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2. Hydraulic Brake Concept
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2. Hydraulic Brake Concept
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2. Hydraulic Brake Concept
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3. Hydraulic Brake System Modeling & Analysis

Entire Brake System

- Parameter

마스터실린더피스톤면적 = 0.0015 𝑚2

Lever gain = 3

Booster gain = 8

- Input 

운전자의힘 (Step) 

- Output 

캘리퍼피스톤압력
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3. Hydraulic Brake System Modeling & Analysis

Vacumm Booster
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3. Hydraulic Brake System Modeling & Analysis

Vacumm Booster
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3. Hydraulic Brake System Modeling & Analysis
Master cylinder 

𝑑𝑉𝑏
𝑑𝑡

= tanh 𝑃𝑚𝑐 − 𝑃𝑤 × 𝐶𝑤 × 𝑃𝑚𝑐 − 𝑃𝑤

𝑃𝑤 = 𝐶𝑝2𝑉𝑏
2 + 𝐶𝑝3𝑉𝑏

3

𝑉𝑏
′:유량

𝑃𝑚𝑐:마스터실린더압력
𝑃𝑤:캘리퍼피스톤압력
𝐶𝑤:흐름계수
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3. Hydraulic Brake System Modeling & Analysis

Hydraulic Line 

𝑉𝑏
′ = tanh 𝑃𝑚𝑐 − 𝑃𝑤 × 𝐶𝑤 × 𝑃𝑚𝑐 − 𝑃𝑤

𝑃𝑤 = 𝐶𝑝2𝑉𝑏
2 + 𝐶𝑝3𝑉𝑏

3
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3. Hydraulic Brake System Modeling & Analysis

Transfer function
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3. Hydraulic Brake System Modeling & Analysis
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3. Hydraulic Brake System Modeling & Analysis

Input : 𝐹𝑖𝑛 = 150𝑁

Output : 𝑃𝑤 ≅ 2.4 MPa
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4. Brake Caliper Modeling & Analysis

Fixed Caliper Type

Floating Caliper Type
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4. Brake Caliper Modeling & Analysis

Reference Model

Hyundai Avante AD 2016

Floating Caliper Type
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4. Brake Caliper Modeling & Analysis

Caliper Model

from GrabCad
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4. Brake Caliper Modeling & Analysis

Detailed Model

Auto Mesh Build

Size: Fine

𝐷𝑂𝐹 ≅ 750000

Solution time = 1min 36s
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4. Brake Caliper Modeling & Analysis

Simplified Caliper ModelDetailed Caliper Model
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4. Brake Caliper Modeling & Analysis

Linear Elastic Material

Gray Cast Iron

Young’s Modulus = 118GPa

Poisson’s Ratio = 0.294
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4. Brake Caliper Modeling & Analysis

Fixed Boundary Condition

-Bolted Part
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4. Brake Caliper Modeling & Analysis

Fixed Boundary Condition

-Bolted Part
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4. Brake Caliper Modeling & Analysis

Boundary Load

𝐹𝑎𝑥 = 2.4𝑀𝑝𝑎
𝜇 = 0.4 (Brake Pad)

𝐹𝑎𝑦 = 0.96𝑀𝑝𝑎
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4. Brake Caliper Modeling & Analysis

Simplified Model

Auto Mesh Build

Size: Fine

𝐷𝑂𝐹 ≅ 330000
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4. Brake Caliper Modeling & Analysis

Simplified Model

Auto Mesh Build

𝐷𝑂𝐹 ≅ 330000

Solution time = 24s

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑣𝑜𝑛 𝑀𝑖𝑠𝑒𝑠 𝑆𝑡𝑟𝑒𝑠𝑠
≅ 139𝑀𝑝𝑎
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4. Brake Caliper Modeling & Analysis

Simplified Model

Auto Mesh Build

𝐷𝑂𝐹 ≅ 330000

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑣𝑜𝑛 𝑀𝑖𝑠𝑒𝑠 𝑆𝑡𝑟𝑒𝑠𝑠
≅ 139𝑀𝑝𝑎
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4. Brake Caliper Modeling & Analysis

Simplified Model

Manual Mesh Build

Mesh Size Adjustment by Domain

𝐷𝑂𝐹 ≅ 103000
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4. Brake Caliper Modeling & Analysis

Simplified Model

Manual Mesh Build

Mesh Size Adjustment by Domain

𝐷𝑂𝐹 ≅ 103000
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4. Brake Caliper Modeling & Analysis

Simplified Model

Manual Mesh Build

Mesh Size Adjustment by Domain

𝐷𝑂𝐹 ≅ 103000

Solution time = 4s

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑣𝑜𝑛 𝑀𝑖𝑠𝑒𝑠 𝑆𝑡𝑟𝑒𝑠𝑠
≅ 118𝑀𝑝𝑎
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5. Conclusion with Q&A 

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑣𝑜𝑛 𝑀𝑖𝑠𝑒𝑠 𝑆𝑡𝑟𝑒𝑠𝑠
≅ 118𝑀𝑝𝑎

Verifying with Goodman Line

𝑆𝑒 ≅ 135𝑀𝑝𝑎 𝑆𝑢𝑡 ≅ 310𝑀𝑝𝑎

Permanent Caliper Life !
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5. Conclusion with Q&A 

Rise Time ≅ 0.4s

Vehicle Initial Velocity 100km/h

-> Free Running Distance = 11m
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