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Characteristics of the Rollover Critical Speed of a Trailer Equipped
with a Tilting System

Tae-Gun Jeong
Department of Mechanical Engineering, Konkuk University
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Abstract Rollover is a major concern for vehicles with a higher center of gravity and for improving driving
performance. This study investigates a tilting system to prevent rollover, which was successfully implemented for
high-speed trains. It may be useful to apply the concept of the tilting system to a large truck such as a trailer. Even
a small adjustment in the tilting angle can improve the driving stability during a steep turn. The equation of motion
was derived from a dynamic model of the trailer with the tilting system. The balance of the centrifugal force and
normal force determines the rollover critical speed for a given radius of the turn and load. To obtain a more
conservative criterion, the rollover critical state was defined as the instant when any side wheel loses contact with
the road. To actuate the tilting system, the optimal tilting angle must be calculated from the steering angle and the
vehicle speed. Using a simplified model of a large truck, the effects of the tilting angle and load on the rollover
critical speed were investigated.

Keywords : Driving Stability, Radius of Turn, Rollover Crirical Speed, Steering Angle, Tilting Angle
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Fig. 2. Free body diagram of a large truck

66

FAE £ o) 20 AAE Q4 A 9
gto] A7)el Zom Weke vl 3,
Fo mrvz N 7er1)2 1
oc R R ( )
o, 7 wake F& 2L )
m v? m v’ w,
Y o)) =[5 m, +m )] (2)

21 ()14 Y >0 o A
A3} w2 o 5alA He Ade AEAT. bep 9
o ZAL WENE Ao SES ARPASE 1, 2 4
sk 4 37 2k

RVK(mv-ﬁ-me)g

V= Q(HL,mU + Hcm(,) 3)

3.3 TM FA| 2 Rtz MEUMLS

Fig. 3% A A3 28 283 #5072 ThE uo

H+E Fig. 29Jr SYsith ool g RAETL g o

2y 2FL Fig. 39 AHEAE] AdeE fA )
H,=H,~H, *
H = H,+ Hygos0 ®)
W
w,= TﬁL}]bsinH 6)
2
ULU m, v
S, = (8] =)+ (H, )] = [ m, g+ W] (7)
A (7yelA ZM >0 o] e FAFA 0] FAF
Ak w2 o] EahAl HH Ak AR gepy &
AL wEAe AAHES ARYASE v o2} Ao
aw 2 (8)3 2tk

Fig. 3. FBD of a large truck with tilting system



N 11
% s T T
™ T o T o= M —. o9 %
Y  Riziz N Es S
=) KT g N < T KN BEE o
N o ~~ © 1 _ - oy _ g = -~ o N T
— XX . o w© ~ Mﬂ‘l&l o Og) J o _
IS Anol?iﬁqmm = N Aaoﬂﬂomoluxmwm,mﬁmﬂ — o s ﬂo
ﬂo W%Mﬁﬂem&mﬂveHb %wm Mﬂmuﬂ%%mﬁwﬂmﬂﬁﬂ\m] = < o & mo
of <P =N — —_ o . - ey Fm,ao N ,ﬂﬂ]ﬂﬂ/ﬂ% 5
Eox ngo%%ﬁa)ﬂq_ o ] %Lﬂwﬁh%mmgwiﬂ TINE
oy M = ° YT = = i 10d o I ,U&,ﬂ T W o B 5
e o 4 4 gy - = 2 nﬂ,_Mo =0 G w~ N og = 5 T = o) i
F R0 A = o T g " T — D o MT e T = =5 9 5 ~
= B i = of of M= ME <N o RO T BB PR ~
3 o~ jar ] T = o > —_ _ 2 el < N R do = R L o S
B ~ oI e TS s _ Tl ~ o X A .F%]Edr Boom W o— % = of
9P Iﬂﬂ.wog_o__}o*Wa o < |4umﬂr;b}oﬂﬂiﬂﬁm~rd@r ~
plu [ m_ = T q ° ‘,AIL mr > mw_m o2l M oK HAr_v _ = o o OE T O ,_%ol N T AN "
G+ uﬁwrwo%%oﬁ,c B < J._.%ﬂﬂuuwm:ﬁ) V(%ﬂ%ﬂqoﬂaﬂb °
B = 0 o g w W X o L AR K Lllmw),c(Rﬂl}l%ﬂbm g
Y |=_x§ﬂ4)w_e,@ 2o Ko & g S = ® THe
D ]| — o XN 2 o o w0 o7 =o Nk —0 oo T dr o o ~ = .
qﬂ..nmﬂﬂ 3 i - o o ¥ B o N T o))
Jo T &r o M = F A do i Ho (L o AR ORGY IR R AN o)
o ﬂl._mwro%_z_ﬂﬁmﬂ%nz[ = W Nﬂwﬁ%%wﬂwwwémuﬁﬁ%Tﬁdméﬁ%
K X 3 = T o W~ A _ = g
m W < G NI U o o < m...%%%@?@&%@é;ﬂl %Eﬁ%%_x
Ry &%mg%?m @ oW B E%ﬂ@ﬂyﬂ%wXLH@%WEL&N&O%
s Eomﬂﬁﬂ < Sy .A%ﬂaﬂziﬁ?ixﬁ%M%Wﬁnﬂrx =
o T " T N < N - mo T = = X = % T iy M =
N . X = > s 2 a2 oo 5
o 4ﬁ@ﬂ%mH%%meﬂmww%ﬂur@w
oA S om B ,QWﬁ%ﬂ%ﬂ@Dﬁ_
- —~ H B XM OB ‘QIOEME_.E,I
5 & T © TR Br dow =
= IRy R © " o
M o = ,‘uﬁro o o S = o
- nmupkﬂwmﬂ],_aﬂl ~ hnt 25 = of S &
™~ = — o farn —
E %ﬂ‘ﬁ7ﬁ o = z I X N
- N Mﬂ‘%OI B = S ) .
= ﬂvlLJ_;NroA.ﬂul ) X mEﬂr
]n,r el 0 X oep X° 1@' Vﬂ uAlm
, Bl tarisz A z g
E] Y G o o S T
s Hr)muﬂ%,;.oTl < =T 2 2 =
& N | G TR F X - Bl oo ofp
£ P N < oy < e 2
R w = B
] h— mL ‘mm.L — ,DL ~, S .Qo oru = |E 7 -
z The ® % a5 iy ol o B g
S ,Hiﬂdbﬂﬂ. 2 = =E 5| g o
g . [ P wE S F o == Tl W3
Sz £ EPEael + 5 SR ER R
o @ o 5 o < A oo o <|% el s
A~ =0 —_ —_ Wf72 - Of] Ky eyl . = |+ — k=W o C,*
. TT— oo = 0 ‘Ul;o Wa aW72L. 0 k=] ;Ib,l Wt ~ +H
© ! N o 2 S | ooy e mpﬂﬂ&rﬁ
= % 3 = 2= = LD S Sy : Fls f T
i STl I I m?%wgl(maha = Bl I
m W . o 9o Sl == = =
LR O > B L ol oo I Sﬂ
=N Ny e =
w e T
A

7+

L

T

o

}

ke
pal

S 8%

2

3L

- 2~
L= I

F31, 2}A|

°

T2 s

}

ke
pal

67



Farsly|&eksl B A9 A2E, 2018

Table 1. Specifications of a 22t truck

Property Value
Overall length 12,650 mm

Overall width 2,495 mm

Overall height 3,145 mm
Length 10,100 mm

Cargo box Width 2,340 mm
Height 450 mm

Deck floor height 1,415 mm
Vehicle's weight 12,955 kg
Minimum radius of curvature 12,000 mm
Wheel base 7,950 mm

Table 2. Conditions of a large truck

Property Value

Wheel track 2000 mm

Height of vehicle's center of gravity 950 mm
Height of load's center of gravity 2700 mm
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