Application of Risk-Based Design Method to Fastening Systems
in Interior Module of Railway Vehicle
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In the design of raillway vehicle, main interests have been placed on rigidity, lightweight and strength. Therefore, great
improvement has been achieved in functional point of view. For further development, however, it is necessary to provide a
procedure for the decision-making in design process. |f design change such as geometry variation or material replacement occurs, it
isrequired to evaluate the validity of the action. For this purpose, arational procedure to assist the decision-making is needed.

From this point of view, we attached importance to the decision-making performance in risk assessment in the previous study.
We verified the effectiveness of sleeve-caulking fastening method and examined the optimum arrangement of fasteners using risk
arising from the scatter of material properties, geometry, and fastening force of ceiling module. In this paper, wider range of
investigation is done in view of the load condition and the assessed object. As for the load condition on the luggage rack, besides
the uniformly distributed load, one-side load and concentrated load are considered. As for the assessed object, besides the fastening
bolt, mounting rail is newly considered to assess the fastening system synthetically and clarify the dominant factor of the failures.

Key words: Risk Assessment, Interior Module, Sleeve-Caulking Fastening Method, Decision-Making, Design Optimization,
Mounting Rail, Finite Element Method
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Fig.1. Interior Module attached to Mounting Rail of Car Body.
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Table . Scatter variable of Input Values (Normal Distribution).

Scatter Variables mean C.OV.
Young's Modulus of Panels 71GPa 5%
Y oung's Modulus of Bolts 205GPa 5%
Initial Fastening Force : Bolt/Nut 2.7kN 13.0%

: Sleeve/Caulking 3.3kN 2.7%
Coefficient of Static Friction
on the Contact Surfaces 0.15 5%
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Fig. 2. AnAnalysis Model of Real Module ( are
Fastener Numbers, () are x-coordinate of Fastener).
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Fig.3. Analysis Models including Mounting Rail.
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Table . Modelsthat are assessed in this study.

(S/C: Sleeve/Caulking Fastening, B/N : Bolt/Nut Fastening)
Modd Length | Fastening Fastener Mounting
[mm] Type Upper/L ower Rail
1 1600 S/IC 3/3 Modeled / Not Modeled
2 1600 B/N 3/3 Not Modeled
3 3200 SIC 3/6 Not Modeled
4 3200 SIC 3/6 Not Modeled

Fig.4. A 3200mm Model with 9 Fasteners (Model 3).
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Table . Risksof 1600mm Models
Length |Fastening Risk of Fasteners
Model
[mm] Type
S/IC 0 6.33E-08 1.98E-03
1600
B/N 0 8.73E-01 1.19E+00
Table . Risksof a3200mm Model (Model 3).
Moddl Length | Fastening Risk of Fasteners
[mm] Type
3 3200 SIC 0 0 7.76E-05 3.77E-03




Table

. Two Levels of Two Factors.

Factor A Factor B

Mean of Fastening Force C.O.V. of Fastening Force
Level Value[kN] Level Value[%)]
Al |2.7(B/N mean) B1 [13.0(B/N C.0.V.)
A2 |3.0 B2 (105

A3 |3.3(S/C mean) B3 (8.1

B4 (5.4
B5 [2.7(SCC.0.V)
Table . Contribution Rate of Mean and C.O.V. of the
Fastening Force to Risk.
(a) Fastener (b) Fastener
Factor Contribution Factor Contribution

Factor A 25.7% Factor A 62.8%

Factor B 54.7% Factor B 9.8%
Residual e 19.6% Residual e 27.4%
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Table . Risksof Model 1 including Mounting Rail.
(a) Risks of Fasteners
Length i i
Modd gth | Fastening Risk of Fasteners
[mm] | Type
1 1600 SC 0 255E-10 3.89E-05

(b) Failure Probabilities of Each Failure Mode

Failure Failure Probability
Mode
@ 0 0 0
2 0 0 0
(3 0 3.83E-11 1.66E-5
4 0 0 0
(5) 0 0 0
Table . Risks of Optimized 3200mm Model.
Model Length | Fastening Risk of Fasteners
[mm] Type

4 3200 SC 0 3.65E-05 1.13E-06 2.68E-06
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Table . Settings of Level Values of Two Factors.

Factor A Factor B
Level Value[mm Level Value[mm]
Al 950 B1 200
A2 1050 B2 400
A3 1150 B3 600
A4 1250
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Fig. 5. Interval Estimation of W to Two Factors.
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Table Xl 4
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. The Results of Risk Analysisin the Case of One-Side Loads.
Model Risk of Fasteners
3 0 8.50E-12 9.32E-03 7.65E-09
4 0 1.22E-03 3.13E-06 4.17E-10

Table XI. The Highest Risks in the Case of Concentrated Loads.

x coordinate | load [kN] model 3 model 4
0 1 6.38E-01 9.55E-01

400 2 6.93E+00 7.03E+00
800 2 1.13E-01 5.57E-04
1200 2 3.25E+00 1.56E-04
1600 2 2.88E+00 2.83E-06
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