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Power-Assisted Door for a Passenger Vehicle
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Abstract: SD (Smart Door) is a human friendly power-assisted door system initially targeted for passenger car doors. The Smart
Door offers comfort and safety to passengers or/and drivers by supplying additional power. Amount of power supplied by the
Smart Door system is depend on the environment where the automotive is situated. It realizes comfort, for example, when the
force applied by the passenger to the door is expected to be abnormal, the SD system tries to compensate passenger's effort by
supplying additional force. In this study, to enhance the ease of opening and closing the doors of the passenger vehicle, a
Smart Door with a power assist mechanism consisting of a motor was developed and analysed. A power assist mechanism
mounted within the vehicle’s door is designed and modeled for simulation purpose. The required force necessary to control the
designed mechanism during the vehicle’s roll, pitch and the opening angle of the door has been considered. To this end, we
propose a power-assisting control strategy called "gravity cancellation". The system is analysed by numerical simulation with the

gravity cancellation control algorithm.

Keywords: smart door, power-assist, passenger vehicle door, safety, gravity cancellation
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Fig. 1. Guide bar and actuator.
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Fig. 3. Weight and vectors described in door fixed coordinate.
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Table 1. System parameters.

parameter value
m 28kg
b I.Im
Ty 0.6m
c 0

€ 50mm
€y 65mm

Force required to hold for (phi_x, phi_v)=(E, -S1degs

100 4

50
Force [M]

-50

D 02 04 06 08 1 12

Daar open angle [rad]
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Fig. 4. Force required to hold the door for various door open
angle for ¢, =5, ¢, =—5"
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Fig. 5. Actuator schematic.

2. AFolole BT ST Fulprhol

Foke th e Ao} helel thshA SiFelolelst Arht
FU @ FB OB e Axolth ATE 9%
oAole Foks v} wE B ol tid £ AL Fuksol
we} WEse thew) Lo AESE B9Y 5 vk

) _ F(]UJ)

Gljw F ) (11

dFololHe] Fu s tFHXA dFoolHe Y
3o uk

< WA gor &% I3} BASHA Fethe =
75 AAsA
A

sz A8H mEE AN 44 7 F 9
2v A ZElolH 4 gl 44718 oef &
) Hel steeles 4849 12v

I wEe e Asasn 1 e 20 A
slgick. 19 so) HHE AFololee] $EURAL fu=
3o} the ) o] Aed.

(z
w

da)m _ K;) _ Ra 0
dt L(l L(I W,
— m 1
i, ek [Z HLEa w
dt T !
|y | [wn
F=10 - ; 13)
P a
A7 g =moR ANEE A% 4F A7) ®
® 2 5ol etrlE.
Table 2. Actuator parameters.
parameter value
L, ImH
R, 0502
K 0.036 Nm/A
K, 0.036 V/rad/s
T, 0.0lm
m, 200g
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Bandwidth of Actuator
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Fig. 6. Bandwidth of the DC motor actuator.
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Fig. 7. Schematic of power-assisted door.
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Table 3. Hard-stop model parameters.

parameter value
ks 1< 10* Nm/rad
Crs 5> 10" Nm/rad/s
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Fig. 9. Door hard-stop model containing Coulomb friction.
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