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Most of the vehicles are fitted with HPS (hydraulic power steering) system. 
Although this system is used about 50 years, it has some shortcomings. 
In comparison with EPS system, it is constituted with more components. 
This implies usually HPS system is heavier than EPS system and inferior 
in the point of fuel efficiency. In addition, hydraulic system is operated by 
oil which might be leaked and is difficult to reuse or recycle. 
Moreover, it is necessary to develop power steering system which uses 
electricity because automobiles are evolving oil-powered vehicle to 
electric-powered vehicle.

Torque sensor is one of the components of the EPS system. 
It detects the motion and torque of the steering column, and a computer module applies assistive torque via 
an electric motor coupled directly to either the steering gear or steering column. 
This allows varying amounts of assistance to be applied depending on driving conditions.

Torque sensor can be divided into two types; contact type and non-contact type. The representative type of the contact 
type torque sensor is potentiometer. However, as time goes by, reliability of torque sensor gets lower because brush 
wears out. Therefore, nowadays, designers choose non-contact type torque sensor for durability.

1. Introduction



생산기술센터Creative Technology Innovation Partner < 2 / xx >

Contact type Non-contact type

Type Potentiometer Optical Magneto-Resistance Hall-IC

Structure

Feature
measure torque with 
changing resistance by 
brush rotation

measure torque with 
changing amount of 
received light

measuring torque with 
changing magnetic 
field by bar torsion 

measuring torque with 
changing magnetic 
flux by bar torsion

Reliability low medium high high

Size medial rather big rather big small

Cost cheap expensive expensive medium

Comparison of key features of the torque sensor 
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2. Problem

Hall type sensor
- constructed by the first and second magnetic ring to detect torsion. 
- magnetic flux between first and second ring varies as steering column rotates. 
Hall IC gauges the difference of the magnetic flux and send signals to ECU. 

- cost of the Hall type torque sensor is cheaper than optical or magnetoresistive type 
with high detection reliability. 

Therefore, in LS Cable Co., Hall type torque sensor is selected for target product to redesign. 

Hall type torque sensor which was developed by Moving Moving Magnet Technologies (MMT) 
was selected to target product; it has the simplest structure.

Didier Angleviel et al., “Development of a Contactless Hall effect torque sensor for Electric Power Steering”, 
SAE 2006 World Congress, April 2006, http://www.movingmagnet.com/medias/download/2006-01-0939.pdf

http://www.movingmagnet.com/medias/download/2006-01-0939.pdf
http://www.movingmagnet.com/medias/download/2006-01-0939.pdf
http://www.movingmagnet.com/medias/download/2006-01-0939.pdf
http://www.movingmagnet.com/medias/download/2006-01-0939.pdf
http://www.movingmagnet.com/medias/download/2006-01-0939.pdf
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No flux flow at collectors

→ neutral position

Flux Flow

Downward flux flow at collectors

→ turned right

Upward flux flow at collectors

→ turned left
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Torque sensor which was developed by Moving Moving Magnet Technologies has very simple structure;
therefore, hard to find any contradictions or problems.

Thus, process analysis was done.

magnet part

install 

ferromagnetic

material on yoke

magnetize

ferromagnetic

material

punch

stators

(ferromagnetic)

bend teeth part

stator part

sensor part

install

hall sensor 

torque

sensor 

assemble all parts

can be eliminated
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Thus, 40 principles were applied to redesign the torque sensor.
(eliminate bending process)

Inventive Principle 17 ‘Dimension Change’ (from GoldFire)

▪ move an object in two-dimensional or three-dimensional space

▪ use a multistory arrangement of objects instead of a single-story arrangement

▪ tilt or reorient the object; put the object on its side

▪ use a different side of the given area

example

Placing some elements of a microcircuit on the reverse side of others. 

For instance, resistors and condensers are formed on the reverse side 

of the crystal of an integrated circuit stood edgewise by means of a 

sequential deposition of insulating, conducting, and resisting layers.

Application of Japan (NEC) 1 283 896 H05R1/16 H01L 27/04 Review Magazine "Radiotechnika", 1991
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Inventive Principe # 17

Former design : teeth and magnets are faced each other along the circumference of the rotor/yoke.

New design     : teeth and magnets are confronted each other with upper and lower sides of the rotor/yoke. 
→ teeth of the stators need not to be bent
→ manufacturing cost slightly down   

former design new design
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New problem

The new concept design was already published in US patent (#6810336) by Denso Co..
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Torque sensor designed by Denso has simple design as that of the MMT. However, it has a problem. 

The function of collector is collecting the flux which is generated on two stators. 
Besides, the collected flux is gathered by ‘L’ shaped flux concentration areas in collector. 
Thanks to them, magnetic force needs not to be too strong; magnet which has stronger flux 
is more expensive.

However, this function will not perform properly unless the distance between upper and lower 
flux concentration areas is rather smaller than the gap between upper and lower flux collection 
areas or two stators. 

The reason is that flux flows much more between small gaps than big, thus if gap between the 
flux concentration areas is bigger than that of the stators flux cannot be concentrated, namely, it leaks.
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The technical system <for sensing rotation> includes <stators, magnet, collectors, hall sensor, yoke, etc.>.

TC-1: if the height of the magnet is high, the distance between upper and lower flux concentration areas 
becomes relatively closer; thus magnet flux does not leak.
However, bigger magnet is needed so manufacturing cost increases.

TC-2: if the height of the magnet is not high, the distance between upper and lower flux concentration areas 
becomes relatively farther ; thus magnet flux leaks.
However, smaller magnet is needed so manufacturing cost decreases.

It is necessary with minimum changes to the system, to <sense rotation without using big magnet>.

Define the operational zone

Seperation principles (in space)
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3. Final Solution

-. Cheap plastic part is introduced between thin magnet, instead of using big magnet.

-. Manufacturing cost was reduced.

-. In addition, this concept design is international patent pending. 


