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Rollover Analysis and Measurement of a Large-sized Bus

ABSTRACT

The safety problems of buses have been arisen due to the increasing of road traffic. Occupant in-
juries are always possible in the rollover accident and the frontal impact. Thus the structure of bus
should have sufficient strength to protect passengers under accidental loads. ECE(Economic Com-
mission for Europe) regulation No.66 prescribes that the superstructure of the vehicle shall be suffi-
cient strength for passengers’ surviving and the residual space shall be preserved in the passenger
compartment during and after the standard rollover accident situation. '

Rollover test and simulation on a large-sized bus were completed according to the regulation.
The coordinates of the points on the bus were measured by photogrammetry system. The rollover
situation was revived by structural crashes simulation software, PAM-CRASH, and it was checked
that the structure still complied with the requirements of residual space during rollover situation.
The residual space was preserved during rollover, so it was proved that the structure of the investi-
gated bus had much probability of survival in rollover accidents.

#Z0 7148 0] : Rollover Analysis(ZE&)4), Large-Sized Bus( 81 2), Safety(¢+d:), Strength
(7)), Photogrammetry (AF2 Z5F), Regulation(H7F)
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Table 1 A General Summary of the Bus
Accident Official Statistics"

MIN. 750

forntal collision 57.2%
rear impact 22.1%
side impact 17.8%

rollover 2.9%

Pl o] FH(EE S FIH)o] FrEH
of ¢g1&L g £ qvkn FAsw Uk £ A
FAE o Wl SAst Hzle] AE AY
2 AAElZ NEHE A S o8 Fet
gon, 2= &4 T3¢l PAM_CRASHE
ol4-5l AE B E A

2. M2 AY

2.1 TS A pE e

9 44 943 ¥F 669 (ECE Regulation
No.66) ol A= WA} 2 oy 2ol AE A
BA 2Fe A rldste AA FER7F 24
of 3tz &7 A=l dis &7t 22 474A
W ZF o= g Whye s ukEg slof g
kil qivk.

1) ¢4daH(Complete Vehicle) o] thit HE AJF

2) A4 2 (Body Section)oll 3 A8 A1g

3) ZA ©Ee gk PA}(Pendulum) A1¥

4) Aol og A -3 (Superstructure) 73
=9 4%

NE Azl 27 2P AR 24 G F
9] 9o H3o] HEHrh H AT &4
2ol s AE AP AE gl AL
stk @ #7H(Residual Space) = &
¥ (Survival Space)2 HE APE T Fui,
sHz Fofl g4 A &9 BRH= FAE LI
™, Fig.lo] Aeg uie} gho] 24 wlctks} 244
ZddenseH FAS AvtE WolA Ay A
thelE ez o]R A4 e &g ¥
ok o FAE Ve AlgEEe] Roje
750mm o]4folojef shrh.

. 100

= |

il

RESIDUAL: SPACE

500 150 i

—

1
Floor ; 300 |
Center-line :
of the vehicle
Center-line of the seat

Fig.1 Definition of Residua Space
(Unit : mm)

]

crane BUS

Q | platft.)rm

tire stopper

/ axis of tiltin
/ 0-100 mm

800 mm

Fig.2 Rollover Test Apparatus

2.2 MY i

TR o8 vlxe] B AP Fig.2d &
uke} gro] WAE AHoJA 800mm BoiZl AlF
g o) sl §F F& FVIE AME]
ol w2 AFd o AE Abgke] AEFH
=5 3= Zlolth

23 SMxe B AY Y 53

gt qE AE AP AE I AW
BE AWR st A9 o) EHE
533k Rolleile] 33t Fu|E o] 83t ¥E
A% HEE ZAsg)
RolleiAle] |8 o] &3t 24& gii w29
A9, FA2W, 850, T o] RHt F7
Aol 3219 FEE RESA F3b7) dalAE A



Bdd s ZHsllof st F o] oz go
o] B9 &L PN Rt uitA
B AFo) AMA Z3ol] 28 AN ole @
Adg WEshia AU Figlddlz &
g FHA Aol Dz HejlAe] S
s Wt Fejrt FAEIUT. FHE5H] &
Mol WEE 1008, AW WEE 200
, $=9We WEs 300, %‘f— 4 3.
4002 Aot AA HFEA= Z
oz o|Fold A HEA N, Flg.4<>1 AE
A 3252] F¥E=(6400, 3000, 1500) |t} Fig.
4o $EAMe] e M9, A}ﬂfe}'ﬂl
HEY AslE FAY o 7&e] He 7 23A
o e =7 Uik v)Ee] He 7 A
324, 3457te] ZAgl= 3048mm=z ZRHAUCH
Fig.5¢] (a), (b)ell= ztzt AWY, FAHFo &
AR Ale Wag FAAt

AR Feo) FF AN 37kA dhge s st
Ak WA (Test 1)UEL A5 Fo| AR 4
gE #9std 2= 324 HEE T Ao
o} FHA (Test 2)9g2 vE T ¥ 7|
THOE AR -\JrE(Test 1¢9] s ¥E olF
A7 Aotk ¥ o5& ¥ olfv AEHE
A87F §i7] &l b&*@b& 2FE wgko] @3}
& wAsy) A& vy Wyt A gled
g Qs A sldRe HE(Figd, Figd
o] & 291, 224, 306, 327, 406, 446 F)& W
3 7|FH oz Wt £ A RAejrk, AH
) (Test 3)uye ) 2o Azl 23
AR 2HHNEL AA A ¥E el
Be2 BAF Felvh. F vl A M viE
(Floor) o] Zpak(YHaF)e] Zo] Wsle gl7)

ko

]
-

2 oo (2

o ﬂilﬁ

) rlr =

Y(mm)

| -
left side (100)

¥ front rear

(200) roof (400)
right side (300)
4 ! . X(nm)
5000 10000 15000

Fig.3 Measuring Coordinates of the Bus

o

@gol, 29 43 ok $EAA 389 ¥
Fo @ & V3%l g 49 A8l %o 2
=2 pRsen, o A4¥ Y% 24
& A% AN FHAE A3 B
Holch. Table 25 FRAA A w23iE o Fig
49) 7 3110] QU A4S HE B AS A
oI, Table 3& Fo|A vlebuste W Fig

Table 2 Maximum Deformation at Front

Part (2] : mm)

Mazx. deformation
at left side body

Max. deformiation
at right side body

(Point 312) (Point 112)
Rollei test 1 461 560
Roller test 2 368 445
Rollei test 3 461 375

Table 3 Maximum Deformation at Rear Part

(24 : mm)

Max. deformation | Max. deformation
at right side body | at left side body
(Point 372) (Point 172)
Roller test 1 363 385
Rollei test 2 268 264
Rollei test 3 363 29
L 2L i3 4 3s 361 371
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Fig.4 Measuring Points of Right Side
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Fig.8 Photograph of Front Vehicle Part

Fig.9 Photograph of Rear Vehicle Part
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Table 4 Results of Maximum Deformation
from Simulation and Test at Front

Part
(249 mm)
Max. deformation | Max. deformation
at right side body | at left side body
(Point 312) (Point 112)
Simulation 473 400
Error with respect to 26% 2845
Rollei test 1
Error with respect to 28.9% 01%
Rollej test 2
Error with respect to - 05% 7%
Roller test 3

Table 5 Results of Maximum Deformation
from Simulation and Test at Rear

Part
(9] i mm)
Max. deformation | Max. deformation
at right side body | at left side body
(Point 372) (Point 172)
Simulation 364 305
Errar witl_m Tespect to 03% 2089,
Rollei test 1
E ith respect t
Tror wi : pect to 358% 5%
Rollei test 2
Error with respect to
-0.3% -3.7
Rollei test 3 b
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