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Recent Artificial Intelligence (AI) technology has accelerated research on self-navigating vehicles which are also 
known as autonomous vehicles. Autonomous vehicles have a very high potential in various industries, for example, 
unmanned taxi and delivery services. Vehicles for these purposes are relatively downsized in consideration of road 
occupancy, parking space and fuel efficiency. In this case, the rollover stability of the vehicle is decreased, which 
causes the possibility of rollover with even a small lateral force, especially when cornering in a curved path. One of 
the technical solutions to improve rollover stability in a curved path is a tilting system, a method of tilting the vehicle 
body into the corner to balance the centrifugal force. There are two main methods of tilting: tilting the body only 
(Body Tilting System) and tilting the entire chassis system (Chassis Tilting System). This paper presents guidelines 
for controlling the tilting angle of a four-wheeled narrow tilting vehicle (NTV) with a chassis tilting system to 
maintain high rollover stability while driving in a curved path. First, variables and dynamic equations of a general 
four-wheeled non-tilting vehicle are modified. Since variables such as roll angle, camber angle are affected by the 
tilting system, variables should be expressed with respect to the characteristics of the NTV. Second, the lateral load 
transfer ratio (LTR) is calculated using modified vehicle dynamics equations. LTR is the most widely accepted index 
for vehicle rollover simulation, which is a formula containing left and right vertical tire forces. LTR value should be 
between the values of -1 and 1, values outside this range signify vehicle rollover. Under these conditions, an 
appropriate range for the tilting angle in accordance with vehicle velocity and path curvature is proposed. Given 
the path curvature, the results show relations between three variables: tilting angle, vehicle velocity, and LTR. This 
data leads NTV to be successfully controlled to maintain all four wheels in contact with the ground even in a curved 
path, without vehicle rollover. 

  
  
  
  

  

 
Fig. 1 (a) Body tilting system and (b) Chassis tilting system
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