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Abstract. The paper presents the results of researches on the topological
structure and geometrical analysis of the planar mechanisms with articulated
bars, which are used for actuating the doors of cars. The main five types of car
doors with rotate movement (folding) are presented, being described both
as constructive structure and mode of operation, through suitable kinematic
schemes. Some innovative solutions for vehicle door actuating mechanisms
aim to use as little space as possible, which is beneficial for car parking. There
are three types of car door movements: rotation, sliding and planar rotational-
sliding. Most of the cars are equipped with folding doors, where the rotate
movement is limited and operates horizontally. Almost all sliding doors are
placed on the rear of the car (only for passengers, not for driver). Unlike rotate
doors, the sliding doors require a minimum lateral space, which is an advanta-
ge, especially in parking places. In the end of the paper, a kinematic analysis
of the canopy 4-bar mechanism has been performed, in order to increase the
passenger comfort on the access into the vehicle.

1. Introduction

The automotive market is dominated by conventional vehicle doors (fig. 3a) with only
one degree of mobility [1, 8], which represents a major discomfort for the passengers
[2, 7], especially to parking on a tight surface or on a steep terrain. For moderated
slopes, this issue specific for the vehicle doors has been overcome by means of using a
variable movement of the door [2, 13]. Through an actuating device, for instance an
electro-pneumatic actuator, the comfort and safety in operating the door can be
increased. Thus, a collision prevention system can be developed using obstacle
detection sensors. The use of multi-DOF (Degree Of Freedom) vehicle doors has been
proposed, allowing an improved comfort on the access into the vehicle.

In figure 1 three types of unconventional vehicle doors are presented.

Figure 1. Unconventional car doors (a — suicide, b — scissors, ¢ — gull wings) [11, 12]

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1



CAR-2017

IOP Publishing

IOP Conf. Series: Materials Science and Engineering 252 (2017) 012028 doi:10.1088/1757-899X/252/1/012028

2. The mechanism of the vehicle rotate door
The vehicle rotate door is mounted to the car body by means of some hinges (figure
2a) that are rotate kinematic joints, whose axis is usually vertical.

2.1. Vehicle rotate doors with vertical axis
The vehicle hinge is a rotate joint R single or double in car doors or, at least, double in
fright vehicle doors.

Figure 2. Photos [12] of two pairs of hinges (a) and
the kinematic schemes of two rotate joints (b)

The technical design solutions for hinges (figure 2a) vary a lot among manufacturers,
but the schematic representation of them is that of a rotate kinematic joint R (figure
2b). In reality, the hinge axis (Aa, A) is not strictly vertical (figure 25), the angle
formed with the vertical axis being small and measured in a transversal vertical plane
(figure 3a). Anyway, they are considered with vertical axis — figure 3a.

Figure 3. Conventional vehicle rotate doors [11, 12] with vertical axis hinges (@)
and front vehicle rotate door with inclined axis hinges ()

2.2. Vehicle rotate doors with longitudinal-horizontal axis

In this case the vehicle door rotates by 90° in a transversal-vertical plane, around a
horizontal axis of longitudinal direction (figure 4). Usually, this design solution is
used to some coupe and sport vehicles (figure 4a) or only to the rear doors of some
passenger cars (figure 4b).
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Figure 4. Doors [12] with horizontal axis, type gull wings: “coupe” (a) and at rear ()

In order to maintain open the vehicle door, one or two devices type gas dampers are
used (figure 4, 5).
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Figure 5. The vehicle door mechanism in open (a) and closed (b) positions

The rotate joint A is the symbolic representation of the vehicle door hinge, whose
rotate axis is horizontal, in longitudinal position related to the vehicle body (figure 5).
In the open position of the door (figure 5a) the damper (piston 2 and cylinder 3) is in
vertical position, and in the closed position of the door (figure 5b) the damper end up
horizontally along a transversal direction.

Note that the damper has the actuator role due to the fluid pressure in cylinder 3, and
its structure is a kinematic chain type dyad (0, 1, 2 and 3) with a structure RTR (figure
5a).

2.3. Vehicle rotate doors with inclined axis
Some of these vehicle doors have only a single hinge, whose axis is in a longitudinal-
vertical plane (figure 6b), the inclining angle being about 45°.

Figure 6. Photos [11] of the vehicle rotate doors with inclined axis, type butterfly:
“coupe” (a) and “sedan”, at rear (b)
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The vehicle door hinge makes the connection between the body 0 and the door 1,
being graphically represented as a kinematic rotate joint R(0,1), whose axis is denoted
with Ax (figure 6a) or Ag (figure 6b).

The inclined position of the hinge axis allows the rotation of the door in an inclined
plane, this advantage permitting the passenger to get in/out the vehicle more easily in
a narrow lateral space between the two parked vehicles (figure 6a).

2.4. Vehicle rotate doors in a longitudinal-vertical plane

These vehicle doors rotate by maximum 60° (figure 7) in a longitudinal-vertical plane,
having a horizontal rotate axis on a transversal direction with respect to the body.

The rotate angle of the door appears in a real dimension in a longitudinal plane (figure
7b), in respect of which the rotate axis is perpendicular.

Figure 7. Photos [ 12] with rotate doors in a longitudinal-vertical plane, type scissors:
front/rear (a) and only in front ()

In the case of actuating the vehicle door for opening, first the door performs a sliding
motion toward outside (figure 8a), along a transversal direction, then the rotate motion
in a longitudinal plane completes the task.
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Figure 8. The scheme of the open kinematic chain LC(0+1+2) [1]:
T+R for opening (a) and R+T for closing ()

The kinematic element 1 slides on the cylinder surface of the vehicle body 0, moving
along with the door 2 by s;9 in respect of a transversal direction Az; (figure 8).

When the vehicle door 2 is closing, first the door rotates by ¢2; in a counter clockwise
direction (figure 8b), and then it slides by s along the axis A,;.

Note that in order to open both the vehicle doors on the same side (figure 7a), the front
door (AAy) must slide more than the rear door (BBy), as it can be observed in figure 9.
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Figure 9. The kinematic scheme of the two same-side vehicle doors in open position
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2.5. Vehicle rotate doors in a transversal plane

This type of vehicle door has a curved shape, having a cylindrical outer surface (figure
10), which it allows to roll into a circular guide under the body floor.

Note that these doors have no hinges, the opening/closing movement being performed
through rotation in a transversal-vertical plane.

Figure 10. Photos [11] of vehicle rotate door in two positions of closing phase

Note that the outer of the vehicle door is a cylindrical surface as the car side body is.
Before the beginning of the door opening, its window lowers in the bottom (open)
position. The rotation of the vehicle door is performed by means of an actuation
electric system. The disadvantage of this kind of door is that it occupies too much
room from vehicle inner space, but the advantage is obviously in parking places.

3. The vehicle sliding doors

These vehicle sliding doors are placed in front (figure 11 - coupe) and at rear (station
wagon), being guided by means of longitudinal-horizontal slots.

Usually, the guiding slots are positioned at top, bottom and middle parts of the vehicle
body.

—

Figure 11. Photo [11] of a vehicle sliding door

If the actuating of the vehicle sliding door is often and the driver is not willing to get
out every time, the using of an electric adjusting mechanism is recommended [3]. The
door opening is frequent when the vehicle, for instance a minibus, is used for urban
passenger transportation, or a city van which delivers goods has the sliding door on
the opposite side of the vehicle regarding the driver’s seat, and the driver has to
remain at steering wheel all the time. Since the vehicle rotate door can be actuated
pneumatically, the sliding door is more suitable to be driven electrically. The
opening/closing mechanism of the vehicle sliding door is using a cable as the driving
component (figure 12).
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Figure 12. Kinematic scheme of the cable mechanism for actuating the sliding door



CAR-2017

IOP Publishing

IOP Conlf. Series: Materials Science and Engineering 252 (2017) 012028 doi:10.1088/1757-899X/252/1/012028

The mechanism actuation is performed by an electric motor which drives the reel 1 as
driving element, on which the cable 5 is reeled having two branches tensioned with
the forces Ti and T» (figure 12). The pulleys 2, 3, 4 and the others are assembled on
the body 0, and the cable ends are fixed on the sliding door in the points C; and Co.
When the reel 1 rotates in counter clockwise, the branch tensioned with the force T
(by the point C;) moves the door 6 to the right for opening, or when the reel 1 rotates
in clockwise, the branch T linked to point C; drives the door 6 to the left for closing.

4. Articulated planar mechanisms used as hinges

4.1. The four-bar mechanism

The four-bar mechanism is used to lift/lower the vehicle roof which forms a single
piece along with the doors and the windshield, named “cano%)y roof” (figure 13).
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Figure 13. Photos [11] of the canopy sport cars with a double 4-bar mechanism

Early mechanism was an articulated parallelogram (figure 13a), the roof performing a
circular sliding motion. Late-on the linkage became a general four-bar mechanism
(figure 13b) which allows a planar rotational-sliding movement of the canopy roof.

The four-bar mechanism is type planar linkage A)ABBy (figure 14), on which the
coupler 2 (AB) forms a rigid part along with the canopy roof.

Figure 14. Four-bar mechanism [1, 5] - general case (a) and type parallelogram (b)

The fixed articulations Ao and Bo belong to the vehicle body, and about which the
rockers 1 and 3 rotate by the angles @12 and 12 in a vertical plane (figure 14a). In the
particular case of the parallelogram mechanism (figure 145) the coupler 2 performs a
circular sliding motion alongside of the circle arcs AjA, and B B,. Actually, the four-
bar mechanism (figure 15) is double, having the rockers 1 and 3 dephased in a
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Figure 15. Parallelogram mechanism scheme - side view (a) and transversal view (b)
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4.2. The bi-contour mechanism (Watt)

The Watt mechanism is an articulated planar linkage [1, 5] with two closed contours
(figure 16a) and it is obtained by amplification of the 4-bar mechanism AjABB, with
a kinematic chain type dyad LD(4,5) (figure 16b).

= a b
Figure 16. Photo of the Watt mechanism (a) and its kinematic scheme (b)

5. Kinematics of the Canopy 4-bar mechanism

In figure 17 a computer program for calculation of the kinematics of canopy 4-bar
mechanism is displayed. The TurboPascal 6.0 software for developing the
programming source file has been used.

B CANOPY - Notepad
File Edit Format Yiew Help

program mec_RRR; {Kinematics of mechanism type canopy for nl=10 rpm !}
uses crt;
const 11=0.2;12=0.6;13=0.35; 10=0.6; 10p=0. 2; xB0=0. 6; yB0=-0. 2}
var A2,B2,c2,t21,t22,f121,f122,43,B3,C3,t31,t32,fi21,f132 real;
fil,oml, f12, 13, om2, om3, ep2, ep3, uireal;
%xB, B, x4, yAireal;
i 1nteger’ frtext;
function rgou: r‘ea'\j real;
begin rog: —u‘flSO/pw end;
function griuireall:real;
hegin gr.:u*p'l/lSO, end;

begin
assignof, 'DC2_3).7st"); rewrite(f);

oml:=¢10%pil 20;

write'ln(Fg;
writeln(f, ' TAELE ©F RESULTS - D2 _3) 2
writeln(f, ' T
writelntf, ' fil fiz om2 ep2 fi3 om3 ep3 iR
w,—-nE'\n(f B LR T

for 1:=0 to 36 do
begin
fil: (1"p1)/
A2r=2w 12“('\1"c05(ﬁl) 107);
:72"12"('\1“51n(ﬁlj+10 B e
2¥11% 1 0p*sin(fil)- 'IO‘“CDS(F‘ll))Jrsqr('Il)+sqr('|2) sqrl3d+sgrlad+sgrlop);
=(-B2+sgrt(sgqr{a2)+sgriB2)-sqr(C2) )/ (C2-A2
—B2-sgrt{sgr A )+sgriB2) - sqr(cz)))/(cZ—AZ),
'F121 =2%arcTanft2l);
fizz2: —2“Ar"cTan(t22),
fiz2:=Fi22+2%pi;
3 =2%13%(10-T1%cos(Fill);
3i=—2%13%(10p+11¥%sdin(fil0);
C3 =2¥11¥Clop¥sin(fil)- 10“cos(f11))+sqr‘('ll) sor C12045gr (13)+sgr100+sgr C10p);
T3li=(-B3+sgrr{sgria3)+sgr(B3l-sgr(C3) )/ (C3-A3];

< | >

Figure 17. Canopy 4-bar mechanism software for kinematic calculation

As it can be observed in figure above, a programming loop for the calculation of
displacement, velocity and acceleration of the vehicle roof has been compiled and ran.
Due to the fact that the velocity of actuating the canopy roof is low (10 rpm), it is
shown only the angular displacement of the car roof (¢» — link 2, fig. 14a) in figure 18.
As it can be observed in figure 18, the range of canopy roof angular displacement is
about 40° from the closed position to the maximum open position. This means that the
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Angular displacement of the car roof
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Figure 18. Variation of the angular displacement of the canopy roof

mechanism offers a pretty good comfort for the passenger to enter into the car. Yet,
there is still some discomfort comparing to the classical rotate door with vertical axis.
The greater is this angle, the better comfort it offers.

6. Conclusions

The most used types of vehicle doors are with rotate motion (hinges). Yet, the sliding
doors are more and more present in passenger cars, not only in minibuses and vans.
Following this idea, the paper presents the main five types of vehicle doors with rotate
motion, the sliding door and, in the end, two linkage types used as door hinges. Some
of the solutions are designed to save as much space as possible in narrow parking
places. The sliding doors are the best from this point of view, but the disadvantages of
them are the low safety, poor maneuvering and reliability, and the high-cost.

The paper ends with the developing of software for kinematic analysis of the 4-bar
mechanism used in Canopy sport cars. It can be used in optimizing the angle of
canopy roof for increasing the comfort when the passengers get in/out the car.
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