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Evaluations of the Robustness of Guidance Controller for a Bimodal Tram
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Abstract — This paper is concerned with the robustness evaluations of the guidance controller for a bimodal tram which
is being developed by the Korea Railroad Research Institute (KRRI). The bimodal tram is an all-wheel steered
multiple-articulated vehicle as a new kind of transportation vehicle. This vehicle has to be equipped with an automatic
guidance system. In [1], such a controller has been recently proposed. However, since the performance is affected by
weight change of the vehicle due to number of the passenger, model parameter uncertainties depending on the state of
friction and the elasticity of the tire, and a typhoon, the controller designed must be examined with these conditions. As
expected, because the vehicle dynamics is highly nonlinear, for the sake of investigating the robustness of the controller
we compose two simulation ways based on the vehicle models which are implemented by the ADAMS and the
MATLAB/LabVIEW toolboxes. Different uncertainties and a typhoon disturbance have been considered for the simulation

conditions. Simulation results are shown.
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Fig. 1 Vehicle configuration at inertia frame
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Fig. 3 A block diagram of automatic guidance controller
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Fig. 8 Comparison of tracking error for the case of empty
and full load(ADAMS model)
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Table 4 Range of the cornering stiffness coefficient.

Parameter E R4 H 9]
5474 axle 1 111,000 | 57,700~178,180 N/rad
;;]j ° axle 2 293,000 93,490 ~ 251,840 N/rad
%

axle 3 135,000 97,450~ 271050 N/rad
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Fig. 16 Comparison of tracking error for the case of
cornering stiffness coefficient(axle3) change(Nonlinear
dynamic model)
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7m/sd WY APEGARIAE J|Fo R MASAY] Wi
of 19} W3 bm/sellA] Ha FEAE Hon, oRr
b %Es} SRS E oAt SHES B
E: 5 Xk £ #atol st ARE2X} ¥3
Table 5 Tracking error variation for the case of velocity

change.

sw | 2zeAm | ool

(3] = Xd%ki u] 31

[m/s] | (=W A7)

&71)
1 0.30467 0.02235
2 0.30396 0.02116
3 0.30342 0.01994
4 0.30294 0.0185
5 0.30289 0.01662 Haz
6 0.30291 0.01946
7 0.30322 0.03062
8 0.30365 0.04466
9 0.30405 0.06101
10 0.30568 0.07971
11 0.30876 0.10226
12 0.313 0.12717
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Fig. 17 Simulation results for the case of lateral wind
disturbance
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2. BMXIEAH HAMERGA O HrAHHA

Axle 3 Axle 2 Axle
e el ER) 2k
m, kg 9289
7 A
my kg 9676
d., m 5.972
2 o Iy m 2.839
I, m 4.86
L, m 3538
b .
4% = 1 m 1.102
by m 1.0805
(half width of axle)
by m 1.0805
1 .
e A4 s1 m 1.879
917
lys m 2.388
r m 0.469
Elolo] (&) w7 Ty m 0517
T m 0517
C, N/rad 117941
AR A Co N/rad 159752
Cs N/rad 184254
2
as vy Ay | fhgom | 12100
Ly |kg - m? 53600

Hlo|REEY chfFoi7|el Zeld Bt

my +m, 0 myd, . sine myd,sine,
0 my +m, —myd, cos€, *mzd’,f_,oosef_,
M, = myd, sine;  —myd, cose, myd?y + 1, myd,ydjac0s (€, — ;)
mydppsine,  —mydpcose, myd, dpycos (6, —¢€) mzdjz.3 +1,
00 mzdns'lcos € 7712df2é200s €
c - 00 myd, € 5ine; Mod peysine,
Y 100 0 — Mot dpyeysin (e — €;)
00 *mzdﬂdﬂezsin(ez*el) 0
—sin", —sin"e, —sin"e,
cos €, cos €, cos e,y
Ly = 1 ‘ — o (w ¢ o » Ly = Liygy
n 1 dyycos (e — )
0 0 —(dp+1,,)
cos e, cose, cos e o
L _ |sin%,; sin“e, sin"e o
tonat —b —by  —dsin(Ye,— "e,)
0 0 — by
cos e, cose, cos e o
L = sin“e,; sin"e, sin"e ,
long?2 by b, — d,sin (Ye s — Ve,y)
0 0 by
Tdr] 0 0 Curl 0 0
D(Tdr,) = 0 Tdrz 0 Ct = 0 C;L’Q 0
0o o T, 0 0 Cug
Twii 0 0 Tw21 0 0
Ru,vl - 0 Tw12 0 Rw2 = 0 Two2 0
0 0 Twi3 0 0 Tw23
3. MEmE Ao A
(my+my) —myd, — Mayd gy 0 (m,+my,)V
M= | —mud,y  mydi + L, moddpy |, C;= [0 —myd,V
— Moy Modydpy mydpy+ I, 0 —mydpV
9 qwl + qa + Cuvs Cm ljl - C‘u’zz‘v‘l - Cuedm - Qr8 u}z +lr2)
D= T’ (711'1]/1 - CZ,Q], 1 CZ:‘Kdr 1 C,fll?l + C,fzz,zl + C.,‘:;d;zl Cuvsdwl (dfz +]yz)
—C (d/z +ly) Clisyy (dfz +l,) Cus (dfz +i,5)°
0 — Cs Cus 0 -1 1
K=2|0 Cizd = Cugdry , E=|0 d, —d,
0 Cu,\‘;(dfz + 17-2) - Cux;(dfz + lr2) 0 0 0
T Ty Ty
T T2 T3
_ T Ty Ty
F=2l, . — 1l —d,
1 T2 T3
T
0 0 —(dp+1,) .
3
Cua Cz Cus
Fi=2 Cu:llfl = Gl Cusdyy
0 0 - Cw:s(d_m +1,)
K=K+E
C,=C,+D
F=F+F,
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