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The difficulties in opening and closing a sport utility vehicle (SUV) tailgate is important aspect of JD (James David) power’s
Initial Quality Survey (IQS) assessment, and affective quality has a big impact on the the success of thesedays products. The
purpose of this study is to evaluate the perceived difficulty and satisfaction of customers by the opening and closing of the
tailgate and to grasp the relationship between them and the opening and closing reaction force. The mechanical force required
to open and close 42 domestic and overseas SUV tailgates was measured with the help of an auto company. In the experiment,
100 male drivers in their 20s to 50s evaluated perceived difficulty and satisfaction with opening and closing the tailgate. The
results of the analysis showed that perceived difficulty and satisfaction were statistically different depending on the vehicle, but
did not depend on the personal characteristics of the participants. The perceived difficulty and satisfaction regression model of
tailgate opening and closing was developed by mechanical force variables and had a relatively high adjusted R’ ranging from
0.62 to 0.73. The models showed that the the initial close and open force, the difference between initial and maximum close
force and the difference between initial and auto-fall angle should be small for the low perceived exertion and high satisfaction.
In addition, the correlation analysis between IQS score of tailages and perceived difficulty and satisfaction showed that the 1QS
scores were more related to the perceived difficulty and satisfaction of closing than those of opening. The results of the study
will be helpful to design and test mechanical open and close structure of SUV tailgates.
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<Table 1> Demographics of Participant Sample

Variable Category Count
21~30 16
Age 31~40 45
41~50 28
51~60 11
1 <DE <2 1
DE* 2 <DE<6 15
6 < DE 84
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{(Table 2> Distribution of SUVs for Experiment

Group 1 Group 2 Group 3
Maker Model Maker Model Maker Model
Luxury E]O\ED ?é{}]}\(})é%l{ TOYOTA SIENNA TOYOTA 4-RUNNER
KIA MOHAVE HYUNDAI VERACRUZ KIA CARNIVAL
BMW X-5 El\,I(I)SSSFA IISI?GGP?LF;%NDER FORD FREESTYLE
VOLVO XC-90 NISSAN MURANO
Large HONDA CR-V
AUDI Q5 PEUGEOT 4007 HONDA PILOT
HYUNDAI SANTAFE KIA SORENTO R CHEVROLET EQUINOX
CHRYSLER COMPASS V.wW TIGUAN ﬁgII\IS\IELT 8Il§]/;§gD§)CENIC
TOYOTA COROLLA VERSO | FORD KUGA MAZDA MAZDA §
Mid OPEL ZAFIRA CITROEN PICASSO C4 VW TOURAN
NISSAN QASHQAI RENAULT QM5 KIA SPORTAGE
KIA SPORTAGE R HYUNDAI TUSAN ix HYUNDAI TUSAN
Small DAIHATSU TANTO SUZUKI SX-4 TOYOTA URBAN CRUISER
ma SUZUKI PALETTE CITROEN C3 HYUNDAI SOUL
6.00 10
5 — F;
% A Initial closing force — g ?
S+ oo = g
7  Initial closing force
3 00 Auto-fall y
angle &
5
1,-5” 190 : 30.0 400 300 600 0.0 $0.0 900 4
ra 1 . Degree(") 3
-2.00 Auto-rise
! angle 2 / Auto-fall angle
400 ; :
. Initial opening force 4,100 90 80 70 6 50 40 30 20 10 0o -10
6.00

<Figure 1> Characteristic Curve of Opening and Closing
Tailgate
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<Figure 3> Measured Characteristic Curve Example of
Opening Tailgate
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<Figure 2> Measured Characteristic Curve Example of
Closing Tailgate
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<Table 3> Number of Participants by Evaluation Group

and Age
Age
Total
20's | 30's | 40's | 50's
| Observed 9 13 14 3 39
Expected 6.2 17.6 10.9 43 39
Observed 2 14 6 2 24
Group | 2
Expected 3.8 10.8 6.7 2.6 24
; Observed 5 18 8 6 37
Expected 5.9 16.7 10.4 4.1 37
Observed 16 45 28 11 100
Total
Expected 16 45 28 11 100
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<Table 4> Effect of Participant Characteristic on RPE and Satisfaction

Open Close
Factor RPE Satisfaction RPE Satisfaction

F o F o F D F D
Age 1.76 0.25 0.88 0.50 2.79 0.13 2.35 0.17
AgexVehicle 0.78 0.96 0.84 0.88 1.11 0.21 1.12 0.18
DE’ 1.63 0.27 0.31 0.75 4.02 0.08 2.65 0.15
DExVehicle 0.85 0.83 0.64 0.99 0.8 091 0.78 0.94
FU 0.50 0.69 1.32 0.34 1.06 0.42 0.79 0.54
FUxVehicle 0.96 0.59 1.06 0.31 0.89 0.77 1.25 0.06
DI’ 0.54 0.51 0.41 0.57 1.21 0.35 0.79 0.43
DIxVehicle 0.75 0.92 1.24 0.72 0.88 0.74 1.36 0.07
Height 0.59 0.67 0.80 0.56 0.29 0.87 0.51 0.72
HeightxVehicle 0.52 0.99 0.74 0.99 0.82 0.93 0.87 0.85
Weight 0.08 0.97 0.28 0.84 0.67 0.59 0.72 0.56
WeightxVehicle 0.51 0.99 0.75 0.99 0.81 0.96 0.77 0.98

DE : Driving xperience, °FU : Frequency of tailgate use, ‘DI :

Discomfort experience.
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<Table 5> Effect of Vehicle on RPE and Satisfaction

Open Close
Factor - - - -
RPE Satisfaction RPE Satisfaction
F p F p F p F p
Vehicle 11.40 < 0.0001 11.41 < 0.0001 14.07 < 0.0001 12.11 < 0.0001
Group 14.22 0.052 12.22 0.064 0.93 0.51 0.47 0.68
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{Table 6> RPE and Satisfaction Regression Model
Dependent variable Predict variable Adj-R? Séaoneﬂzg‘i’;ﬁd t p | Durbin-Watson | VIF
Open RPE Initial open force 0.73 0.86 8.96 < 0.001 1.44 -
Open satisfaction Initial open force 0.71 -0.85 -8.68 < 0.001 1.70 -
Initial close force 0.56 5.70 < 0.001 1.01
Close RPE Max-initial force 0.71 0.55 5.33 < 0.001 1.64 1.11
Initial-auto drop angle 0.31 3.07 0.005 1.11
Initial close force -0.57 -5.08 < 0.001 1.01
Close satisfaction Max-initial force 0.62 -0.35 -3.03 0.005 1.76 1.11
Initial-auto drop angle -0.43 372 0.001 1.11
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<Table 7> Correlation of RPE and Satisfaction with IQS

Open Open Close Close
RPE | Satisfaction | RPE | satisfaction
Pearson’s r 0.47 -0.44 0.77 -0.82
p 0.02 0.03 0.001 0.0003
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<Table 8> Correlation of Evaluation Factor with RPE and Satisfaction

Spearman’s p Force Duration Velocity Posture Handle
Open RPE 0.72 0.62 -0.30 -0.44 -0.44
Open satisfaction -0.62 -0.55 0.35 0.50 0.50
Close RPE 0.70 0.61 -0.47 -0.56 -0.43
Close satisfaction -0.66 -0.58 0.45 0.63 0.52

All correlation coefficient is significant at o = 0.01
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