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Abstract : The center of gravity on vehicle is a fundamentally important point for assessing and measuring the
characteristics of vehicle dynamics. Especially, the center of gravity height on vehicles is the closest factor with respect
to rollover accidents in a social issue nowadays. In this paper, the center of gravity height in conjunction with vehicle
parameters of vehicle weight, driving axle and roof height after measured by vehicle weight and loading location by
means of VCGM developed by KATRI with good performance that the accuracy was less than 0.6% and repeatability
0.3% for vehicles being used in the whole world was observed. As a result of study, the location of center of gravity
height on vehicle was able to be estimated with only roof height on vehicle.
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Fig. 1 The incidence of single vehicle crash&rollover crash
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Fig. 3 Vehicle center of gravity location
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Fig. 4 Schematic of VCGM System
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Photo. 1 VCGM system

Table 1 VCGM configuration and Spec.

Classification

Contents
+ Permissible Load : 2,000kg
- Accuracy > 0.1%), 4EA
+ L6,000mmxW2,400mmxH20mm
+ Material : AL 6061-T6
- Weight : 1706.4kg
- Screw type power cylinder
- Lifting Weight : 5,000kg
+ Stroke : 500mm
- Working range : +45°
+ Accuracy > 0.02°
+ Working range : 50mm
+ Resolution : 0.008mm

Vehicle weight
station

Pendulum and
platform

Platform lift

Inclinometer

Vehicle motion
transducer

Vehicle restraint

. vehicle screw Jack, circular pad
device

+ L2,500xW1,800mm>xH706mm

Calibration fixture - Weight : 1,030kg
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Fig. 6 Distribution of vehicle C. G. H measured by NHTSA
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Photo. 2 C.G.H measurement for calibration fixture by gra-
vity method

Table 2 C.G.H on calibration fixture

Propert Theoretical Measured by gravity
pery (mm) method (mm)
Center (?f gravity 617.22 o1
height

VCGMA|2=®l9] A8 (Accuracy) 2 HHE =
1o -

171 9131 VCGM S ©]-8-3}2]

3|4 233 WE =A 5 4

(repeatabﬂity)E Hs
WG| ES -5 72

%
}+= Table 33} 2.

Table 3 C.G.H on the calibration fixture measured by VCGM

Measurment | Run Ap]?lied Platform Vehi.de C.GH

o, o, weight angle(°) motion (mm)
(kg,Wa) (mm)

1 30.0 3.00 1.556 614.12

2 60.0 591 3.435 616.74

1 3 30.0 -3.00 -1.622 | 613.05

4 60.0 -5.90 -3.532 | 612.90

C.GH 614.20

1 30.0 3.00 1.601 613.26

2 60.0 5.90 3.288 615.26

2 3 30.0 -3.01 -1.596 | 618.95

4 60.0 -5.90 -3.283 | 615.31

C.GH 615.70

1 30.0 3.00 1.486 615.47

2 60.0 5.90 3.222 615.90

3 3 30.0 -3.01 -1.701 | 616.95

4 60.0 -5.90 -3.429 | 613.90

C.G.H 615.56

Average C.G.H 615.15
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Table 4 Performance of VCGM system

M Result of C.G.H(mm) Performance(%)
eas. -
method Measurement Average D<?V1— Accur- Ref??at—
value ation | acy | ability
. Left | 614
Gravity — 611.5
Right | 609
1 Run | 614.20 3.7 0.6 0.2
VCGM |2 Run | 615.70 | 615.2
3 Run | 615.56
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Photo. 3 Measurement of C.G.H in VCGM system

Table 5 Specification of test vehicle released by NHTSA

Track | Roof heel-
Vehicle [ Weight Wriillcth we(i);)ht V\;az: Drive coH
Mm.Y) | (ke) (mm)

(mm) | (mm) | (mm)

Toyota
highlaner | 1,915 | 1,565 | 1,735 | 2,715 |4WD |639.57
(2005)

Table 6 C.G.H on the test vehicle released by NHTSA

Run Applied | Platform Vehicle C.GH
no. | weight(kg) | angle(®) | motion(mm) (mm)
1 30.0 2.79 1.762 641.48
2 60.0 5.52 4.093 641.57
3 30.0 2.7 -1.569 638.33
4 60.0 -5.56 -5.029 639.22
Average C.G.H 640.15

FE A F A ol 9F VCGM A 2288 o] g-3}o] =74
St A FFAF A ol & vl alshe] Bkt

b AT A ol & vlaLshy] 918l S48 Al Y
18- Table 59} 7t}

4. EXZnt 9l nEt

4.1 AEelxd 2

B Lol A 199913 2] FE] 20093 2] 714] SUV
12, VAN 5tH, SEDAN 11, TRUCK 3t} 5 - 31
1S VCGM & o] 4-51e] A 8ak 2 a5 A 54 o),
$7, AAEo] 58 Ao I AR =
7HKNCAP)ol A AB-orAdA77FE o7 AL-45
L 9l A E Y AAKSSF)E AFE AT Table
792] A2 F A 2 oA A E T Y= 25
APAEH 7HKNCAP) A EQHA A 714 & of A
=5 20053 5] 200813714 ©] 3 7}p}ake] H)o]
=2 - okelel Ak 4 =4
S Zom, o) Fujglol A AlAF L gl
AP s 7ot st

2z

L ?‘5]——0‘]-_]—_7 9}

Transactions of the Korean Society of Automotive Engineers, Vol. 18, No. 5, 2010 95



- A 2AL 33 Efo] o 87| S 3 E
2

- TR S AP E A R 50% BFA(=74kg)
Table 7 Test vehicle
Maker Vehicle Vehicle model REMARK
type
KIA SUV SPORTAGE
HYUNDAI SUV TUCSON KNCAP
SSANGYONG | SUV KORANDO
HYUNDAI SUV TERRACAN
SSANGYONG | SUV KYRON KNCAP
HYUNDAI SUV SNATAFE 2WD KNCAP
HYUNDAI SUV SANTAFE 4WD
TOYOTA SUV HIGHLANDER
HONDA SUV PILOT
KIA SUV SORENTO
OPEL SUV CAPITIVA
VW SUV TOUREG
GMDAEWOO | SUV WINDSTOM
KIA VAN CARENS
KIA VAN NEW CARENS
HYUNDAI VAN STAREX KNCAP
SSANGYONG | VAN RODIUS KNCAP
KIA VAN | GRAND CANIVAL | KNCAP
GMDAEWOO | SEDAN MATIZ
HYUNDAI | SEDAN CLICK
RENAULT-
SAMSUNG SEDAN SM5 KNCAP
HYUNDAI | SEDAN EQUUS
GMDAEWOO | SEDAN GENTRA
GMDAEWOO | SEDAN TOSCA
KIA SEDAN PRIDE
HYUNDAI | SEDAN | GRANDEUR TG
HYUNDAI SEDAN VERNA
KIA SEDAN LOTZE
TOYOTA SEDAN CAMRY
GMDAEWOO | TRUCK LABO
HYUNDAI | TRUCK LIBERO
SSANGYONG | TRUCK | MUSSO PICKUP
HYUNDAI | TRUCK PORTERII KNCAP
KIA TRUCK BONGOII KNCAP
HYUNDAI VAN GRAND STAREX | KNCAP
KIA SUV MOHABI KNCAP
SSANGYONG | SUV ACTYON KNCAP
HONDA SUV CR-V KNCAP
RENAULT-
SAMSUNG SUV QM5 KNCAP
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Table 8 Tested vehicle used in c.g measurement

Maker Vehicle Vehicle model remark*®/
type
HYUNDAI| SUV TUCSON  |1,2,3
HONDA Suv PILOT 1,2,3
KIA NAY SORENTO |1,2,3
VW Suv TOUREG (1,23
HYUNDAI| SUV SANTA FE |1,2,3,4WD, 2.2DSL
KIA VAN |NEW CARENS |1,2,3
TOYOTA |SEDAN CAMRY 1,2,3
OPEL SUv ANTARA |1,3,4,4WD, 2.0DSL
OPEL N ANTARA |1,3,4,4WD, 3.2DOHC
OPEL Suv ANTARA |1,3,4,4WD, 2.4DOHC
OPEL SUV CAPTIVA 1,3,4,2WD, 2.0DSL
OPEL SUv CAPTIVA  |1,3,4,4WD, 2.0DSL
OPEL Suv CAPTIVA  |1,2,4,2WD, 2.4DOHC
OPEL N CAPTIVA  |1,3,4,4WD, 3.2DOHC

*/ 1-CVW, 2- lcondition +Hybrid 50% tile, 3- 2condition+water
dummy(73kg) 4 units, 4- 3condition+roof rack( = 100kg)

71200 oF 73kge] Y B F])(Water dummy) 2
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Photo. 4 Roof loading
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APPENDIX

A Experimental Study on the Measurement and Estimation of Vehicle Center of Gravity

The Spec. and Measured Values of Test Vehicle

. . . Center gravity
Test vehicle Weight Wheelbase | Track width | Roof height dir ydit dic SSF
(kg) (mm) (mm) (mm) (mm) (mm) (mm)

LABO 807 1,831 1,219 1,749 719 -48 596 1.02
MATIZ 930 2,342 1,287 1,509 876 -26 560 1.15
CLICK 1,215 2,455 1,445 1,502 899 -18 560 1.29
CARENS 1,495 2,551 1,473 1,551 1,109 -26 541 1.36
NEW CARENS 1,664 2,704 1,569 1,648 1,144 -26 592 1.33
SM35 1,566 2,778 1,536 1,484 1,089 27 540 1.42
SPORTAGE 1,671 2,633 1,542 1,688 1,010 -20 642 1.20
TUCSON 1,679 2,630 1,550 1,713 1,020 -19 633 1.22
KORANDO 1,761 2,480 1,517 1,827 1,153 -16 677 1.12
LIBERO 1,958 3,288 1,491 1,883 1,387 -34 655 1.14
MUSSO PICKUP 2,003 2,761 1,521 1,726 1,260 -19 652 1.17
TERRACAN 2,008 2,750 1,533 1,772 1,408 -33 667 1.15
EQUUS 2,070 2,844 1,618 1,488 1,127 27 568 1.42
STAREX 2,176 1,950 1,561 2,086 1,383 -35 731 1.07
RODIUS 2,243 2,993 1,590 1,823 1,397 -30 666 1.19
GRAND CANIVAL 2,302 3,023 1,686 1,762 1,271 -37 648 1.30
KYRON 1,957 2,746 1,571 1,722 1,276 -38 713 1.10
GENTRA 1,196 2,484 1,446 1,503 997 -31 556 1.30
TOSCA 1,593 2,693 1,546 1,475 1,099 -28 550 1.41
PRIDE 1,288 2,500 1,480 1,476 891 -29 541 1.37
GRANDEUR TG 1,700 2,676 1,576 1,491 1,066 -33 553 1.42
VERNA 1,204 2,500 1,462 1,475 928 -36 537 1.36
LOTZE 1,502 2,727 1,561 1,472 1,077 -23 538 1.45
SNATAFE 2WD 1,978 2,705 1,620 1,719 1,128 -25 651 1.24
SANTAFE 4WD 2,013 2,699 1,619 1,714 1,083 -30 640 1.26
HIGHLANDER 1,915 2,716 1,567 1,719 1,312 -24 640 1.22
CAMRY 1,669 2,767 1,574 1,455 1,088 -24 552 1.43
PILOT 2,104 2,698 1,692 1,737 1,214 31 644 131
SORENTO 2,110 2,708 1,579 1,705 1,217 -20 677 1.17
CAPITIVA 1,826 2,702 1,568 1,733 1,176 -26 639 1.23
TOUREG 2,414 2,851 1,652 1,671 1,372 -14 621 1.33
WINDSTOM 1,875 2,700 1,573 1,714 1,127 -25 616 1.28
PORTER2 1,827 2,636 1,408 1,930 1,033 -27 652 1.08
BONGO3 1,801 2,616 1,417 1,977 956 -8 681 1.04
GRAND STAREX 2,347 3,205 1,617 1,928 1435 -32 727 1.11
MOHABI 2,135 2,901 1,628 1,735 1,314 -26 687 1.18
ACTYON 1,898 2,749 1,574 1,740 1,225 -34 659 1.19
CR-V 1,597 2,629 1,569 1,680 1,098 -28 625 1.26
QM5 1,775 2,694 1,547 1,708 1,031 20 633 1.22
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