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Abstract 
 The current abstract presents the design of an autoclave to be installed in DEM’s Composite 

Materials Laboratory, at IST. This autoclave will enable the cure of thermoset materials and to 

help the research and development of new materials or cure methods. 

 The main goals of this project are:  

  1) to design the autoclave based on codes and project rules;  

  2) to analyze the manufacturing costs. 

  As a starting point for this project is the need of IST for acquiring an autoclave. The 

autoclave consists of a pressure vessel, a quick closing door, supporting legs, pressurization 

system, heating system, cooling system and safety systems. 

 The pressure vessel’s analysis was conducted according to EN13445, the dished ends and 

the vessel were also analyzed according to FEM, all the welds and critical structure components 

were analytically analyzed. The pneumatic and electronic systems were dimensioned, and their 

components were justifiably selected. 

 As a conclusion it is presented an autoclave that satisfies all the requirements specified for 

the project.  
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1. Introduction  

 The first goal for this thesis is the Design 

and dimensioning of an autoclave for DEM’s 

Composite Materials Laboratory. This 

autoclave will be used to produce parts, 

prototypes and any other component that 

needs a controlled temperature and 

pressure environment to stabilize or 

enhance its chemical and/or mechanical 

properties. 

 The second main goals for this task are 

to design and dimension the autoclave and 

select the purchasable parts, always trying 

to reduce the final cost of the autoclave. 

 An autoclave is a pressure vessel used 

for processes which require pressures and 

temperatures different from the 

atmospherics. The autoclave was invented 

by Charles Chamberland at 1879 [1], but 

only for sterilization purposes. However, in 

the past decades, autoclaves have been 

used for the processing of thermoset 

composite materials. 

 In order to guarantee the quality of the 

produced parts, it is required to ensure 
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specific pressure-time and temperature-time 

curves. Figure 1 illustrates an autoclave 

curing cycle for an epoxy resin based 

prepreg.  

 

Figure 1 - Temperature/pressure vs time for an 

epoxy resin based prepreg[2] 

 As a third goal this autoclave will need an 

opening for loading the parts, a closing 

system for that opening, a pressurization 

and depressurization system, a heating and 

cooling system, a safety system and a 

control system. 

2. Project specifications 

 For this autoclave the requisites under 

consideration are: 

• The autoclave must support a 

maximum temperature of at least 

180ºC 

• The autoclave should be designed 

according to existing standards and 

codes 

• The temperature distribution inside 

the autoclave should be uniform 

• The autoclave should allow a 

controlled heating and cooling 

• The door shall have a safe and quick 

closing mechanism 

• There should be used, whenever 

possible, the use of normalized 

parts and components 

• There shall exist safety systems in 

order to prevent accidents that 

jeopardize both the operator and the 

environment. 

For this autoclave the constraints under 

consideration are: 

• The autoclave’s dimensions 

shall allow its transportation to 

the laboratory. A maximum 

height of 2m and 2500Kg as 

maximum weight 

• The cost of the autoclave shall 

not exceed 30 000€. 

3. Methodology  

The project was sectioned into 7 parts: 

1. Concept Generation 

2. Project and 3D modeling 

3. Structural analysis 

4. Fabrication and assembly 

5. Electronic circuit project 

6. Pneumatic circuit project 

7. Cost estimation 

 

4. Proposed Solution 

After considering all the project 

specifications a 3d model of the proposed 

solution was achieved and is shown in  

Figure 2. The different zones of the 

autoclave are identified. 

 

Figure 2 - Autoclave, proposed solution (partial 

cut) 
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5. Standards, codes and dimensioning 

 An autoclave is a vessel with interior 

pressure and temperature applied. It was 

projected in order to fulfill the requirements 

present in [3]. 

5.1. Power consumption  

 A thermal analysis was led in order to 

determine the power needed to heat the 

autoclave and therefore dimension the 

heating system. The methods available in 

[4], were followed to perform the analysis. 

 The steady state analysis is achieved by 

calculating the heat flow, q, in a single 

dimension (longitudinal, x, for plane walls, 

and radial, r, for cylinders), is calculated 

according to equation (1). Where R stands 

for the heat transfer thermal resistance, and 

𝛥𝑇 the temperature difference between the 

inside and outside surfaces. The thermal 

resistance calculation for each case is 

presented in equations (2), (3) and (4).  

 The assumptions made in order to 

perform these calculations, included: 

1) Inside temperature 180ºC 

2) Outside temperature 20ºC 

3) The autoclave is a cylinder and both 

the domed end and the door are 

plane walls 

 The energy consumption for heating the 

autoclave’s interior, the autoclave body and 

the parts to be processed is achieved 

through the use of equation (6) found [5]. 

 The power needed to perform the heating 

in the specified time is finally obtained 

through equation (5).  

5.2. O-Ring 

 It was carried an analysis to the door’s 

seal as it is a critical element for keeping 

pressure inside the autoclave. According to 

[6], the compression force developed in the 

O-ring is directly related to the sealing ability 

of the ring and can be obtained through 

equation (7). The maximum allowable 

sealing pressure can be calculated by 

solving equation (8)  

 

 Equation (7) will also enable the 

calculation of the friction force applied in the 

O-Ring through equation (9), this force is of 

the utmost importance as it has to be 

overcome by the closing mechanism. 

 The analysis of the forces applied in the 

O-Ring as well as the generated stresses 

and its mechanical strength were conducted 

according to [7]. 

5.3. Components 

 In order to load parts to the interior of the 

autoclave, a door with a lock and a hinge are 

needed. Their dimensions were justified 

according to the analysis methods provided 

by [8]. 

 According to the methodology used, 

firstly the free body diagram of the beam is 

required. After it the static equations (10) 

𝑞𝑥 = 𝑞𝑟 =
𝛥𝑇

𝑅
 (1) 

𝑅𝑐𝑖𝑙𝑖𝑛𝑑𝑟𝑜 =
ln(𝑟𝑒 𝑟𝑖⁄ )

𝑘 × 2𝜋𝐿
 (2) 

𝑅𝑝𝑙𝑎𝑛𝑜 =
𝑡

𝑘 × 𝐴
 (3) 

𝑅𝑐𝑜𝑛𝑣𝑒𝑐çã𝑜 =
1

ℎ𝑐 × 𝐴
 (4) 

𝑃 =
𝐸

𝛥𝑡
 (5) 

𝑄 = 𝑚. 𝐶𝑣 . 𝛥𝑇 (6) 

  
F= 𝜋. 𝑑. 𝐷𝑚 . 𝐸 [1,25 (

𝑥

𝑑
)
1,5

+ 50 (
𝑥

𝑑
)
6

] (7) 

𝑓′ =
4𝐹

𝜋2𝑏𝐷𝑚
 (8) 

𝐹𝑎 = µ × 𝑁 (9) 
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and (11) can be solved and the reaction 

forces and moments can be found.  

∑𝐹 = 0 (10) 

∑𝑀 = 0 (11) 

 An axial load, F, applied in a beam of 

cross section, A, will lead to the stress, 𝜎𝑁 , 

presented in equation (12). 

 In a beam subjected to bending the 

bending moments will create, as depicted in 

Figure 3, a compression area and a tension 

area. The maximum stress due to bending, 

𝜎𝑀,  will occur at the furthest point of the 

neutral axis, c, and were the bending 

moment, M, has its maximum as well. The 

equation (13) allows this calculation. 

 

Figure 3 - Beam in bending and created stresses 

[8] 

 The forces applied in the beam will create 

a shear reaction, V, that will generate shear 

stresses, 𝜏, in the beam section, A. Figure 4 

presents the equations that allow to 

calculate the maximum shearing stress 

according to the beam shape. 

 

Figure 4 - Maximum shearing stress vs beam 

shape [8] 

 The equivalent Von Mises stress can be 

calculated according to equation (14). This 

stress cannot exceed the yield strength of 

the analyzed material. 

𝜎𝑉𝑀 = √(𝜎𝑀 + 𝜎𝑁)
2 + 3𝜏2 (14) 

5.4. Vessel dimensions 

 For the dimensioning of the vessel the 

standard EN 13445-3 for unfired pressure 

vessels was followed [9].  

 The first step is to calculate the wall 

thickness for the cylindrical part according to 

equation (15).  

𝑒 = 
𝑃 ∙ 𝐷ᵢ

2𝑓 ∙ 𝑧 − 𝑃
 (15) 

 By employing equations (16) and (17), it 

is obtained the domed end wall thickness 

which will assume the biggest value of the 

two. Figure 5 displays the dimensions 

needed for the calculation. 

𝑒𝑠 =
𝑃. 𝑅

2. 𝑓. 𝑧 − 0,5. 𝑃
 (16) 

𝑒𝑦 =
𝛽. 𝑃(0,75𝑅 + 0,2𝐷𝑖)

𝑓
 (17) 

 

Figure 5 - Domed end dimensions [9] 

𝜎𝑁 =
𝐹

𝐴
 (12) 

𝜎𝑀 =
𝑀. 𝑐

𝐼
 (13) 
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 Openings are fundamental parts of an 

autoclave as they allow communication with 

the exterior. This access will be required for 

thermocouples, pressure transducers, 

resistors wiring, fan blade shaft and valves.  

 An opening in a pressure vessel shall be 

reinforced in the adjacent area in order to 

withstand the stress reduction the area will 

bear. The reinforcement shall be obtained by 

one of the following methods: 

• Increase Shell thickness; 

• Using a reinforcing plate; 

• Using a nozzle ; 

• Using a combination of the previous 

methods. 

 According to [9] the reinforcements can 

be neglected if condition (18) is met. 

𝑑 ≤ 0,15√(2𝑟𝑖𝑠 + 𝑒). 𝑒 (18) 

 In order to validate the nozzle 

dimensions, the allowable pressure, 𝑃𝑎𝑑𝑚, in 

equation (19) shall not be lower than the 

calculation pressure defined, which 

represents 150% of the allowable pressure. 

Figure 6 illustrates equation (19). 

 

Figure 6 - Nozzle dimensons [9] 

5.5. Fatigue 

 The fatigue analysis is, as well, 

performed according to EN 13445-3 [9] and 

enables to achieve the maximum allowable 

number of cycles.  The constant in equations 

of fatigue design curves of welded joints, C1, 

is firstly defined according to the welding 

class. It is also required the calculation of the 

pseudo-elastic stress range, 𝛥𝜎, through 

equation (20). This stress depends on the 

maximum pressure allowable, 𝑃𝑚á𝑥, the 

pressure fluctuation range, 𝛥𝑃, stress factor, 

𝜂, and calculation yield stress at design 

temperature, 𝑓.  

𝛥𝜎 =
𝛥𝑃

𝑃𝑚á𝑥

. 𝜂. 𝑓 
  

(20) 

 The value obtained in equation (20) is 

then adjusted by the correction factor to 

account for influence of wall thickness, 𝐶𝑒, 

and temperature, 𝐶𝑇, on fatigue resistance. 

𝛥𝜎∗ =
𝛥𝜎

𝐶𝑒. 𝐶𝑇
 (21) 

 The allowable number of pressure 

cycles, N, is obtained by solving equation 

(22): 

𝑁 =
𝐶1

(𝛥𝜎∗)3
 (22) 

 

5.6. Structural components weldings 

 Some elements of the autoclave found in 

the locking and hinge mechanisms are 

connected through welding. The analysis is 

once again taken from the book Mechanical 

Engineering Design [8]. In the autoclave 

there were only used fillet and butt welds 

under tension and under bending. 

 Figure 7 - Tensile and shear loading butt 

welds [8] Figure 7 pictures a V-groove butt 

weld under tension load (on the left) and 

under a shear load (on the right). 

 

𝑃𝑎𝑑𝑚 =

=
(𝐴𝑓𝑠 + 𝐴𝑓𝑤 + 𝐴𝑓𝑏 + 𝐴𝑓𝑝) × 𝑓𝑠

(𝐴𝑝𝑠 + 𝐴𝑝𝑏 + 0,5𝐴𝑝𝜑)

+
(𝐴𝑓𝑠 + 𝐴𝑓𝑤 + 𝐴𝑓𝑏 + 𝐴𝑓𝑝) × 𝑓𝑠

0,5(𝐴𝑓𝑠 + 𝐴𝑓𝑤 + 𝐴𝑓𝑏 + 𝐴𝑓𝑝)
 

(19) 
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Figure 7 - Tensile and shear loading butt welds 

[8] 

 The value h does not include 

reinforcement which can be desirable for 

certain applications, but produces stress 

concentration at point A. If fatigue loads 

exist, it is good practice to grind or machine 

off the reinforcement. 

 Figure 8 illustrates a transverse fillet weld 

under tension load (above) and under shear 

load (below). 

 

 

Figure 8 - Transverse fillet weld examples [8] 
a) under tension load b) under shear load 

 For model b), the basis for weld analysis 

or design employs equation (23) 

𝜏 =
𝐹

0,707ℎ𝑙
=
1,414𝐹

ℎ𝑙
 (23) 

 Figure 9 exemplifies a cantilever welded 

to a support, in which the weld is under 

bending due to the applied force, F, in the 

opposite edge of the cantilever. 

 

 

Figure 9 – Weld example in beam in bending [8] 

 A free-body diagram of the beam would 

show that force, F, will create a shear-force 

reaction, V, and a moment reaction, M. 

These reactions will have their maximum 

values in the welding bead. 

 The shear force produces a primary 

shear, 𝜏′,  in the welds according to equation 

(24) 

 The moment M induces a horizontal 

shear stress component in the welds, 𝜏′′, 

according to equation (25). Where A is the 

total throat area, I the second moment of 

area based on weld throat area and c is the 

distance between the center of the weld and 

the point to study. 

𝜏′ =
𝑉

𝐴
 (24) 

𝜏′′ =
𝑀𝑐

𝐼
 (25) 

a) 

b) 
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6. Solution Found 

The solution found is shown in Figure 10 with 

different zones of the autoclave identified.  

 

Figure 10 - Autoclave, found solution 

The autoclave meets all the project 

requirements and constrains and has as 

main characteristics: 

• Weight: 750Kg 

• Maximum width: 1,3m 

• Maximum length: 2,5m 

• Maximum height 1,8m 

• Interior volume: 1,1m3 

• Useful volume: 0,6 m3 

• Heating Power Consuption: 5KW 

 

6.1. Mechanical operation 

 Figure 11 shows the autoclave with the 

door opened and ready to be loaded with the 

components to be processed. The limiters 

confine the door to the rotation degrees 

needed to open and to close it. They also 

assure that the closing arm stays near the 

cylinder’s knuckle.  

 

 

 

 

 

 

 

 

 

 

Figure 11 - Opened door 

 Closing the door is as simple as fitting the 

closing arm’s shaft into the cylinder’s 

knuckle joint as pictured and lock it with the 

lock pin as shown in Figure 12. 

 

 

Figure 12 - Closing the door 

After the fittings done according to Figure 12, 

the cylinder can go forward in order to rotate 

the door and close it. The door will rotate 

freely due to the bearing in its rotating axis 

as shown in Figure 13. 
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Figure 13 - Closing movement 

 The closing movement will be smooth 

due to the flow control valves at the entrance 

and exit of the cylinder. The door teeth also 

have a radius to make the closing smooth 

even if the door is not pushed against the 

seal as shown in Figure 14. 

 

Figure 14 - Locking teeth movement 

After the closing cylinder reaches the end 

of travel position, the locking cylinder can go 

forward and prevent the door from opening. 

The bumper will assure that the locking teeth 

are in position and will make sure that the 

locking shaft and hole will be concentric. 

This explanation is shown in Figure 15. 

 

Figure 15 - Safety lock 

 

 

6.2. Pneumatic circuit 

The pneumatic circuit is illustrated in Figure 

16 and is responsible for: 

• Closing the autoclave’s door (9) 

• Close the safety lock (11) 

• Pressurize the autoclave (1) and (2) 

• Depressurize the autoclave (4) 

 

Figure 16 - Pneumatic circuit scheme 

6.3. Electronic circuit 

 The electronic circuit was drafted having 

in consideration all the autoclave’s needs. 

This circuit is responsible for: 

• Allow the opening, closing and 

locking of the autoclave Figure 17 

• Allow the pressurization and 

depressurization Figure 18 

• Allow the heating and cooling Figure 

19 

• Allow pressure readings Figure 20 

• Allow temperature readings Figure 

21  

• Guarantee the safety measures 

Figure 22 

• Allow an interface to operate the 

autoclave 
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To design the circuit all the electronic 

components were primarily selected from 

major distributors as RS and Misumi, other 

components not available due to the high 

temperature and pressure specifications had 

to be selected directly from the 

manufacturer. 

 

 

Figure 17 - Cylinder actuation 

 

Figure 18 - Pressurization and depressurization 

 

Figure 19 - Heating and cooling 

 

Figure 20 - Pressure transducers reading 

 

 

 

Figure 21 - Thermocouples readings 

 

Figure 22 - Cylinder's switches readings 

6.4. Cost’s estimation 

 In order to provide a realistic cost 

estimation for the autoclave body (including 

nozzles, door, hinge and supporting legs). 

The best quotation came from Scholz so the 

amount asked was taken to estimate the 

total cost of the autoclave. 

Tabela 1 - Cost estimation 

Designation Price 

Autoclave’s body 20 000€ 

Pneumatic Circuit 1 774€ 

Electronic Circuit 1 690€ 

Seals and gaskets 590€ 

Bearings 110€ 

Insulation 21€ 

Fan Blade 140€ 

Miscellaneous material 
(bolts and screws, 
piping, couplings and 
fittings, cables) 

900€ 

Total 25 210€ 
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7. Conclusions 

 This thesis presents the design and 

dimensioning of an autoclave capable of 

fulfill all the project requirements and 

constraints. The critical components were 

analyzed ensuring their good performance. 

To the total estimated cost should be added 

the cost of transportation, installation and 

labor. Even with these extras, the cost will 

not exceed the 30 000€ imposed in the 

project specifications. 

 Maintenance is an important 

consideration to ponder. All bearings should 

be lubricated regularly, paying special 

attention to the fan blade rollers. The fan 

shaft shall also be lubricated in the seal area 

in order to extend the life of the seal. The O-

Ring and the locking teeth shall also be 

lubricated regularly at least once a month.  

 As future developments the creation of a 

loading tray for the parts to be processed in 

the autoclave remains. The autoclave is 

prepared to use 20 vacuum bags 

simultaneously, these were not taken in 

consideration in the cost’s estimation and 

remain as well as a development. In the case 

there is a need to enhance the air circulation 

it is possible to create a duct in the interior to 

conduct the air from on edge of the reservoir 

to the other in order to improve heat 

distribution efficiency. 

 This autoclave was projected to be used 

along with a 10bar compressor, yet, if 

another type of compressed air source is 

used in the future it must generate a 

minimum of 7bar to assure the closing of the 

door. 

 As a conclusion, all the goals stipulated 

in the beginning of this dissertation were 

accomplished. In the end an autoclave 

capable of bearing a maximum pressure of 

8bar and a maximum temperature of 180ºC 

was obtained. 
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