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Abstract6

CarlosPurpose: Along the last years, the complexity of products has been growing7

progressively, while the product development life-cycle tended to be reduced. In addition to8

that, additive manufacturing technologies increased their role in the product development9

process, resulting in reduction of errors and products release time. In spite of these benefits,10

the main application of these technologies is still focused on initial phases of projects and11

results in high costs of parts and low volumes. On the other hand, although conventional12

produtivity processes results in low costs and high volumes, the investiment related to these13

processes are high and the implementation time are long. For that reason, the main goal of14

this work is to investigate the possibility of application of additive manufacturing technologies15

for small and medium scale production.16

17

Index terms— additive manufacturing, small scale production, network production, flexible manufacturing18
systems.19
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Abstract-Purpose: Along the last years, the complexity of products has been growing progressively, while the23
product development life-cycle tended to be reduced. In addition to that, additive manufacturing technologies24
increased their role in the product development process, resulting in reduction of errors and products release time.25
In spite of these benefits, the main application of these technologies is still focused on initial phases of projects and26
results in high costs of parts and low volumes. On the other hand, although conventional produtivity processes27
results in low costs and high volumes, the investiment related to these processes are high and the implementation28
time are long. For that reason, the main goal of this work is to investigate the possibility of application of additive29
manufacturing technologies for small and medium scale production.30

Design/methodology/approach: In order to analyse the feasibility of additive manufacturing technologies as31
productivity way, we established the injection molding as the reference process. In addition, it was also studied 432
scenarios where the volume of parts, time demand, parts maximum dimension and flexibility were the variables33
and the lead time, part cost, investments cost and pay-back period were the responses. In the first scenario, it34
was analysed the production feasibility of a injection molding process where the injector machine and tooling35
costs were considering as capital investment. In the second scenario, we investigated the feasibility of additive36
manufacturing services for production, while the forth and fifth scenarios analysed two different production37
strategies where additive manufacturing technologies are considered. In both cases, the acquisition of equipment38
was considered in the investment and part cost estimation. At the end, all the scenarios were compared in order39
to identify suitability the production strategy for small and medium scale strategies.40

Findings: As result of this study, it was possible to identify part cost estimation models for different sort41
of production ways, where the feasibility of this scenarios could be evaluated. It was also seen the variation of42
part cost as a function of annual demand in addition to the analysis of minimal stock analysis, lead time and43
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3 PRODUCTION ESTIMATION MODELS

demand time. Through these analyses, it is possible to identify the feasibility of each one of studied production44
ways in accordance with annual part demand. By the end, all the studied scenarios were compared and it was45
possible to indicate the most suitable production way as a function of annual part demand. In this case, very46
small production scale was marked to be better attended by additive manufacturing services, while small scale47
was by low cost additive manufacturing with 8 machines in network arrangement.48

ver the last several years, the application of additive manufacturing (AM) processes has been steadily growing49
up as consequence of the advantages provided by it sort of process. In contrast with the benefits of these50
technologies, the main application is still focused on prototypes and special parts, as such medical devices51
(GIBSON et al., 2002;GIBSON et al., 2010; CUNICO e CARVALHO, 2013b; a). In parallel to those facts, the52
current production strategies are based on rapid or definitive tooling, resulting in high capital investments. As53
consequence, small scale production investments tend not to be justified or the payback time is too long (RUFFO54
et al., 2006).55

For that reason, the main goal of this work is to present a proposal of small scale production which is based56
on additive manufacture technologies. As result, it is expected that the analysis and comparison of the current57
manufacturing process (injection molding) versus 3 other additive manufacturing options indicates the solution58
that is more suitable for small scale production.59

In order to analyse the feasibility of additive manufacturing technologies as an effective production way, we60
established the injection molding as the reference process in addition to studying 4 scenarios where the annual61
part demand, time demand, parts size and investment were the variables and the lead time, part cost, investments62
cost and pay-back period were the responses.63

In all the studied scenarios, we defined and indicated numerical models for the part cost estimation, where64
the definition of the main components of cost, lead time and minimal stock help to identify the O Introduction65
feasibility of each scenario according to the part demand.66

In the first scenario, it was analysed the production feasibility of an injection molding process where the67
injector machine and tooling costs were considering as amortised capital investment. In this scenario, besides68
the analysis of feasibility, we have also presented an estimation model for the part, tooling and overhead costs,69
being useful for the process selection and the part cost estimation at the beginning of projects.70

In the second scenario, we investigated the feasibility of additive manufacturing services for production, where71
the costs related to production overhead and tooling are ignored. In this scenario, it is also important to see72
that besides the lead time and inventory dimensioning play a fundamental role in this business segment, these73
parameters might determine the feasibility of a new product release.74

In the third and fourth scenarios, we analysed two different production strategies where additive manufacturing75
technologies are considered. In both cases, the acquisition of equipment was considered in the investment and76
part cost estimation. At the end, all the scenarios were compared in order to identify suitability the production77
strategy for small and medium scale strategies.78

In addition to the feasibility analysis of small scale production products, this work can also be a very useful79
tool for customised or tailor-made business segments, where the feasibility of new products is hardly achieved80
and the product cost tend to be extremely high.81

2 II.82

3 Production Estimation Models83

In order to investigate and compare the part cost of parts which are made in conventional injected mold and84
additive manufacturing techniques, we selected the main components of the part cost and created estimation cost85
models of these components.86

In general way, the main part cost components can be classified in direct and indirect costs, as shown in Figure87
1 In this way, it is possible to see that the direct cost is related to the material which is directed used to fabricate88
the part, while the indirect costs concern the process time, labour, investments and are amortised by the volume89
of fabricated parts. ). Therefore, the part cost ( part C ) might be defined as:machine overhead tooling direct90
part C C C C C + + + = (1)91

In addition to the analysis of part cost, it was also analysed the feasibility of the production scenarios with92
respect to demand and lead time. In fact, this is an important parameter to be analysed because it indicates93
whether the productive way is feasible, in addition to indicating the minimal stock which is necessary for each94
annual demand and the part demand time.95

For the definition of part demand time, we assumed that the annual demand is distributed homogeneously96
along the year. Therefore, it was possible to see that the part demand time might be characterised by: ), as97
shown in Eq. ( ??)? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? = demand down demand lead down delivery t t98
round N t t round N Stock (3)99

Therefore, if we assume that the demand time is equal to the delivery time per part, it is possible to estimate100
the minimal inventory which is needed to attend production through the maximum of stock curve in addition to101
the safety stock.102
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4 a) Injection Molding103

In order to identify the total cost of an injected part, we applied an estimation cost model to identify the tooling104
cost, while the machine cost was obtained by quotation. The part direct cost was estimated through the part105
volume and the raw material cost was identified by low volume quotation.waste material part material part part106
direct C k V C + ? ? = __? (4)107

5 ii. Tooling Cost108

For the estimation of tooling cost, we applied Boothroyd and Dewhurst’s method, which concern in the estimation109
of operational and direct costs which are necessary to build a cold runner mold (REES, 1996 ), as it is possible110
to see in Eq. (6). In this study, we ignored the discount factor per cavity in addition to establishing that the111
number of cavities should be limited to 5. This restriction in the number of cavities was defined because the112
mold was design to low production volumes (REES, 1996; CHATAIN e DOBRACZYNSKI, 1997; FAGADE e113
KAZMER, 2000).114

6 (115

)discount cavity cavities cavitiy cavities f n C C _? ? = (6) i. Direct Cost116
The direct cost of part is related to the quantity of material which is necessary to fabricate the part, where117

the volume of part ( part V ), the specific weight of material ( With respect to the cavity set cost, it is possible118
to identify that the main cost components are related to cavity material ( ). This estimation can be seen in Eq.119
( ?? k V C ____? ? = ? (8)120

Where: ) are also included in the model, Eq. ( ??4). In spite of the effect of this factors effect on the time121
estimation, we established that the efficiency of machining is high and the complexity of part was low, resulting122
in those factors being equal to cavitiy cavitiy cavitiy material cavitiy H W L V ? ? = _(9) And, ] , 1 . 0 max[123
part part part cavitiy H L L L ? + = (10) ] , 1 . 0 max[ part part part cavitiy H W W W ? + = (11) ] 2 , 057 .124
0 max[ part cavitiy H H ? =(12f f f t t t _____? ? ? ? ? ? ? ? ? ? + = (14)125

In addition, the estimation of the cavity volume machining time can be identified by the volumetric mold126
material removal rate, Eq. ( ??5 R h H d h V R V t 1 7 . 0 _____? ? ? ? = = (15)127

Where: F d A R A t 1 5 . 0 ____? ? = = (16)128
With respect to mold base cost and customization costs, we defined that these cost are respectively 15% and129

150% of cavities cost.130
As the tooling cost is considered a capital investment, the contribution of tooling for the part cost is amortised131

by the volume of parts which is fabricated. Therefore, the total tooling cost might be defined as a function132
of molding tool cost ( For the determination of total batch time, we defined that the main components that133
contribute for the batch are the direct molding cycle time ( For hot runner mold systems, SRF is equal to 1,134
while for cool runner systems SRF is characterised by: ( )1 5 . 1 5 . 0 + = part Wt SRF (23)135

It is also possible to identify the melt capacity of machine through:) ( 30 ) ( ) ( s t g Shot g Melt Cycle136
capacity capacity ? = (24)137

Through this parameter, it is possible to identify the clamp force of machine in a preliminary way according138
to the Figure 2. On the other hand, it is also possible to estimate the machine clamp force through the wall139
thickness method. In this method, the clamp force( clamp F140

) is found by the projected area of runner and cavities ( projected A ) and a wall thickness factor, which can be141
seen in the Eq. (25). As consequence, the general estimation of machine cost might be estimated by the update142
regression of (BOOTHROYD e DEWHURST, 1988):thickness wall projected clamp f A t F _) ( ? = (25)) ( 430143
16000 t F C clamp equipment ? + = (26)144

7 b) Additive Manufacturing Services145

For the study of additive manufacturing services as productivity way, we have also considered that the tooling146
cost, machine cost and production overhead were null, while the direct cost remained the responsible component147
of part cost. It is important to note that there are other costs inherent to this kind of scenario, as such logistics,148
stock and quality. Nevertheless, these costs were ignored in this study in order to create a comparison criterion149
among the studied scenarios (RUFFO et al., 2006).150

In order to identify the cost estimation of additive manufacturing services, it was requested quotation of 3151
dimension parts, 3 technologies, and 4 part quantities in order to be obtained a statistical regression and the152
cost estimation formulation. The investigation matrix used to analysed the service cost estimation can be seen153
in Table ??, where it is related the part quantity per order, main dimensions of analysed parts and fabrication154
technology.155
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11 RESULTS AND DISCUSSIONS A) INJECTION MOLDING

8 Table 2: Investigation matrix of additive manufacturing156

services157

In addition to being identified the regression equation for each technology and the part cost estimation model, it158
was also determined the minimal stock volume which would be needed to attend annual part demand. Therefore,159
the feasibility of this productivity concept might be evaluated.160

It was also found that the lead time was a based on service time that the bureaux provide ( batch t )161

9 c) Additive Manufacturing Production162

For the generalised cost estimation of additive manufacturing parts, it was analysed the direct cost and production163
overhead as a function of part size, building area, parts demand and batch volume. Therefore, the part cost ( part164
C ) might be characterised two conditions: single part batch and optimised batch. In spite of both conditions165
being defined by Eq. ( ??8 ), as shown in Eq. ( ??9). In addition, we have also considered that the waste material166
is 10% of part material because of the support material, errors, purges routine, among others.waste material part167
material part part direct C k V C + ? ? = __? (29)168

In this case, it is important to note that the part volume consider a solid strategy, being ignored either weave169
infill, pattern infill, low density or air gap strategies (GIBSON et al., 2002;GIBSON et al., 2010).170

With reference to production overhead costs (Eq. ( ??0)), we defined manufacturing batch time ( batch It is171
important to be highlighted that although additive manufacturing processes do not result in amortised tooling172
cost, the operational cost is amortised by the number of parts which is produced in each batch. As consequence,173
the maximum amortisation is restricted by the building area of machine. ? ? ? ? ? ? ? ? + ? ? ? ? ? ? ? ? ?174
+ = s W W round s L L round N part area building down part area building down batch __max_(31)175

It is also important to note that this equation ignores the possibility of building several parts along z axis,176
resulting in a bidirectional part building matrix.177

For the determination of total batch time, we defined that the main components that contribute for the )178
and the tool diameter ( d ), as shown in Eq. (33). In this case, the tool diameter might represent either nozzle179
diameter, bead width or laser beam diameter, while the part infill strategy was considered solid.180

Additionally, we can also define the average lead time ( part t ) per part as: ). In this case, the total amount181
of parts is defined by the annual demand of parts ( annual N ) multiplied by the payback period, as it is possible182
to be seen in Eq. ( ??6).payback annual equipment machine T N C C ? = (36)183

With respect to the equipment cost, we identified the approximated cost of the main professional additive184
manufacturing machines which presented building area superior to 300x300x300mm. In this case, we considered185
the FDM, SLA and SLS as the main technologies to be analysed in this scenario.186

10 d) Low Cost Additive Manufacturing in Network187

On the other hand, the last scenario which we analysed in this work concerns the use of low cost additive188
manufacturing technologies as an effective way of production. In contrast with the previous scenario, this proposal189
is marked by the use of low cost machines, which are also known as 3d printer.190

In general way, the main difference between the cost estimation model of this proposal and the additive191
manufacturing scenario is related to the possibility of simultaneous batches in addition to machine cost reduction.192
As consequence, it was possible to find that the production overhead and machine costs were the most affected193
component in the model.194

Adjusting the previous model to the number of machines ( machines N195
), it can be seen that the machine cost is:payback annual machines machine individual machine T N N C C ?196

? = _(37)197
For this scenario, we identified the approximated cost of the main low cost additive manufacturing machines198

which presented building area up to 150x150x150mm. In this case, we considered only the FDM, SLA technologies.199
And the labour cost rate might be amortised by the number of machines which one worker can manage In200

addition, it was also possible to find the variation of batch lead time and the average part lead time for more201
than one batch as a function of the number of machines which is used in network ( machines N ), as presented202
in Eq. (39) and Eq.: (40). On the other hand, the lead time for the first batch is equal to the batch time.203

11 Results and Discussions a) Injection Molding204

With respect to the results of this study, it was possible to characterise the cost of part as a function of annual205
part demand in addition to production strategy. In order to be possible to compare all the 4 studied scenarios,206
we established 3 main sizes of parts to be analysed: 8x8x15mm; 30x30x15mm and 60x60x15mm.207

For the cost estimation of molded parts, we considered that the number of cavities should be equal to 4, which208
is an indicated value for low scale production. The main parameters which were used in this analysis can be seen209
in Table ??, where the total cost of material, machine and tooling is also presented for each one of the 3 part210
sizes.211
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12 Table 3: Parameters for cost estimation of injection molding212

parts213

It is also important to note that the number of parts per batch directly interfere in the production overhead cost,214
as it is possible to see in Figure 3. In this figure, we can indicate the saturation of cost for batch sizes which215
are superior to 100 parts. For that reason, we selected the batch size equal to 100 parts to perform the cost216
analysis. As result of this cost analysis, it was possible to identify the variation of injection molding part cost as217
a function of annual part demand, as shown in Figure ??. In this figure, we can also see the cost of the 3 part218
sizes in addition to the needed capital investment for each one. In this case, besides the investment has varied219
from $16,000.00 to $65,000.00, the amortisation cost happens in exponential proportion. Therefore, if the $16.00220
was considered a suitable part cost, the annual demand that justified the injection molding production would be221
1000, 3000, 5000 parts for each one of part sizes.222

13 Figure 4: Injection molding part cost versus annual part223

demand224

As the injection cycle defines the main lead time of parts, we can see the variation of demand and lead time for225
the parts, as shown in Figure 6. In this figure, it is possible to see that all the 3 analysed parts resulted in the226
lead time lower than the demand time. As consequence, it indicates that the machine tend to present idleness227
for annual part demand inferior to 200000 parts/year. In addition, if only one idle injection molding machine228
were considered, the minimal inventory for 200000parts/year demand and no safety stock would be 26.229

14 b) Additive Manufacturing Services230

In the second analysed scenario, we investigated the feasibility of additive manufacturing services as production231
way. In this study, we identified the tendency of cost which is related to parts as a function of number of parts232
per order or batch, as it is possible to be seen in Figure 6.233

In this figure, the diagrams of part cost as a function of number of parts per order or batch were presented in234
addition to a general diagram which compile the maximum, minimum and mean values of all the three analysed235
technologies.236

It is possible to see that the cost tends to be saturated in 50 parts batch sizes, while the size of parts237
proportionally increases the part cost. For the FDM technology, values varied between $75.00 and $25.00 for 50238
parts batch size, while the value remained near to $200.00 for a single part batch size.239

On the other hand, SLA part cost varied from $125.00 to $275.00 for one part batch size and from $17.00240
to $50.00 for 50 parts batch size. It is also possible to establish as a general rule that SLA parts with main241
dimensions from 8 to 60 and 15mm of height mm tend to cost $30.00.242

For the SLS technology it was observed similar cost behaviour, where the cost varied according to the part243
size from $75.00 to $200.00 for a single part batch size. While for 50 parts batch size, the variation of cost was244
found between $11.00 and $75.00. Another important point that was also seen in this study is related to stock245
analysis. It was observed that the delivery time for additive manufacturing services is around 7 working days.246
Therefore, the delivery time per part is approximately 68 hours. In addition, Figure 7 presents the correlation of247
demand and delivery part time as a function of annual part demand.248

In this figure, it is possible to see that use of additive manufacturing services is feasible to be applied for249
annual part demand inferior to 1715 in terms of lead time.250

15 c) Additive Manufacturing Production251

For the Additive manufacturing production scenario, we estimate the part cost for 3 part sizes and 3 technologies,252
as it is possible to be seen in Table 4. It is important to note that the machine cost is a quotation average and253
reflect the magnitude cost of each technology.254

In this table it is also exposed the maximum number of parts that might be produced by batch according to a255
building area equal to 300x300x300mm. Another point that is also important to note is related to the batch size,256
as presented in Figure 8. It is possible to see the tendency of cost saturation for batch sizes superior to 5 parts.257
In this figure, the variation of overhead cost as a function of part size is also presented, where the variation of258
cost is found between $4.00 and $45.00. It is also presented that for this same annual part demand, the part cost259
of 8x8x15mm parts tend to $4.00 and 60x60x15mm parts tend to $48.00. With respect to the timing analysis, we260
have also estimated the maximum manufacturing time per batch according to the part size. In contrast, Figure261
10 presents the comparison between the lead time and demand time as a function of annual part demand. In262
this figure, it might be indicated the manufacturing feasibility with accordance with annual part demand. In263
this way, the maximum annual part demand that can be provided by additive manufacturing production in the264
studied conditions might be 1255 parts with 60x60x15mm, 2668 parts with 30x30x15mm and 15000 parts with265
8x8x15mm. With respect to stock analysis, the minimal stock with no safety stock should be equal to 16 parts266
for 60x60x15mm part sizes, 81 parts for 30x30x15mm part size and 900 parts for 8x8x15mm part size, as it is267
possible to be seen in Figure 11. In this analysis, the maximum annual part demand for each part size was268
considered according to the presented before. Now for the last scenario, we analysed the feasibility of production269
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17 CONCLUSIONS

which used low cost additive manufacturing machine in a network arrangement. In this case, the main parameters270
which were used can be seen in Table ??, where the machine cost and the building area dimensions are the main271
difference from the previous scenario. It is important to note that in this table, the production overhead cost272
considers only one machine in the estimation. Otherwise, the production overhead cost tends to decrease in273
accordance with the number of machines in the network arrangement.274

It is also possible to see that in comparison with professional additive manufacturing equipment, low cost275
equipment implied on an extremely high production overhead cost for large parts. It probably occurs because276
of the low raster speed and the long manufacturing time. Otherwise, the increase of machines into the network277
arrangement is not indicated for very small demand. At this way, fabrication of very small parts (8x8x15m) with278
a single machine tends to be more interesting for annual demand which is found below 1000 parts, while the279
small parts (60x60x15mm) seems to be more suitable to be fabricated in a network when an annual demand is280
higher than 200 parts/year. In Figure 13, it is presented the correlation between demand time as a function of281
annual part demand and the lead time which is provided by 1, 4, 8 and 16 machines in the network arrangement282
in addition to exposing the effect of part size for the lead and demand time. With these diagrams, it is possible283
to identify the production way feasibility range, where the intersection between demand and lead time marks284
the maximum annual demand that the production network can support. On the other hand, the analysis of part285
lead time has shown to be strongly influenced by the number of machines in the arrangement. In this case, the286
maximum annual demand of 60x60x15mm part size that might be attended by the production way varied from287
450 to 6000 parts/year if the number of machines in the arrangement would be increased from 1 to 16 machines.288
In addition, for 8x8x15mm and 30x30x15mm part size, this number would respectively be raise to 80000 and289
15000parts/year.290

With respect to the minimal stock considering no safety stock, this scenario implied on an inventory size equal291
to 4 parts for 60x60x15mm part size, 16 for 30x30x15mm part size and 255 for 8x8x15mm part size.292

16 e) Production Strategy Comparison293

Comparing the results of the analysed scenarios, it was possible to identify the main differences among the294
scenarios in term of cost. In this analysis, it was also possible to see which production way is more suitable for295
each annual part demand.296

In order to compare the four scenarios, we identified the part cost of each process as a function of annual demand297
and part size, as represented in Figure 14. In this figure, it is possible to see that the most indicated production298
way for 30x30x15mm parts size and annual demand inferior to 1000 parts/year might be additive manufacturing299
services. On the other hand, for annual demand between 1000 and 3000 parts/year, the recommended production300
way should be additive manufacturing in an 8 machine network arrangement. In this case, it was also evidenced301
that injection molding was the most indicated for annual demand superior to 3000 parts/year. For 8x8x15mm302
part size, it was indicated that additive manufacturing services is the most indicated production way until 2000303
parts/year, in addition to the network arrangement was seen to be equivalent to injection molding part cost.304

In contrast with this, it was found that additive manufacturing services was the most indicated for 60x60x15mm305
part size with annual demand inferior to 500parts/year. While the low cost additive manufacturing in 8 machine306
network arrangement was evidenced to be the most suitable for annual demand between 500 and 3000parts/year.307
For superior values of annual demand, the most indicated process was proved to be injection molding production.308
In addition, the part demand time as a function of annual demand was also compared in Figure 15, where all the309
production scenarios were shown to be feasible in term of lead time for 8x8x15mm part size and annual demand310
inferior to 5000part/year. Otherwise, the lead time of 30x30x15mm part size of additive manufacturing services311
was indicated to attend to 1500parts/year, while additive manufacturing production was to 2500parts/year. For312
this part size, both injection molding and low cost additive manufacturing in 8 machines network arrangement313
were found to support to annual demand superior to 5000parts/year. the end, as the lead time of 60x60x15mm314
part size tend to be longer than smaller parts, the additive manufacturing production was found to attend to315
1250parts/year, while additive manufacturing services was to 1500parts/year. Additionally, low cost additive316
manufacturing with 8 machines in a network arrangement was identified to support to 3000 parts/year. For317
this part size, the only process that was found to attend to the demand time for annual demand superior to318
3000parts/year was the injection molding.319

With respect to the minimal inventory, we can see in Figure 16 that injection molding result in the smallest320
inventory for small parts, while the additive manufacturing with 8 machines in a network arrangement does for321
medium size parts. Moreover, although injection molds and additive manufacturing services were found to imply322
in a constant inventory size for different part sizes the average of inventory size was marked to remain below 50323
parts. In other words, no significant benefits in using additive manufacturing were seen for low scale production324
in comparison with conventional processes.325

17 Conclusions326

In this work, it was possible to see the main differences among injection molding, additive manufacturing services,327
additive manufacturing with large professional machines and additive manufacturing with low cost machines in328
a network arrangement.329
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In addition, estimated cost numerical models of each one of the analysed processes were developed and identified330
the main components that contribute for the part cost.331

It was possible to evidence the feasibility range of each one of the analysed processes as a function of annual332
demand besides being indicated the most suitable processes in accordance with the demand range.333

For very small demand, the most indicated production way which was found is additive manufacturing services334
even though it results in a high part cost. In contrast, low cost AM machines in a network arrangement were335
shown to be the most recommended for annual demand between 500 and 3000parts/year. It might indicate that336
this range of demand which was poorly covered may be attended by this proposed production way so that new337
business can also be created as consequence of this.338

With respect to the lead time analyses, it was evidenced that injection molding attend all the analysed339
part sizes for annual demand superior to 5000parts/year, while the additive manufacturing services was up to340
1500parts/year. On the other hand, additive manufacturing with 8 machines in a network arrangement was found341
to attend to annual demand superior to 5000parts/year for 8x8x15mm and 30x30x15mm part size and annual342
demand is limited to 3000parts/year for 60x60x15mm part size. 1 2

Figure 1:
343

1© 2020 Global Journals
2Feasibility Study of Digital Manufacturing Systems Applied for Medium Scale Production © 2020 Global

Journals
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Wall thickness (in) Wall thickness factor (t/in²)
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