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ABSTRACT 

 

This study aims to apply the Process-Based Cost Model (PBCM) and Gas Induced Semi-Solid Process (GISS) to analyze the 

cost per unit of the aluminium below-knee prosthesis production. The production costs and the changes of the production factors 
were compared to achieve the most cost effectiveness of the production. The study showed that the lowest cost per unit was 

achieved with 3 working shifts and the capacity of 100,000 sets. On the contrary, with 3 working shifts and the capacity of 5,000 

sets led the highest cost per unit. To maintain the business competitiveness, the appropriate operating conditions should be 
designated. 
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INTRODUCTION 
 

 Over decades the semi-solid process has been 

used and become widely used in the die casting 

industry. The process started form thixocasting 

which big machines were used. Later rheocasting 

was developed to down size the machine. The Gas 

Induced Semi-Solid Process (GISS) is among the 

rheocasting processes that produce semi-solid slurry 

by using gas bubbles to provide agitation during 

solidification. [1-4]The slurry characteristics allow 

the die-casting process using small machines. This 

process has several advantages, for example,shorter 

cycle times, less porosity, high strength and 

prolonging the die life.   

 In the study, GISS is employed to produce 5 

parts of the aluminium below-knee prosthesis: socket 

adapter, tube clamp, foot clamp, foot adapter,tube as 

shown inFig. 1  

 It is obvious that the better the process is, the 

higher quality of the products becomes. Yet, pricing 

is another significant factor. To prevent the business 

loss, the production cost analysis is required for the 

production and financial plans in response to the 

production cost control. The actual production 

processes have been closely studied and the Process-

Based Cost Model (PBCM) will be applied to the 

process and discussed below. 

 

2.Objectives: 

 To apply the Process-Based Cost Model 

(PBCM) and Gas Induced Semi-Solid Process 

(GISS) to analyze the cost per unit of the 

aluminium below-knee prosthesis production. 

 

Materials and Methods 

 

3.1 Process based cost modeling (PBCM): 

 This study will trace the production cost analysis 

from the final outputs to the production cost per unit, 

which shall be called the backward approach. The 

data from the production process will be classified 

into 3 sub-models, which are process model, 

operation model and financial model, as shown in 

Fig. 2. 
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Fig. 1: Parts of the aluminium below-knee prosthesis[5]. 

 
 

Fig. 2: Process based cost modeling framework [6]. 

 

3.2 Process based cost modeling of GISS aluminium 

for Below-knee Prosthesis [7-11]: 

- Process Modelis to describe the whole 

production process. The sequences of the process 

model of GISS aluminium consist of Heat Al, Semi-

solid Al, Die casting, Heat treatment. The part 

property analysis is required to reach the process 

characteristics and to apply them to the next sub-

model. The part properties include part 

volume,aluminum usage,nitrogen usage rate, flux 

usage, machine specifications, max. machine 

capacity, as per the details in column 2, 3 of Table 1.  

 
Table 1: Key PBCM correlations of stages in a Semi-solid Die casting process. 

1 2 3 4 5 6 

Stages Part properties Process 
characteristics 

Operating 
conditions 

Resource 
requirements 

Costs 

Heat Al Part volume Number of parts Production volume Required aluminum Aluminum cost 

 Furnace loading 
efficiency 

Aluminum required 
per part 

Worker#1 Required worker#1 Labor cost 

 Furnace volume Flux required per 

part 

Furnace volume Required heat Gas cost 

 Flux usage  Furnace 
temperature 

Required flux 
solution 

Flux cost 

Semi-solid Al Part volume GISS M/C Production volume Required aluminum Labor cost 

 Aluminum usage Aluminum required 

per part 

Worker#1 Required worker#1 Electricity cost 

 Nitrogen usage rate Nitrogen required 
per part 

Voltage Required nitrogen Nitrogen cost 

  Electric current Nitrogen flow rate Required electricity  

  Nitrogen gas 

bubbling time 

Production time   

Die casting Part volume Die Casting M/C Production volume Required aluminum  

Aluminum cost 

 Aluminum usage Aluminum required 

per part 

Worker#1, 2 Required worker#1, 

2 

Labor cost 

 Nitrogen usage rate Nitrogen required 

per part 

Voltage Required nitrogen Electricity cost 

  Electric current Nitrogen flow rate Required electricity Nitrogen cost 

  Die casting time Production time   

Heat treatment Part volume Number of parts Production volume Required heat Water costs 

 Heat Treat Oven 

loading efficiency 

Part surface area Oven temperature Required worker#3, 

4 

Labor cost 

 Heat Treat Oven 
volume 

Heat needed per part Worker#3 Required electricity Electricity cost 

 Bath  loading 

efficiency 

Electric current Voltage Required water  

 Bath volume Heat treatment time Production time   

 

- Operation Model is the model where by the 

outputs of the process characteristics will be 

collaborated with the operating conditions, for 

example, production volume, working hours,  no. of 

shifts, nitrogen flow rateand oven temperature. The 

outcomes from the operation model are called 

resource requirements shown in column 4, 5 of Table 

1. 

- Financial Model is the result of the evaluation 

of theresource requirementsand price factors to 
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obtain the cost per unit. To put, the factor prices 

include the aluminium price, electricity, water 

supply, machine maintenance  

cost, wages, overtime wages and construction and 

equipment value.  The cost per unit is divided into 2 

categories: fixed costs and variable costs.On the one 

hand, the fixed costs include overhead cost, building 

cost and equipment cost. On the other hand, the 

variable cost contains material cost, labor cost, 

energy cost, tooling costas shown incolumn 6of 

Table 1. 

 

4.Result: 

4.1 Case study: Below-knee Prosthesis: 

 The production of below-knee prosthesis is 

selected as a case study for the production analysis 

cost by using PBCM, based on the study titled 

Industrial development of gas induced semi-solid 

process by S. Thanabumrungkul et al. [3]. The 

production processes are categorized into 2 types: 

semi-solid die casting and semi-solid forging. 

Aforementioned, there are 5 parts of below-knee 

prosthesis as shown in Fig. 3. The socket adapter, 

tube clamp, foot clamp and foot adapter are produced 

by the semi-solid die casting process, whereas the 

tube (on the right side of Fig. 4) is produced by the 

forging process. The reasons are that during the 

semi-solid die casting, the possible warped casting 

may happen to the parts that are long, light and 

require high strength. 

 The study has looked into the below-knee 

prosthesis produced by GISSCO Company Limited, 

using aluminium A356, mostly used in industries for 

its averaged price and strength qualified for 

prosthesis. Through GISS, the qualifications of 

aluminium A356 are obviously improved and have 

many advantages: shorter cycle times, less porosity, 

high strength with minimum internal fracture [3]and 

prolonging the die life. In comparison to the 

prosthesis produced by other processes, the gross 

weight of GISS-produced prosthesis is less than any 

others when assembled, per the details described in 

Table 2. 

 
Table 2: The comparison of weight of prosthesis parts produced by GISS and other processes. 

 
No. 

 
Parts 

Weight (gram) 

Prostheses Foundation 
Thailand 

OTTOBOCK 
Germany 

GISSCO 
Thailand 

1 Socket adapter 185.10 65.49 60 

2 Tube clamp 98.11 53.60 40 

3 Tube + Foot clamp 256.77 155.00 188 

4 Foot adapter 94.64 95.00 50 

Gross weight 634.62 369.09 338 

Process

Die casting (Al A356) Forging (Al 7075)

Socket 

adapter

Tube 

clamp

Foot 

clamp

Foot 

Adapter
Tube

 
Fig. 3: Production process and parts of below-knee prosthesis. 

 

4.2 Cost effectiveness: 

 To survive in the business, not only do the high 

quality products, but the prices and the production 

cost are also important and competitive. It is noted 

that the demand of prosthesis has increased. The 

study has considered 3 factors relating to the 

economies of scale: quantity, shifts and production 

cost. In other words, the economies of scale are the 

cost advantages that companies gain due to the 

output or scale of the operation, with the cost per unit 

of output generally reducing with increasing scale as 

fixed costs, spread out over more units of output. To 

simply put, the more production outputs, the lower 

cost per unit. From the study, the economies of scale 

pointed at 1 shift (8 working hours) with the capacity 

of less than 50,000 sets, leading to the lower 

production cost. On the contrary, the highest cost per 

unit took place when the production outputs were at 

5,000 sets with 3 shifts (24 working hours) as per 

Fig. 4. Explicitly, the numbers of shifts do not 

promise the outputs because the 2
nd

 and 3
rd

 shifts 

generate higher labor cost than the single normal 

shift. 

 

5. Discussion: 

 Basically, the most suitable prosthesis should be 

light and strong which is surely expensive and 

imported.  However, Thai people could not afford the 
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imported prosthesis and have to use the heavy one, 

produced in Thailand. Until recently GISS process 

has been developed to produce lighter, stronger, less 

cycle time [3] and lower production-cost prosthesis. 

Certified by ISO 10328, GISS prosthesis is thus 

another new alternative to the disabled. 

 The production cost analysis is essential to make 

the business competitive and survival. PBCM is 

among the available models increasingly used in the 

US. The study has shown that PBCM is used to 

compare the cost per unit of 2 different production 

methods [11] and to analyze how the alterations of 

production factors will affect the unit cost.   

 

6. Conclusions: 

 Remarkably, PBCM can be called the backward 

approach from the end back to the start to find out 

where the production costs are embedded. The 

alterations of the production factors were monitored 

and used as the decision support system for 

manufacturers or investors to obtain the most suitable 

condition for the production. Form the model 

application, the lowest cost per unit was achieved 

with 3 working shifts and the capacity of 100,000 

sets, due to the fixed cost being shared.  
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Fig. 4: Annual production volume. 
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