

NASA engineers had to redesign the part by using a 

DFAM (Design For Additive Manufacturing) design 

philosophy. In DFAM the choice of the best material, 

process and process parameters is critical.  Most types of 

AM processes require a support structure. In fact, it is 

necessary to allow the overhangs, to anchor the part and to 

keep it static during build. Generally, pattern making 

software generates different types of support structure 

geometry according to user requirements for most kinds of 

AM processes. However, it is also necessary to thicken the 

parts where it is likely to break or when we need CNC 

manufacturing. Generally, features designed up to a 45-

degree angle support themselves. Metal AM such as 

SLM/SLS must use for support the same material as the 

model material. Therefore, when designing a part for these 

processes, our design should also the support system to the 

model integral to the part. That means extensive CNC 

machining to finish the part, even with hybrid AM. In 

general, support material minimization is a major problem. 

The design requirements and the material itself will dictate 

the post-processing requirements. In general, such 

decisions should be considered during the design phase for 

AM parts. If we optimize the process, where finishing time 

is part of the production time, then post-processing time is 

not negligible. It is also design in multiples of layer 

heights. The external surface of our part is terraced, so, it 

may be necessary to post treat to obtain the required 

smoothness. The walls should be strong enough to not 

collapse or distort and not to vibrate too much during re-

machining.  Add material where the loads will run through 

that part and remove the superfluous material, leaving only 

the load paths. This removes weight while retaining the 

functionality. Counted are the days where we lose time 

converting to a different format, simulate and go back to 

the original software for changes.  STL file can affect 

surface finish and processing times. The faceted geometry 

of an STL file is always problematic in curved surfaces. 

The tolerance of difference between the faceted STL 3D 

curved surfaces and the ones in the original CAD is 

referred to as the chord height. This is generally controlled 

with “chord height tolerance” parameter in our CAD 

system. This parameter can be constant throughout the part 

or variable from area to area. A small chord height 

tolerance will improve part tolerance at the price of an 

increase the number of facets. More facets produce larger 

file with increased processing time.  The optimal tolerance 

depends on our requirements. Remember that is always 

possible to see the STL approximated part on our display. 

Ray tracing will give us a visual idea of the approximation 

level and of the real part that we are going to manufacture. 

There is a large difference in part stiffness and strength 

depending on the orientation of the part during the printing 

process. STL parts only carry surface geometry 

information; therefore, part orientation is manually 

inputted. Theoretically AM makes it possible to design 

with free form and intricate features, directly from CAD 

and without tooling.  Unfortunately, this flexibility does 
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not allow total freedom to design any shape. At least, if we 

want to obtain the necessary repeatability, stiffness and 

strength. In fact, AM technologies have their limitations. 

For example, SLM laser powder-bed overhanging parts 

require sacrificial supports to enable them to manufacture. 

For this reason, parts that have not been designed for AM 

may require many supports.  Design becomes critical if we 

are to produce parts that combine performance with 

practical, cost-effective AM.  Residual stress is the 

unavoidable result of the rapid heating and cooling that is 

inherent to the SLM/SLS. The focused laser moves across 

the bed of each new melting selectively the powder of the 

top layer and fusing it to the layer below. Heat molts the 

metal and flows from the hot weld pool down into the 

solid metal below, then it cools down and solidifies. This 

process takes microseconds. As a new layer of molten 

metal cools on top of the layer below, it contracts. The 

contraction of constrained new metal sets up shear forces 

between the layers. Furthermore, the laser moves along the 

scan vector and it melts the powder of the new weld track 

on top of a solid substrate. As the AM machine adds layers 

on top of one another, the residual stresses build up and 

they can result in distortion, leading the part to curl up at 

the edges or/and it tends to pull away the metal from its 

supports. It is also possible that the build-up the stress may 

cracks of the component, or deform of the build plate. 

Residual stress build up is larger in parts with large cross-

sections with longer weld tracks and more length over 

which the shear forces act. Therefore, scanning strategy is 

used to reduce these forces.  A very common strategy is 

'meander' for thin walled parts (also known as rastering). 

This consists of going back and forth through the section 

with different directions from layer to layer.  Another 

common strategy is to split the scan vectors in 'stripes' for 

parts with thicker sections. This stripes can also be 

arranged in ‘Chessboards’ or in ‘islands’. Stripe reduces 

the individual length of individual scan lines with a 

reduction in the build-up of residual stress. Heating of the 

build plate and post-process heat treatments are commonly 

used to relieve the residual stresses. A good design 

strategy is also helpful to reduce manufacturing stress and 

distortion. A basic rule is to avoid large areas of 

uninterrupted melt. Carefully avoid changes in cross 

sections (ribs). Use thick build plates. The build direction 

is always vertically from the build plate. A criterion is to 

use the most stable part position to minimize stress. In 

Direct-AM metal powder-bed processes, when the laser is 

working on an area where the layer below is solid, the heat 

can flow down into the metal below, creating a strong 

weld by partially re-melting it. In this case, the well-

cooled weld pool solidifies faster as the laser source 

moves on. On the contrary, where the component has an 

overhang, the zone below the weld pool will consist of 

poor-thermally conductive raw powder. This additional 

insulation provokes overheating of the welding pool. For 

this reason, overhangs often exhibit distorted surfaces and 

unwanted additional material may become attached to the 

bottom surface of the component. Overhanging surfaces or 

down-skins also have poorer surface finish than vertical 

and upward facing surfaces for the reason explained 

before. The choice of orientation is aimed to maximize 

self-support. It is often necessary to modify design with 

additional tapered material to reduce supports, increasing 

the part mass and costs. This approach also requires post-

process machining In fact, down-skins will exhibit much 

worse surface roughness than up-skins. Local minima are 

the areas of the part that are not connected to the layer 

below. These require support to anchor them during the 

build. If the AM machine starts building without a support 

structure below, then the first built layer will be probably 

spoiled by the wiper as it deposits the next layer, leading 

to a distorted part. Therefore, the designer goal is to avoid 

local minima. Since down-skins have inferior surface 

finish, it is convenient to orientate the most important 

surfaces on the top. As the wiper applies a new layer of 

powder, it squeezes the power bed. Therefore, a pressure 

wave acts to the parts below. This adverse effect is 

particularly critical for the part component that are 

inclined towards the wiper.  In fact, the powder pushes the 

front edge of the component upwards. It is possible that 

the upward part of component interferes with the wiper, 

leading to a failed build. For this reason, inclined edges 

should be orientated away from the wiper direction. If the 

rotary orientation cannot be changed, then supports are 

needed. This re-manufacturing is best accomplished with 

hybrid machines. Not directly attached sharp edges and 

large areas of material built directly onto the build plate 

should to the build plate. Heating the build plate or adding 

supports to oppose residual stresses in the part may reduce 

the peeling off the material from the build plate.  Supports 

are also used to cool down down-skin areas to avoid over-

melt, burning, and distortion. Finite element analysis can 

also be performed for stress and heat flow. Horizontal 

overhang of 0.3 – 1 mm may self-support, while 

overhangs of more than 1 mm will definitely need re-

design or support. Fillets and chamfers may help to 

eliminate overhangs but at the price of worsening material 

properties. However, to recover material properties in 

thick parts it is necessary to adopt improved patterns like 

the ones described above for stress relief. Supports inside 

cavities, holes and tubes are difficult and expensive to 

remove by subsequent machining. In addition, there is a 

risk of part damage during machining especially when the 

part geometry is weaker than the support. Remember that 

lateral holes on the side faces of parts require supports. 

Holes as small as 0.5 mm dia require support on most laser 

powder-bed machines. Holes and tubes larger than 10 mm 

in diameter require support in the center of the arc. Holes 

between 0.5 and 10mm can be produced without supports, 

but suffer from distortion on their down-skin facets due to 

heat insulation by the powder on the weld pool above the 

overhang. Roundness tolerance of vertical holes is bad. 

Therefore, it is convenient to change shape to a teardrop or 

diamond. Both shapes have similar hydraulic performance. 

In most cases, where a precise round hole is necessary, 

post-process machining is needed. Diamond shape provide 

a symmetrical guide hole for milling machines. 
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Figure-1. Solid equivalent plate. 

 

 
 

Figure-2. Final honeycomb plate with fillets. 

 

 
 

Figure-3. Honeycomb plate of Figure 2 without fillets. 

 

Topological Optimization 
Since ribs should be avoided and continuous 

walls are to be preferred, topological optimization can be 

used to increase the overall efficiency of parts. Lattices 

and honeycomb shaped surfaces are typical of AM. In fact, 

they consent to increase stiffness and strength while 

retaining continuity. An example is given in Figures 1, 2 

and 3. Figure-1 shows a solid wall. Figure-3 shows an 

honeycomb designed so that the upper and the lower 

surfaces are identical. Figure-2 shows the final structure of 

Figure-3 with fillets. The result of Figure-3 can be 

obtained by calculating the hexagon perimeter (1) 

 

sidesideLNPerimeter                      (1) 

 

While the area is (2). 

ApothemPerimeterArea                                   (2) 

 

And the Apothem is (3). 
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To have identical areas on bottom and top of the 

panel the Area that surrounds the single hexagonal cell 

should be identical to the area of the cell.  Therefore, half 

the distance Dist between two cells can be calculated with 

equation (4). 

 

2/DistPerimeterArea                     (4) 

 

With an hexagonal cell (Nside=6) of Lside=50mm 

side, Dist is 43.3mm. Large fillets are used to avoid rapid 

variations in wall direction during manufacturing. In the 

case of Figure-2, fillets are 30mm. The advantage of this 

structure is that with approximately 1/3 of the mass it 

maintains 1/2 the flexural stiffness of the solid wall of the 

same total thickness. With Direct AM, the implementation 

of the modified wall (Figure-2) is relatively easy. The 

advantage in term of manufacturing time cost of mass in 

relatively large. In addition, the material quality is 

improved by the reduced thickness. 

 

Practical Considerations 

Metal AM choice is driven by the heat dissipation 

requirement. Sintered gears and shafts are not very 

performing even when they are manufactured in ways that 

are more traditional. This is because tensile fatigue 

strength is not very high. In the case of metal AM, this fact 

is exacerbated by marked anisotropy and internal residual 

stress. Sintered gears are mostly used in lubrication pump 

due to better scuffing resistance. Therefore, housings are 

the best choice for Direct-AM in PRSUs. The only 

technology available to obtain satisfactory result is the 

hybrid AM, since CNC milling keeps the geometry within 

tolerances in a very reliable way. Manufacturing 

machines, material and technological parameters are to be 

considered fixed as the machine supplier gives them as a 

package. The introduction of new material requires 

expensive experimentation and a constant quality control 

of the powder. For prototyping or very small production 

numbers, the introduction of new materials is not cost 

effective. If the PRSU should be produced in numbers, 

AM is not the right choice due to manufacturing time and 

cost. The main problems of casings made with AM is 

leakage and manufacturing quality. For this reason, the 

minimum thickness required to eliminate lubricant leakage 

should be find experimentally. To find the minimum 

thickness, the same machine with the same manufacturing 

process of the final part manufactures a circular pipe and it 

is tested with pressure and temperature for leakage. The 

pressure is the maximum internal one, usually 10 bar, and 

temperature is the maximum for the lubricant, usually 110 

DEG C. The test should be prolonged in time since 
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leakage is a progressive phenomenon. In this way, the 

minimum thickness is found. In general, the thinner is the 

casing wall the better, for weight and material quality. 

Once found the minimum possible thickness, this value is 

increased by 20% to take into account of “weak” points in 

the final design. Impermeabilization by immersion with an 

appropriate liquid avoid leakages during usage. The test 

pipe can also be used to evaluate material strength and 

stiffness in the main 3 directions. The main three 

directions are parallel, orthogonal to the laser head 

movement and the one orthogonal to the layer. 

 

Casing Design 
The WWII German “school” used thick 3D 

curved surfaces for sand castings. This was an obliged 

compromise between manufacturing quality constraints 

and acceptable overall stiffness. A more recent approach is 

to use ribs.  A third approach is called double walling. It is 

still used in crankcases and gearboxes. This approach 

reduces noise. Usually, the housing design adopts the 

inside out approach. The internal wall copies the geometry 

of the internal parts with a minimal gap (usually 3-5mm) 

for air passage. Ribs and double walls increase stiffness 

and keep away natural frequencies.  Therefore, the design 

of housings starts from the design of the speed reduction 

transmission. In this way the forcing (exciting) loads are 

calculated. Vibration analysis of the internal components 

is then carried out. Then the study of the housing assembly 

is performed on a purely functional basis. Static and 

natural frequencies analysis ends the design phase. Then 

housing are redesigned by the manufacturing people along 

with the necessary tooling.. In the case of Direct-Metal-

AM, the redesign is very constrained by the technology, as 

it will be discussed in the following paragraph. 

 

 
 

Figure-4. Cutway of a PRSU. 

 

 
 

Figure-5. Housing for sand casting PRSU example. 
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This gearbox of Figure-4 is a three-wheel geared 

speed reducer that moves the propeller on top shaft and   

the hydraulic pump/governor of the constant pitch 

propeller with the intermediate one. Design and layout for 

the gearbox internals includes the internal gear train with 

bearings, shafts and lubrication. The lubrication is forced 

and driven by the engine pump. Oil jets are positioned on 

the two gear meshing positions. The oil is directly taken 

from the engine oil pump through external pipes and 

threaded jets. A small rough oil filter and a collector takes 

the oil from the bottom of the housing to the engine oil 

sump. The casing is cut vertically into two halves (see 

Figure-4). The housing for sand cast is shown in Figure-5 

[16-18]. The external ribs or beams transfer the loads to 

the attachment on the engine crankcase. This housing 

would have been positioned with the interface (with the 

other half) horizontal on the bottom of the mold. A core 

would copy the internal part, while two external mold 

would complete the assembly. The aluminum alloy would 

come from the bottom, with the hot gases escaping from 

the top of the mold. A minimum thickness of 6 mm is 

necessary to obtain an acceptable quality. The housing has 

been completely redesigned to be manufactured with 

Direct Metal AM. The horizontal build plate is again 

positioned on the interface with the other half. The ribs 

have been eliminated being difficult to manufacture and an 

integral version of the housing has been designed. In 

figure 6 the arrow shows the build direction. Large fillets 

have been added to reduce the local minima. 

 

 
 

Figure-6. housing for Direct AM. 

 

 
 

Figure-7. Housing for Direct AM. Several different 

thicknesses are allowed. 

 

 
 

Figure-8. Housing for Direct AM. 

 

 
 

Figure-9. In red: critical low minima areas in which lower 

quality is accepted. 

 

These very large fillets improve the self-

supporting capability of the nearly horizontal parts 

(Figures 7-8). In this case, it is accepted a lower quality of 

a few of the local minima (Red paint in Figures 9, 11). The 

supports to the crankcase have been shortened and spacers 

should be added in the final assembly. In addition, the 

support of the hydraulic governor will need an additional 

interface (Figure-7). Thicknesses have been reduced to 

contain mass (Figure-7). Supports will be added in bearing 

supports to improve quality (Figure-10). Hybrid AM 

machine will be used to keep geometric tolerances. Post-

milling and grinding will be necessary for the bearing 

housings. As shown in this figures a complete redesign 

was necessary for Direct Metal AM. 

 

 
 

Figure-10. In red: critical areas that will be Supported. 
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Figure-11. In blue: critical areas that will be left 

Unsupported. Low quality is accepted. 

 

CONCLUSIONS 

This paper introduces a practical design 

procedure for Direct Metal Addictive Manufacturing 

(AM) by Hybrid Selective Laser Sintering or Melting. 

Theoretically AM frees the designer from many design 

onstraints, practically it introduces new problems and 

require a brand new design of the part. Hybrid 

manufacturing reduces the problems without solving them 

totally. Supports can be introduced but represent a waste 

of time during manufacturing and during the post-mill 

removal. Before a 3D-printed metal part becomes usable. 

it has already undergone significant post-processing in the 

form of CNC machining, hot-hyping, shot-peening or 

sand-blasting. Powder-bed fusion parts show a quite rough 

surface finish. To reduce this, thinner particles of powder 

are printed, supports are added and hybrid process with in-

build CNC milling is carried out. These precautions, 

however, drive up the cost of the process and the 

production time. Therefore, there is also a tradeoff 

between tolerances-finish and time-cost. Considering that 

post-milling will be necessary in any case, surface finish is 

less important than other issues metal 3D printing. For 

example, very small cavities form may form within the 

part as it is being built. This can be caused by the 3D 

pattern or by part geometry itself or even from the powder. 

These defects lead to cracks during the part life cycle. 

These pores can occur due to “errors” in the 3D printing 

process itself.  Too few power applied by the wiper, too 

low laser intensity, excessive or inefficient cooling are the 

most common causes. Geometry of the part, optimized 

printing pattern and machine parameters are used to 

address these problems. Most machine operators have to 

tune their machines for a given material and print job. In 

the SLM/SLS process, density is achieved with quality 

powders, optimized build parameters and controlled 

machine environment. Hot isostatic pressing treatment as a 

post-process removes the porosity and reveals excessive 

defect by deforming the part. Residual stress is a result of 

the printing process. As the powder is melted and cooled, 

expansion and contraction occur. The residual stress is 

compressive at the center of the part and tensile at the 

surfaces. Thin walled parts continuous are to be preferred. 

The classical ribbed part has several thickness 

discontinuity requiring continuous adjustment in the build 

pattern and in laser modulation. Therefore, thin continuous 

wall are to be preferred. To ensure the quality of the part 

material, the initial layers of the print are removed via 

CNC milling after the build is complete. Unfortunately, 

the thermal stress of the substrate will cause the part itself 

to warp modifying its geometry. Support structures are 

positioned in the right locations to prevent distortion or 

warpage. In addition, overhanging surfaces or down-skins 

faces have poorer surface finish ad are subjected to 

warping. They also need additional supports. For these 

reasons, the Direct Metal AM part may have a completely 

different geometry than a cast component. An example of 

redesign of a PSRU (Power Speed Reduction Unit) is 

provided in this paper. 
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