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Abstract— The braking action generates a torque which 

transmits a braking force into the wheel and brake assembly 

which brings an aircraft to a stop. The aircraft brake housing 

experiences a large number of fluctuating or cyclic loads 

during its service life. Therefore, design assessment and 

fatigue analysis has been considered in the design process. 

The present research focuses on three major sections; static 

structural analysis, high cycle fatigue analysis and tie bolt 

strength analysis for severe brake operating pressure 

conditions. Results are correlated using empirical results. 

Proposed aircraft brake housing design meets the minimum 

performance standards as specified in the TSO - C135. 
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I. INTRODUCTION 

The aircraft brake housing is an external caliper-type design 

which incorporates cylinder, piston, pressure pad, pressure 

plate, lining and other related components. The aircraft 

brake housing is comprised of forged aluminum which 

encases the piston, cylinder and structures a pressure vessel 

for the brake fluid. The fastener bolts tied between torque 

plate and brake housing transfers the high torque load from 

the torque pin which in-turn connects to strut and landing 

gear assembly.     

These tie bolts are utilized for attaching areas of a 

brake housing get together, the length of the strings must be 

adequate to completely draw in the nut, including its locking 

element, and there must be adequate unthreaded bearing 

territory to convey the obliged load. At whatever point a 

most extreme vitality Rejected Take Off has happened the 

trademark heat create can be very intense and the parts are 

to be examined for airworthiness and redesigned according 

to the techniques set up by the TSO prerequisites. 

II. LITERATURE SURVEY 

Jean Jacques Sinou et al., [1] examined about friction caused 

vibration for an aircraft brake system. They observed that 

the aircraft brake system was unstable at high estimated 

values and stable at low estimated values of brake friction 

coefficient.  

S. Vats et al., [2] discussed about preliminary study 

of aircraft braking system with emphasis on fail-safe 

technology, they described that an ECBS offers many 

advantages with positive results. They concluded that, 

Drogue Parachute can be used to reduce the stopping 

distance by large extent. 

R.M. Mohanty, [3] demonstrated on carbon 

composite brake disc. He investigated and portrayed on 

created stages, surface topography, hardness and 

trustworthiness of layers on the examples in different phases 

of the analysis. He observed that C-SiC-B4C system 

performs well in the oxidizing environment. 

Brian G. Harker, [4] designed an aircraft brake 

assembly retention mechanism. He considered all the parts 

of the brake assembly and designed the structure to match 

with axle design requirements. 

Mark P. Dyko et al., [5] presented the brake 

housing and torque tube assembly for an aircraft. They 

discussed about insulator and metallic spacer used at 

interface between brake housing and torque tube. 

From the literature survey it is concluded that, the 

way to raise brake housing potential is expected to enhance 

execution of the system by design assessment and good 

material selection under. Till now carrier brakes have been 

activated by method of hydraulic actuated system. The CAD 

and CAE environment permits a designer to visualize the 

effect which helps to optimize and analyze the behavior of 

the structure, before focusing on extravagant physical 

prototype testing. Therefore, the design assessment and 

structural analysis of aircraft brake housing are considered 

in this work. 

III. OBJECTIVES AND METHODOLOGY 

The methodology adopted to achieve the required goals 

involves finite element analysis for the aircraft brake 

housing. Ansys V 14.0 workbench is used to evaluate all the 

static, fatigue and tie bolt strength margins for aircraft brake 

housing component to meet the TSO - C135 guidelines. 

Finite element analysis has been used to estimate the 

displacement and von-Mises stress developed in aircraft 

brake housing and high cycle fatigue life of aircraft brake 

housing based on S-N method. 

A. Objectives 

1) Aircraft Brake Housing Design for Static Load 

Requirements 

 Maximum brake operating pressure requirement. 

 Proof and burst pressure requirement. 

 Structural torque load requirement. 

2) High Cycle Fatigue Life Estimation 

 Max operating pressure requirement of 5000 

cycles. 

 Design landing pressure requirement of 1E5 cycles. 

 Based on S-N method and Goodman relation. 

3) Tie Bolt Design Assessment 

 Tensile Strength Estimation 

 Shear Strength Estimation 

 Results Validation using Empirical Relations 

B. Methodology 

 Aircraft brake housing has been evaluated for 

maximum operating pressure of 21.374 MPa for 

the design landing requirement. 
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 Aircraft brake housing design has been assessed for 

proof and burst pressure requirement to meet the 

minimum performance guidelines. 

 Perform the high cycle fatigue analysis for most 

severe loading conditions and determined the 

fatigue damage using S-N method. 

 Tie bolt tensile and shear strength margins are 

determined using finite element analysis and 

empirical results are used to correlate the analysis 

results. 

 All results are correlated with TSO - C135 

requirements to satisfy the FAA guidelines. 

IV. MODELING AND FINITE ELEMENT METHOD 

A. CAD Model:  

The 3D CAD model of aircraft brake housing is developed 

using Unigraphics (NX-CAD) software with reference to 

paper [4] and [5]. Bolt design is made separately, later 

assembled with aircraft brake housing for tie bolt strength 

analysis. The Figure 4.1 shows the CAD model for the static 

structural and fatigue analysis with 6 numbers of piston-

cylinder arrangements and Figure 4.2  shows the CAD 

model of tie bolt strength analysis with 8 tie bolts 

arrangements. 

 
Fig. 4.1: Static Structural and Fatigue Analysis CAD Model 

  
Fig. 4.2: Tie Bolt Strength Analysis CAD Model 

B. Material Properties 

Aluminium 2014 T6 is the second most popular of the 2000 

series aluminium alloys, after 2024 aluminium alloys. It is 

commonly extruded and forged. It is easily machined in 

certain tempers, having high hardness, difficult to weld and 

mainly this alloy are used for cycling frames and 

components. Inconel-718 is a high strength, corrosion 

resistance nickel chromium material, ease and economy. 

Inconel 718 can be fabricated, combined with good tensile, 

fatigue, creep and ruptured strength. 

Al 2014-T6 material is used in aircraft brake 

housing component design and Inconel-718 material is used 

in tie-bolt design. The material properties of aluminium and 

Inconel are listed in Table 4.1 and Table 4.2 respectively as 

per the tie bolt design consideration. 

Description Value 

Young’s Modulus (E) 72700 MPa 

Poisson’s Ratio ( ) 0.33 

Density ( ) 2800  kg/m
3 

Yield Strength  (  ) 380 MPa 

Ultimate Strength (    435 MPa 

Mass of Aircraft Brake Housing Component 18.743 kg 

Volume of Aircraft Brake Housing 

Component 

6.69E6 

mm
3
 

Table 4.1: Al 2014-T6 Material Properties and Mass Details 

of Aircraft Brake Housing. 

Description Value 

Young’s Modulus (E) 190E3 MPa 

Poisson’s Ratio ( ) 0.29 

Density ( ) 8280 kg/m
3 

Yield Strength for Tie Bolt (  ) 552 MPa 

Ultimate Strength (    1411MPa 

Shear Strength 353.3 MPa 

Table 4.2: Inconel-718 Material Properties 

C. FEM Details of Aircraft Brake Housing 

Meshing of the CAD model is made using Ansys V 14.0 

analysis software. 2
nd 

order tetrahedral high quality element 

has 3 translational degrees of freedom per node for a total of 

30 degrees of freedom per individual element. 

The tetrahedral are also known as simplex, which 

simply means that any 3D volume, regardless of shape or 

topology, can be meshed with tets. They are also the only 

kind of elements that can be used with adaptive mesh 

refinement. The SOLID 187 element is defined by 10 nodes 

having 3 Degree of freedom at each node. It has a quadratic 

displacement behavior and is well suited to modeling 

irregular meshes. This element has plasticity, hyper 

elasticity, creep, stress stiffening, larger deflection and large 

strain capabilities. 

Aircraft brake housing has been modeled with 2
nd

 

order tetrahedral elements. Fine mesh is considered at the 

critical regions. Solid element type of 187 is used for 

modeling of aircraft brake housing component. FE model of 

aircraft brake housing are shown in Fig. 4.3 and Fig. 4.4. 

Also, total numbers of nodes and elements are tabulated in 

Table 4.3. 

 
Fig. 4.3: Static Structural and Fatigue Analysis FE Model      

  
Fig. 4.4: Tie Bolt Strength Analysis FE Model 

Analysis 
Total  Number of 

Elements 

Total  Number 

of Nodes 

Static Structural 

and Fatigue 
519596 771314 

Tie Bolt Strength 548692 899434 
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Table 4.3: Meshing Details  

V. BOUNDARY AND LOADING CONDITIONS 

Aircraft brake housing design is substantiated based on three 

major finite element analysis as listed below. 

 Static Structural Analysis 

 Fatigue Analysis 

 Tie Bolt Strength Analysis 

In this work, analysis has been carried out with 

different static load conditions and results are presented for 

displacement and von-Mises stress. 

A. Static Structural Analysis 

As per the TSO - C135 standards, Aircraft brake housing is 

evaluated for various static loading conditions. The stress 

observed in the aircraft brake housing must be within the 

material yield or ultimate strength limit. Static requirements 

for aircraft brake housing are listed in Table 5.1. 

 As per FAR 25.1435: Proof Pressure = 1.5 × 

Maximum Operating Pressure 

 As per FAR 25.1435: Burst Pressure = 2 × 

Maximum Operating Pressure 

Static Load Condition Pressure (MPa) 

Maximum Operating Pressure 21.374 

Proof Pressure 32.061 

Burst Pressure 42.748 

Table 5.1: Static Load Requirements 

Calculation of Piston End Load and Structural 

Torque 

 Maximum Operating Pressure  = 21.374 MPa 

 Total Piston Area          = 6628.4 mm
2
 

 Piston End Load                         = Pressure × Area 

 Maximum Piston End Load       =141.67 kN 

 Maximum Structural Torque  

 Maximum Structural Torque  = 1.44 × (S) × (R)  

 Maximum Structural Torque   = 1.1166E7 N-mm 

 (R) - Static Loaded Radius      = 175 mm 

 (S) - MSWL                            = 44.31 kN 

(As per ARP5381 for gear with main wheels and 

brakes) 

1) Boundary Condition Detail 

The fastener bolts tied between brake housing and torque 

plate transfers the high torque load from the torque pin and 

supports the aircraft brake housing. In static structural and 

fatigue analysis the brake housing part is only considered 

and bots analysis is discussed separately. Therefore, tie bolt 

holes are constrained in all degrees of freedom as shown in 

Figure 5.1. 

 
Fig. 5.1: Boundary Condition Plot 

2) Maximum Operating Pressure 

The piston-cylinder, passage hole and lug regions are 

considered for loading conditions. The piston end load on 

piston area in cylinder top, brake pressure in cylinder and 

passage hole and maximum structural torque at lug region 

are considered and used in this work as per the requirements 

at different brake pressure conditions. 

 Piston end load of 141.67 kN is applied on the end 

face with respect to local coordinate system in 

positive X-direction as shown in Figure 5.2. 

 
Fig. 5.2: Maximum Piston End Load 

 Brake pressure of 21.374 MPa is applied in the 

pressure cavity include passage hole region as 

shown in Figure 5.3. 

 
Fig. 5.3: Maximum Operating Pressure 

 Structural torque of 1.1166E7 N-mm is applied at 

aircraft brake housing lug region as shown in 

Figure 5.4. Torque load is applied about X-

direction with respect to local co-ordinate system. 

 
Fig. 5.4: Maximum Structural Torque 

3) Proof Pressure 

Same model and boundary condition has been used in proof 

pressure analysis as maximum operating pressure analysis. 

However, there is no torque load applied in this condition. 

The piston end load of 212.51 kN and brake pressure of 

32.061 MPa is applied. 

4) Burst Pressure 

Same model and boundary condition has been used in burst 

pressure analysis as maximum operating pressure analysis. 

However, there is no torque load applied in this condition. 

The piston end load of 283.35 kN and brake pressure of 

42.747 MPa is applied. 



Design Assessment and Fatigue Life Estimation for Aircraft Brake Housing 

 (IJSRD/Vol. 3/Issue 07/2015/209) 

 

 All rights reserved by www.ijsrd.com 858 

B. Fatigue Analysis 

As per the TSO - C135, fatigue requirements for aircraft 

brake housing are listed in Table 5.2. 

Ref.  ARP 5381. The BRPDL “brake rated pressure 

for the design landing” is determined from the normal of the 

peak brake pressures from the 100 normal stop tests. The 

BRPDL pressure used is 12.41 MPa, from brake performance 

data. 

Load Case 
Brake Pressure 

Cycle (MPa) 

Required 

Number of 

Cycles 

Design landing 

Pressure 
0 - 12.41 MPa - 0 100000 

Maximum 

operating pressure 
0 - 21.37 MPa - 0 5000 

 Total Cycles 105000 

Table 5.2: Fatigue Life Requirements 

1) Design Landing Pressure 

Piston end load of 82.26 kN is applied on the end face with 

respect to local coordinate system in positive X - direction 

and brake pressure of 12.41 MPa is applied in the pressure 

cavity include passage hole region. 

2) Maximum Operating Pressure 

Same model and boundary condition has been used in 

maximum pressure fatigue analysis as design landing 

pressure condition. However, brake pressure of 21.374 MPa 

and piston end load of 141.67 kN is applied. 

C. Tie Bolt Strength Analysis 

1) Boundary Condition Detail 

Aircraft brake housing axle and landing gear strut interface 

location is constrained in all degrees of freedom as shown in 

Figure 5.5. 

 
Fig. 5.5: Boundary Condition Plot 

2) Contacts Modeling 

Various linear and non linear contacts elements are modeled 

between interface surfaces. Standard frictional contact with 

0.2 value of coefficient of friction is modeled between brake 

housing and torque plate. Remaining contacts like between 

bolt and torque tube/ brake housing are modeled with 

bonded contact. 

3) Tie Bolt Preload (Load Step-1) 

Tie bolt assessment is analyzed in two load steps. Bolt 

preload is defined in load step-1 and its deformation is 

retained for load step-2 where other mechanical loads (proof 

and burst loads) are defined. 

To be on the conservative side, applied preload is 

30% less as compared against the yield load limit. Based on 

torque tension relationship, bolt preload at yield is 47.32 kN. 

Bolt preload of 33.13 kN is applied in load step-1 with 

respect to local ordinate system in axial direction as shown 

in Figure 5.6.  

   
Fig. 5.6: Tie Bolts Preload Condition 

4) Proof Pressure Loading Conditions 

Proof loading conditions are defined in load step-2 along 

with tie bolt preload. Structural torque condition is 

considered for the tie bolt strength analysis.  

5) Burst Pressure Loading Conditions 

Burst loading conditions are defined in load step-2 along 

with tie bolt preload. Same model, boundary condition and 

maximum structural torque have been used in burst pressure 

tie bolt analysis as proof pressure tie bolt analysis. 

VI. RESULTS AND DISCUSSION 

A. Static Structural Analysis 

1) Maximum Operating Pressure 

a) Total Displacement Plot 

 
Fig. 6.1: Total Displacement Plot 

Tie bolt holes are constrained in all degree of freedom and 

structural torque is applied at lug region which is faraway 

from constrained region and lug region has less stiffness 

compared to other regions. Therefore, the maximum 

displacement of 1.13 mm is observed at lug top edge region 

due to predominant bending moment at the lug edge and 

very less near the bolt holes region as shown in Figure 6.1. 

b) Equivalent Stress Plot 

 
Fig. 6.2: von-Mises Stress Plot 

The high stress concentration is observed at passage hole 

fillet region is more than the other irregular regions in 
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aircraft brake housing. Therefore, the maximum von-Mises 

stress of 350 MPa is observed in passage hole fillet region 

and it is less than the material allowable yield limit of 380 

MPa as shown in Figure 6.2. 

2) Proof Pressure 

The maximum displacement of 0.86 mm is observed at lug 

top edge region and displacement is very less near the bolt 

holes region. The brake pressure is applied through all 

passage hole regions and piston-cylinder cavity. The critical 

region is lies between passage hole and cylinder cavity. 

Therefore, the maximum von-Mises stress of 324.5 MPa is 

observed in passage hole fillet region and it is less than the 

material allowable yield limit of 380 MPa. 

3) Burst Pressure 

The maximum displacement of 1.14 mm is observed at lug 

top edge region and it is more than the displacement 

observed in maximum operating and proof pressure 

conditions. The maximum von-Mises stress of 432.7 MPa is 

observed in passage hole fillet. It is more than stress 

observed in the other brake pressure conditions and it is less 

than the material ultimate strength of 435 MPa. 

B. Fatigue Analysis 

1) Design Landing Pressure 

The maximum displacement of 0.33 mm is observed at lug 

top edge region and it is less than the displacement observed 

in static structural analysis. The maximum von-Mises stress 

of 125.6 MPa is observed in passage hole fillet region and it 

is less than the material allowable yield limit of 380 MPa. 

The stress observed in this condition is less than the stress 

observed in static structural analysis. 

a) Fatigue Estimation Based on SN Method 

S-N diagram plots nominal amplitude stress versus 

cycles to failure. S-N method does not function admirably in 

low cycle applications. 

Goodman diagram can be used to estimate a failure 

condition. It plots stress amplitude against mean stress with 

the fatigue limit and the ultimate strength of the material as 

two extremes.  

S-N Curve and Goodman Diagram for the 

maximum stress are shown in Figure 6.3 and 6.4 

respectively. Maximum stress is observed in passage hole 

fillet region and empirical results are shown for 

corresponding maximum value. 

      = 125.6 MPa,     = 0 MPa,      =    = 62.8 

MPa 

 Corrected Alternating Stress for Maximum 

Operating Pressure  =     = 73.4 MPa 

 Fatigue Strength Margin = 1.6 

 Actual number of cycles at 73.4 MPa for 
Maximum Stress Location: >1E6 Cycles 

 Fatigue Damage at Passage Hole Fillet Region = 
Required Cycles / Actual Cycles = (1E5) /( 
>1E6) 

 The Fatigue Damage effect is extremely weak 
and negligible on aircraft brake system for1E5 
cycles. 
Aircraft brake housing passage hole fillet region is 

having a corrected alternating stress of 73.4 MPa and it is 

less than the material endurance strength of 193 MPa and 

there by having an infinite design life of more than 1E6 

cycles as shown in Figure 6.3. 

Aircraft brake housing component satisfy the 

Goodman requirements for design landing pressure 

condition as shown in Figure 6.4. 

 
Fig. 6.3: S-N Curve for Design Landing Pressure 

 
Fig. 6.4: Goodman Diagram for Design Landing Pressure 

2) Maximum Operating Pressure 

The maximum displacement of 0.57 mm is observed at lug 

top edge region. It is more than the displacement value of 

design landing pressure condition and it is less than the 

displacement observed in static structural analysis. 

The maximum von-Mises stress of 216.3 MPa is 

observed in passage hole fillet region and it is less than the 

material allowable yield limit of 380 MPa. The stress 

obtained in maximum operating pressure condition is more 

than the stress observed in design landing pressure condition 

and it is less than stress observed in static structural analysis. 

a) Fatigue Estimation Based on SN Method 

S-N Curve and Goodman Diagram for the 

maximum stress are shown in Figure 6.5 and 6.6 

respectively. Maximum stress is observed in passage hole 

fillet region and empirical results are shown for 

corresponding maximum value. 

      = 216.3 MPa,     = 0 MPa,   =  = 108.15 

MPa 

 Corrected Alternating Stress for Maximum 

Operating Pressure is =    = 143.9 MPa 

 Fatigue Strength Margin  = 0.34 

 Actual number of cycles at 143.94 MPa for 

Maximum Stress Location: >1E6 Cycles 

 The Fatigue Damage effect is extremely weak and 

negligible on aircraft brake system for 5000 
cycles. 
Aircraft brake housing passage hole fillet region is 

having a corrected alternating stress of 143.94 MPa and it is 

less than the material endurance strength of 193 MPa and 
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there by having an infinite design life of more than 1E6 

cycles as shown in Figure 6.5. 

 
Fig. 6.5: S-N Curve for Maximum Operating Pressure 

Aircraft brake housing component satisfy the Goodman 

requirement for maximum operating pressure condition as 

shown in Figure 6.6. 

                          
Fig. 6.6: Goodman Diagram for Maximum Operating 

Pressure 

C. Tie Bolt Strength Analysis 

1) Proof Pressure 

The maximum displacement of 1.94 mm is observed at lug 

top edge region due to predominant bending moment at lug 

edge and less displacement near the constrained region. The 

displacement observed in this condition is more than the 

displacement observed in static structural and fatigue 

analysis. 

Note: Considering the most severe proof loading 

condition, a decision has been taken based on the legacy 

programs for considering ultimate strength for tie bolt 

assessment. 

The maximum von-Mises stress of 425.4 MPa is 

observed in passage hole fillet region and it is less than the 

material ultimate strength of 435 MPa. 

a) Tie Bolt Axial Displacement (Z-Direction) 

 
Fig. 6.7: Axial Displacement Plot 

The tie bolt experiences the maximum displacement of 0.24 

mm at shank mid due to maximum bending moment act at 

shank mid as shown in Figure 6.7. The shank diameter and 

length are considered to validate the estimated result with 

empirical result. 

 Deflection Equation for Tensile Load,   = 
  

  
 

 Where, P = Bolt Preload           = 33.13 kN 

 L= Bolt Shank Length                 = 83 mm 

 D= Diameter of the Shank        = 9.5 mm 

 Deflection         = 0.20 mm 

Estimated tie bolt displacement of 0.24 mm is 

closely matches with the empirical result of 0.20 mm. 

b) Normal Stress Plot 

 
Fig. 6.8: Normal Stress Plot 

Maximum normal stress of 464.5 MPa observed at the mid 

of the shank is considered as shown in Figure 6.8 and 

validated to normal stress using empirical results. 

 Bolt Normal Stress,   = P/A = 33130/70.88 = 

467.4 MPa 

 Where P = Bolt Preload 

 A = Bolt Shank Cross Sectional Area 

 Tie Bolt MOS = 0.2 

Estimated normal stress of 464.5 MPa is less than 

material allowable yield limit of 552 MPa and thereby 

having a positive design margin of 0.2. The estimated 

normal stress of 464.5 MPa is closely matches with 

empirical result of 467.4 MPa. 

c) Tie Bolt Tensile Stress - Reaction Load Calculation 

 Bolt Ultimate Stress = 1411 MPa 

 Bolt End Load due to 60% of UTS at Room 

Temperature = 0.6 × UTS × MCSA 

 Allowable Limit of Tie Bolt Torque Preload = 

60.01 Kn 

 Total Tie Bolt Reaction Load per Bolt   = 379000/8 

= 47.37 kN 

 

          
Fig. 6.9: Total Reaction Force Plot 

Estimated proof tie bolt end load of 47.37 kN is 

less than the allowable tie bolt torque preload of 60.1 kN. 
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d) Shear Load Calculation 

 Total Reaction Force Observed at Brake Housing 

and Torque Plate Interface = 2.4169E5N 

 Shear Load = Reaction Force / Total Number of 

Tie Bolts = 2.4169E5/8 N 

 Shear Load = 30.21kN 

e) Shear Strength Calculation 

  
Fig. 6.10: Shear Strength Plot 

Tie bolt experiences the twisting/shearing effect due to shear 

force at end of the shank as shown in Figure 6.10 and 

validation is made with respect to maximum shear stress of 

66.77 MPa observed at bolt root. 

 Tie Bolt Allowable Shear Strength   = 353.3 MPa 

 Shear Stress  = P/A = Shear Load / Shear Area 

 Shear stress      = 30211.25/394.25 = 76.6 MPa 

 Where, P = Reaction Load per Single Bolt = 

30211.25 N 

 A = Area of the Single Bolt = L× (D/2) = 394.25 

mm
2
 

 L = Bolt Shank Length = 83 mm 

 Shear MOS = (353.3/66.77) - 1 = 4.3 

Maximum shear stress of 66.77 MPa is less than 

allowable shear strength of 353.3 MPa and thereby having a 

positive design margin of 4.3. The estimated shear stress is 

closely matches with empirical result of 76.6 MPa. 

2)  Burst Pressure 

The maximum displacement of 2.34 mm is observed at lug 

top edge region and it is more than the displacement value 

of all other analysis conditions. Based on Elasto-Plastic 

analysis consideration, the von-Mises stress of 390.1 MPa 

(maximum stress from non linear analysis = 509.8 MPa) is 

observed in passage hole fillet region and it is less than the 

material ultimate strength of 435 MPa. 

a) Tie Bolt Axial Displacement (Z-Direction) 

The estimated displacement value of 0.27 mm is more and 

closely matches with the displacement observed in the proof 

pressure condition. Estimated tie bolt deflection of 0.27 mm 

is closely matches with the empirical result of 0.20 mm as 

considered in proof pressure tie bolt strength analysis. 

b) Normal Stress for Tie Bolt 

The estimated normal stress of 470 MPa in burst pressure 

condition is more and closely matches with the stress 

observed in the proof pressure condition. The estimated 

normal stress of 470.08 MPa is closely matches with 

empirical result of 467.4 MPa as shown in proof pressure tie 

bolt strength analysis 

c) Tie Bolt Tensile Stress – Reaction Load 

Calculation 

The estimated burst tie bolt end load of 52.7 kN is less than 

the allowable tie bolt torque preload of 60.1 kN. 

d) Shear Load Calculation  

 Total Reaction Force Observed at Brake Housing 

and Torque Plate Interface = 2.4169E5 N.  

 Shear Load  = 2.4169E5/8 = 30.21 kN 

e) Shear Strength Calculation 

The shear stress observed in burst pressure condition is more 

and closely matches with shear stress value of proof 

pressure condition. 

 Shear Stress  = 30211.25 / 394.25 = 76.6 MPa 

 Tie Bolt Shear Margin of Safety  = 3.9 

Maximum shear stress of 71.89 MPa is less than 

allowable limit of 353.3 MPa and thereby having a positive 

design margin of 3.9. The estimated shear stress of 71.89 

MPa is closely matches with empirical result of 76.6 MPa. 

VII. CONCLUSIONS AND FUTURE SCOPE 

A. Conclusions 

It is concluded that aircraft brake housing design provides 

the best solution with regards to acceptable maximum 

operating, proof and burst pressure design margins as per 

the TSO-C135 minimum performance standards. The 

following analysis for the aircraft brake housing proves the 

design substantiation as per the TSO-C135 guidelines. 

Results shows that aircraft brake housing and tie bolt are 

safe under all brake operating pressure conditions. 

1) Structural analysis of the aircraft brake housing 

shows the maximum displacement is observed at 

lug top edge region and the maximum von-Mises 

stress is observed in passage hole fillet region. All 

observed stress values are within the safe limits for 

the aluminum 2014 - T6 material. 

2) Aircraft brake housing is having infinite fatigue life 

of more than 1E6 cycles. It satisfies the design 

requirements of 1E5 cycles for design landing 

pressure and 5000 cycles for maximum operating 

pressure conditions. 

3) Aircraft brake housing tie bolt meets tensile and 

shear strength requirements. Estimated results are 

within the safe limits for the Inconel-718 material 

and closely match with empirical results. 

B. Future Scope 

1) In this work the analysis is carried out by 

considering the forged aluminum material. This 

work can be extended in future by considering 

other aerospace component materials for carbon 

brakes used in high performance carrier aircraft and 

spring return mechanism in brake housing design. 

2) This work can be extended by taking the entire 

assembly of the brake system into consideration. 

Further aircraft brake housing weight saving can be 

achieved through topology optimization. 
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