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New use cases for cockpits have arisen in autonomous driving and battery electric vehicle (BEV) applications.
We created a functional prototype of a stowable steering column with a 330 mm stroke and we verified supporting
rigidity in manual driving and comfort by stowing. In the bench verification for column rigidity, displacement under
load was less than half of the limit of the target for the current column and the resonance frequency was higher
than current models. From these results, it was confirmed that the long stroke and the high rigidity are compatible.
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1. Introduction

In recent years, advancements in autonomous driving
and vehicle electrification, have brought attention to
Steer-by-Wire (SBW) systems, which enable advanced
control of road wheel and steering wheel (SW)
operation?. The JTEKT Electronics Performed Intelligent
Control Steering (J-EPICS), the SBW system provided by
JTEKT, offers high flexibility in the arrangement of the
Hand-Wheel Actuator (HWA) and Road-Wheel Actuator
(RWA). This system is well-suited to adapt to changes
in vehicle structure® associated with the powertrain’s
minimization? and body modularization®- ¥ in battery
electric vehicles (BEV).

At the same time, with the transition to Software-
Defined Vehicles (SDV) and the digitalization of cockpits,
the cabin is increasingly being recognized for its value
as a new living space. With the anticipated advances in
autonomous driving, drivers are expected to have reduced
involvement in driving tasks and increased opportunities
for secondary activities.

Based on these circumstances, attention has been
focused on SW stowing technology to enhance the
added value of cockpits. J-EPICS offers the advantage
of allowing relatively flexible placement of the steering
column connected to the SW. Therefore, a stowable
steering column that retracts the SW into the dashboard
has been developed for parking or Level 4 autonomous

*1 This report was created based on the proceedings of the 2023
autumn conference (20236070) of the Society of Automotive
Engineers of Japan.
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driving. The room that stowing the SW creates enhances
the digital cockpit’s entertainment capability.

This report presents the development of a functional
prototype of a stowable steering column, and the results
of its validation on a test bench and in an actual vehicle.

2. Design Study

2. 1 Study of Design Requirements

The requirements for the stowable column include
the stowage stroke, installability in the vehicle, and
SW support rigidity. This chapter outlines the primary
requirements and additional details are provided in
subsequent chapters.

The SW rim may interfere with the dashboard or knees
during the stowage operation when the SW is circular. As
a countermeasure, rotating the SW around the vehicle’s
lateral direction axis increases the required slide stroke by
the radius of the SW®. Additionally, a rotation mechanism
of the SW rim must be incorporated, further complicating
the structure. This report is based on the following
assumptions.

0 The implementation of J-EPICS control eliminates the
need for the driver to change their grip on the SW

0 A horizontally elongated SW is employed.

[0 The SW will automatically return to the neutral
position when stowed.

The distance from the SW to the dashboard was first
investigated to establish the requirements for the stowage
stroke. According to the investigation of three F-segment
models, it was found that the maximum distance from the
telescopic central position to the dashboard was 230 mm.
An additional space of more than 70 mm is required to
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stow the SW inside the dashboard, and this means that a
movement of 300 mm from the telescopic center position
is needed. Adding the extended stroke of 30 mm for SW
position adjustment yields a stroke requirement of 330
mm (Fig. 1).

Next, the requirement for column installing space was
that there must be no interference between the column
and vehicle components during the process from extended
to stowed. Based on the above, the requirement for a
column was set at less than 700 mm in overall length
(distance from the column front edge when extended to
maximum length to the column rear edge when stowed)
in the longitudinal direction, with no interference with
brake components, including the pedal, in the lateral
direction, and as small as possible in the vertical direction
to secure sufficient leg room.

330 mm including handle position
adjustment stroke

Fig. 1 Stowage stroke target

The bending displacement under static load and the
SW resonance frequency determined the requirement
for SW support rigidity. The SW support rigidity should
be equivalent to that of the current column from the
perspective of stability and controllability to extend
the SW and steer manually in situations other than
autonomous driving.

This report aims to verify the support rigidity required
to achieve the stowage concept. The safety and reliability
requirements for stowage operation remain future
challenges.

2. 2 Study of the Sliding Structure

Table 1 compares three structures to fulfill the
requirements determined in the previous chapter,
amounting to a space of 700 mm and a stroke of 330 mm.
The top of the figure represents the SW side, while the
bottom presents the firewall side. Here, firewall is the
wall separating the engine compartment from the cabin.
The SW column mainly consists of the reaction actuator,
steering angle and torque transmission components
(hereafter, “column shaft”), as well as supporting
components for the steering torque transmission
(hereafter, “supporting structure”). The column shaft and
supporting structure require a mechanism that can extend
and retract telescopically or slide linearly to facilitate

JTEKT ENGINEERING JOURNAL English Edition No. 1021E (2025)

stowage and extension. The area indicated by the red box
in Table 1 represents the fixed part during the stroke,
while the remaining parts move in the axial direction of
the column shaft. Note that the mounting parts fixed to
the vehicle body are not shown in the figure.

Type A in Table 1 uses a structure where the reaction
actuator is fixed to the firewall side. Type A includes
both a multiple-tube structure and a slide rail structure,
which are similar in design. The multiple-tube structure
is shown here as an example. Type B and Type C are
structures where the reaction actuator moves with the SW.
Type B supports the reaction actuator using a multiple-
tube structure, while Type C uses a slide rail structure.
Type B and Type C do not require multiple column
shafts, resulting in a more straightforward structure and
enhanced SW support rigidity. However, the distance
from the column fixing point to the reaction actuator
increases in the column extended position, potentially
reducing the resonance frequency.

Here, the required number of sliding stages (number
of parts that overlap inside one another) for the multiple-
tube structure (Type A and Type B) is calculated. The
dimensional specifications are as follows: the tube and
column shaft fitting length is 100 mm, the length of the
reaction actuator is 100 mm, and the SW fixing part of
the column shaft axis is 50 mm. As shown in Fig. 2, four
stages are required to ensure a stroke of 330 mm. When
the number of overlapping stages increases, there are
concerns about a decrease in SW support rigidity and an
increase in volume, making the feasibility of the multiple-
tube structure (Type A and Type B) low.

Table 1 Pros and cons of reaction actuator position and
steering wheel supporting structure

Type A Type B Type C
[ Fixed part
* Pros Steering wheel
o E - = '
g ég Shafts ‘
% el 8 ‘ : Rail
§ ™| Reaction
= actuator
a Firewall
Shaft Multiple Single® Single ™
Tube/Rail  Multiple Multiple Single®
Bendin .
L g Poor Fair Good ™
rigidity
Center of . .
. Low" High High
gravity
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Fig. 2 Securable stroke relative to the number of overlaps

On the other hand, the slide rail structure (Type C)
allows the sliding mechanism to be arranged parallel
to the reaction actuator in the axial direction, thereby
facilitating a stroke with fewer sliding stages. In addition
to the slide rail structure (Type C), there is also a linear
bearing structure of different rail structures. A comparison
of both structures is presented in Fig. 3. The rail moves
relative to the fixed part via a rolling element in both
types. In the case of a linear bearing structure, a ball
circulation system is employed, allowing for the same
rail movement distance as that of a slide rail within the
limited length of the fixed part. However, shortening the
fixed part results in an increase in the overall length of
the rail part. When the number of balls between the fixed
part and moving part is equal, the linear bearing structure
(L1), which ensures the same stroke (red arrow) as that
of the slide rail structure (S), requires more space for
installation (black narrow dashed arrow) and has a more
extended space (black thick dashed arrow). Additionally,
the linear bearing structure (L2), which occupies the same
mounting space as the slide rail structure (S), results in a
shorter stroke. A linear bearing structure (L3), which has
the same projection amount as the slide rail structure (S),
also has a shorter stroke. Therefore, the slide rail structure
was selected due to its advantages in mounting space,
stroke, and extension space.

Space required

[1 Fixed part Stroke
Motion of balls | _--~_ Overhang
s SO ——>
[P—— S
Balls
Balls

i L1
e L2

)

i L3

Fig. 3 Comparison of recirculating linear ball bearing and
slide rails
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2. 3 Study of Motor and Reduction Gear Placement

A coaxial design with compact external dimensions
was selected for the reaction actuator (Fig. 4 (a)) to
avoid interference with brake components, including the
pedal, and to satisfy the requirements for maintaining
adequate leg room when the column is stowed. However,
since the test vehicle used for validation is not designed
to stow the SW, merely adopting a coaxial type for the
reaction actuator is insufficient to avoid interference with
brake components. For this reason, the coaxial reaction
actuator was offset to the left side of the vehicle satisfy
the requirements for avoiding interference with brake
components and ensuring leg space (Fig. 4 (b)). A timing
belt was used for torque transmission between the column
shaft and the reaction actuator.

Firewall ~_ Reaction actuator

L 1 Brake
(a) uié 1

L

Overlap Straight type

Offset Offset type

Fig. 4 Offset positioning of the actuator to avoid interference

2. 4 Study of the Slide Rail

Figure 5 illustrates the slide rail structure from the
perspective of the column shaft. Due to the requirement
for high rigidity and low sliding load in the slide rail, a
rolling guide with balls was employed, and the balls were
preloaded utilizing the elastic deformation of the rail.
The column moving part was guided by a main rail with
four points of contact, and a sub-rail with two-points of
contact in the vertical direction was arranged to support
rigidity of the column in the vertical direction.
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Main rail ; Sub rail ;

4-point contact

Fixed part

Moving part

2-poin\t contact /

Offset Column shaft

Reaction actuator shaft

Fig. 5 Structure of slide rails

FEM analysis was conducted using the configurations
shown in Fig. 6 to verify the effects of the sub-rail
rigidity. Table 2 shows the analysis results. When only
the main rail is used, the vertical SW support rigidity is
lower than in the horizontal direction. On the other hand,
when the sub-rail was added, the vertical SW support
rigidity became equivalent to that in the horizontal
direction.

Mounting points ; fixed Two elastic balls are spaced apart

in each groove of the rail overlaps

Column shaft

Displacement
in the same direction

Main rail as the load

Virtual parts ; rigid body Load ; four directions

Fig. 6 Setting for FEM analysis

Table 2 Results of FEM analysis for displacement relative
to target upper limit

Sub rail added

Main rail only

Load

direction

Up 370 40
Down 4601 310
Left 90 180
Right 250 220
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2. 5 Study of Feeding Mechanism

For the feeding mechanism that transports the
column moving part, a feed screw structure with a self-
locking function was adopted to reduce electric power
consumption at the stop position. A motor drives the feed
screw, and a feed nut transports the column moving part.

The column structure resulting from the above study is
shown in Fig. 7.

Column shaft
Moving part

Sub rail

Fixed part

Fig. 7 Structure of prototype column

3. Test Results

3. 1 Bench Rigidity Test Results

The prototype column is shown in Fig. 8. We also
produced a horizontally elongated SW for actual vehicle
validation. After confirming the operation of the sliding
mechanism, we measured the bending rigidity and
resonance frequency on a test bench.

Fig. 8 Prototype column and horizontally elongated SW

To measure bending rigidity, the column was fixed to
a surface plate in fully extended condition to simulate the
worst-case scenario. The rigidity was calculated from the
displacement when a load was applied to the end of the
column shaft in both the vertical and horizontal directions.
As shown in Fig. 9 and Fig. 10, total displacement under
load was 40% or less of the target upper limit, satisfying
the target.
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For resonance frequency, the column was fixed to the
plate in fully extended condition, and a measurement SW
attached to the column shaft was struck with an impulse
hammer. The vibration acceleration at that time was
found by FFT analysis.

The column has a higher center of gravity compared
to a structure where the reaction actuator is fixed to the
firewall side, however as shown in Fig. 11, there was
sufficient rigidity, and the resonance frequency was
comfortably above the target lower limit.

It was verified that this functional prototype achieves
both a stroke of 330 mm and the same or better SW
support rigidity compared to a current column.

3. 2 Actual Vehicle Validation Results

Following the bench rigidity test, the prototype column
was installed in the test vehicle and actual vehicle
validation was performed on a test course with full
consideration given to safety.

In order to check the SW support rigidity during
manual driving, slalom driving with the column in the
extended position was conducted and it displayed steering
and upper-body support equivalent to the current column.

Next, comfort was checked when the SW was stowed
for a driving situation simulating Level 4 autonomous
driving. As shown in Fig. 12, after switching from manual
driving to Level 4 autonomous driving and stowing the
SW inside the dashboard, the room was expanded and
comfort improved. Advances in pedal stowage and digital
cockpits are expected to further improve comfort in the
future.

The ease of entry/exit and comfort were also confirmed
when the SW was stowed in a parking situation. It was
confirmed that in comparison to an unstowed or a flip-
up type SW, it is easier to board the vehicle and be seated
when carrying a bag (Fig. 13 (a)), and easier to open a
bag and remove an item (Fig. 13 (b)). Based on this, SW
stowage is expected to improve convenience not only
during autonomous driving, but also when the vehicle is
parked, such as during BEV charging.

(a) Manual driving (b) Autonomous driving

Fig. 12 Validation of comfort during stowing
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(b) Removing an item from a bag

(a) Boarding with a bag

Fig. 13 Validation of boarding and comfort with a bag when
parked

Furthermore, company subjects test-drove the vehicle
and completed a questionnaire in order to gain input from
the user’s perspective. The subjects were 71 persons
recruited from outside the development department. 70%
were male and 30% were female. Before conducting the
test, we obtained review and approval by the company
ethics committee, and gained the informed consent of the
subjects.

The subjects first experienced boarding and exiting
when the SW was stowed. Next, they experienced manual
driving with the column in the extended state, and stowing
and extending the SW during driving that simulated Level
4 autonomous driving. After the test drive, the subjects
answered questions related to requirements of the stowage
function.

The questionnaire results are shown in Table 3. A high
percentage (85%) responded that they wanted a stowable
steering column. There were no significant differences in
age or gender among these positive respondents, however
the percentage who understood the convenience of
Adaptive Cruise Control (ACC) and who use it regularly
was high. It is expected that SW stowage will be required
in future vehicles where autonomous driving functions
can be used without any concern for safety. On the other
hand, the majority of those who responded that they were
unable to decide tended to be unfamiliar with driving
assistance technologies. It is possible that discomfort with
autonomous driving and other advanced technologies may
have interfered with positive responses regarding SW
stowage. Future improvements are also necessary because
the test subjects were employees from the same company
as the developers, and because a price was not presented.

Table 3 Result of questionnaire of need for stowage

function
age group N Disagree Undecided Agree
2000 29 14 0 140 860
3000 39 20 0 50 9500
400 49 22 0 270 730
5000 59 15 0 130 870
Total 71 0 150 850
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4. Conclusions

As there are expectations for the creation of a next-
generation cockpit using J-EPICS, in this report we
created a prototype of a stowable steering column
where the SW can be stored inside the dashboard during
autonomous driving or when parked. For this prototype,
we used an actual vehicle to confirm SW support rigidity
during manual driving and comfort in the driver’s seat
during autonomous driving. We will continue with
development giving full consideration to safety and
reliability in the future.

In this report, when installed in the test vehicle, we
adopted an offset arrangement to avoid interference with
brake components including the pedal. By using a vehicle
layout that anticipates SW storage from an ecarly stage
in vehicle development, it will be possible to propose
cockpits that will be appealing to customers.

*J-EPICS is a registered trademark of JTEKT
Corporation.
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