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OREDLAB – SNU
Off-Road Equipment and Soil-Machine Systems Design

Off-Road Equipment

Powertrain Design & Analysis Noise & Vibration

System Analysis

Soil-Machine Systems
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발표자 소개

▪ 연구분야
– 트랙터 승차진동 저감 방안 연구

– 트랙터 캐빈 서스펜션 제어 알고리즘 개발 연구

– 전기구동 트랙터 플랫폼 개발 연구

– 제어기 HILS 시스템 구축 및 제어 로직 검증

▪ 학력
– 서울대학교 바이오시스템소재공학부 학사

– 서울대학교 바이오시스템공학과 석사

– 서울대학교 바이오시스템공학과 박사과정

▪ 소속
– 서울대학교 노외기계설계 및 토양기계시스템 연구실(OREDLAB)

– 전북 한국생산기술연구원 지능형농기계연구그룹

김경대 박사과정

SNU / OREDLAB

Kitech

Email : kkd4943@snu.ac.kr

mailto:kkd4943@snu.ac.kr
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Project Overview

Serious damages to 
worker’s health
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Project Overview

▪ Paved Road

▪ Transportation

▪ Unpaved Road

▪ Agricultural Tasks
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Project Overview

캐빈
현가장치

Passive

Semi-active

Active
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Project Overview

Proportional 

control valve

Piston

displacement & speed



88

▪ Model Based Design

▪ Complex System

▪ Non-linear System

▪ Cost  & Time

Project Goals and Challenges
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Project Goals and Challenges

▪ Disturbance

▪ Uncertainty

▪ Lack of sensors
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How did we get there and leverage MathWorks

▪ LTI System Modeling
– Half car model

– Symbolic math toolbox

– State space representation

▪ Robust Control
– Sliding mode
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LTI System Modeling

𝒇𝒔 = −𝒄𝒔𝒓( ሶ𝒛𝒄𝒓 − ሶ𝒛𝒃𝒓)

𝑴 ሷ𝒛 + 𝑪 ሶ𝒛 + 𝑲𝒛 = 𝒇𝒔
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LTI System Modeling

ሶ𝒙 = 𝑨𝒙 + 𝑩𝑭𝒔 + 𝑳 ሶ𝒛𝒓

𝑴 ሷ𝒛 + 𝑪 ሶ𝒛 + 𝑲𝒛 = 𝒇𝒔

8 States

8 X 8 Matrix

Many symbols & Complicated Formula

Symbolic math toolbox

Easy & fast 

space space representation
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LTI System Modeling

▪ 3 Types of plant model

– Rubber mount

– Semi-active suspension with constant valve current

– Semi-active suspension with sliding mode controller
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Robust Control

𝒔 = ሶ𝒆 + 𝝀𝒆

𝒆 = 𝒓 − 𝒚 = 𝟎 − ሷ𝒛𝒄

𝑪𝒐𝒏𝒕𝒓𝒐𝒍 𝑰𝒏𝒑𝒖𝒕 = 𝒅𝒂𝒎𝒑𝒊𝒏𝒈 𝒇𝒐𝒓𝒄𝒆,𝑵

▪ Sliding mode control?

– Nonlinear control method

▪ Forces the non-linear system to slide along a sliding surface

– Strongly robust

▪ Mathematically estimate and suppress disturbances & uncertainties

▪ Do not need to know precise value, but bounds only

▪ Templates

– Easy to design
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Robust Control

Semi-active Active

Direction 

constraints

Magnitude 

constraints

Control damping force, N

Valve control current, mA

Valve current command, mA

▪ Magnitude constraints

– Depends on valve current

▪ Direction constraints

– Only to dissipate the system energy
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Simulation model

비례제어밸브
전류제어

반능동현가장치
제약(Constraint)

▪ 크기제약
: 특정전류에서

최소최대감쇠력존재

▪ 방향제약
: 반발력

방향으로만작용

Step input

ISO 8608

Road class
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Simulation model
Rubber Mount

Semi-active Passive Semi-active Control

Step input

at 5, 7, 10 km/h

ISO 8608

road class A, B, C

at 5 km/h
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Achievements and outlook

▪ Semi-active suspension decreases ride vibration better than rubber mount

▪ With SM controller, shows nearly 60% higher performance than without a controller

< Simulation results for step input at 10 km/h >

< Simulation results for ISO 8608 road class C >

< Peak and RMS values for step input >

< Peak and RMS values for ISO 8608 road class >
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Concluding Remarks and Further plan

▪ Successfully improved the semi-active suspension’s performance using SM controller

▪ Learn how to model the LTI systems in a simple and easy way

▪ Achieve SMC platform which can be applied to various system

▪ Further plan

– SM controller HILS, vehicle test

– Electrical tractor plant model 
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Thank you
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