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A study on Sway calculation and test
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ABSTRACT

When a vehicle is running on the curve, the motion of the vehicle is subjected to a cant
deficiency or cant excess. And the vehicle will move laterally, vertically and roll, this combination of
movements is called sway. All modern vehicle suspensions with air-springs have non-linear
characteristics, and the extent of the sway of a vehicle is dependent upon the suspension
characteristics. The safe operation of a rail vehicle on the infrastructure is dependent upon
maintaining adequate clearance between the vehicle and adjacent structures.

We have described the sway calculation procedure according to BASS501 in this paper, and

compared the calculation result with the sway test result.

m}ﬂ
b
2
off
-0,
IR
2
all
Og(:,“
>,
=
(m
o
-0,
e
I
_OL
A
°
A=
)
ol
o (H
Y
o
o%
otk
o3
ol
o%
oft
M
=
=
o%
otk
o

o
i
o
r U
2
Mo

fo
)
rir
oK
N
[>
I
o
o
o
.
e
Wi
B
oft
o

off o
2
>
Of
=
)
[-'O
o2
o
o
HN
2
2
ofi
o
2
fru
do
&

_IEAQ_:L
N
1—‘Olﬂ

iR
ot

[
-/

2 W oo
e rlo
A
lo
)
)

(Clearance)°] ZQ3lH, o]& $I3l] A&
shar, zpsFo] REEOIH Fo Ax} Al

5]
of whE Aol @AE AEay] s, Ame BirAE, Aol vhE, 2

T
%
23
4 )

offt
oy
i

Ap
o,
o
o%
o
i
102

>

_|(_|}_‘
o
v ol
re
re
-
o
LR
Ir
4
ll 2 ol

C S,
At ATt Sways AAbshs Aabl A= 13, 23 &

| A1) Rolle] <, 943 w9, dahdadd 99, K-Sway, K—Dropg 344 o=
. B3 Sway AAAIE AAaket AlY

WE Wstegel mE AAxpFe] 3 ek st W 2 Roll HEe] HAE T3t

= o
o N
rlr *>4|
o
=
o d
(e

B
39

it @ T 2w

=

[o8)

<

i

)

22

ol

ol

rlr

SAA S
o
=
o
X
2
o
oZ ol
o
utl
—
o
il
B
fo
=
=]
b
i
o
4t
)

*ORAEA R, ]

o7
Z=ABA Y, T1EdT

BB
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AwAere] Swayl Ede] gojolgi Ede] BRHE, el 29 cantd, viwte 43, A7ME
Aol A S0 ol@ P w9} Rolle] WIS AT Sway ABE AR BFE B opy
9 we Wgw A7te] £Avh Mo odd Sus WeS doka] 8 AADANA A
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2.1 Sway and roll Al4F X}

a : FMEe] 93 Track roll angle

B E#o] thg thA+e] Roll

v o kel gk ZFA9] Roll

M : A A

¢ 59 hEE

6p i 13 @A Heug we ok

§s 1 22F A7 FureE M <

hp : Rail leveldl A 12+ &A7FEA|70A] 2] o]

hs : Rail levelol A 2 A7 717 2] o]

hg : Rail leveldl A F-AZFA 7% 2] =o]

Kprim.lat : 12} &7} 9] =-9-wsk 734
Rail level Ksec.lat : 22} &d7pgx]e #¢wrak 7HA

Kprim.roll : 1x} & 7}4x19] Roll 744

Ksec.roll : 22} &7F43]9] Roll A

A
A

" A RAFA Y BSRE B,
1

a8 1L AHES Fols W AR B PoAh AUPEA R QIR HYE
TR o] METE Fozl AEfel Aol A Q= Ag- 72 A7MEAO #HEskes F HEHAE
A S o 2T
Secondary Lateral Equation
5 — MXgXa (1)
K;ec.lat.
Secondary Roll Equation
K;EC.ROHX/Y:MXQX{(hg_hs)x(a+ﬁ+7)+G}+Q (2)
Primary Roll Equation
KPrim.RollXﬂ:MXgX{(hg_hp)x(a+ﬁ+7)+68+G} (3)
Primary Lateral Equation
5p:M><g><(a+ﬂ+’y) (4)
KPrim.Lat.

kAo deje] "ol ek W= 2 (5)¢F ol 7 4 31om, He Rail leveldl A 199 7t
Aol Foltt,
Lateral displacement = {(H—h,) X~} +{(H—h,) <X 3} +ds+dp (5)



2.2 Roll Drop
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he @ Rail Leveloll Al 2FAl o] ¢] H7tA 9] o]

hs : Rail Levelol A 2% &7}gx]742] 2] o]

v o oAkl digk 2kA1C] Roll

W : Center line®llA] 2HA] gloje] HA7p=x]o] {-9-1aF 7ol
h : 2HA 922 A2l Roll Drop

oy 2. 2k Aol FellA<] Drop

kA €] RollH 9ol st & wbak wAQJEnt ofyel Aspiar W7t dAst=d, = 9o 42 o
=¥ 2}
Secondary Rollell €]&+ Drop%
:(hc—hs)—{MXcos[sinfleV%—'y]} if h.> h, (6—1)
w
= (h,— h,) +{N, X cos [sin~* N —~]} if h, < h, (6-2)

where N, = \/V[/'Z—I—(hc—hs)2

Primary Rolloll 23+ Drop%

= (h,— hp) — sec.roll drop — {]\@ X cos [Sinfl% +p3]} if h,> h, (7-1)
p
= (h.—h,) — sec.roll drop + { N, < cos [sinfl%—ﬁ]} if h,<h, (7-2)

p

where I=W +6s+ (h,—h,) X~y

N,= /I*+ (h,— h,— drop due to sec.roll.)

upebA ApAe] hel Aol Rollell o sy Wel= thaah ok

Roll drop = Drop due to secondary roll +Drop due to primary roll.

Track Roll angled] @ 2% W (Sway)sh 4ahd W9 (Roll Drop) Z3E K—-Swaysh
K—Drop%& ¥& 4 9t} K—Sway9 K—-Drop Cantoll thdt zp$-wbak w9 2 gshak Wl 7]
g 7)olH, ol A AR 9 EAS eIt
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AARANA AGHoR 5T APl Sway P AANG AAE v, AES] 9ste] AN
3 AAskelnh

3.1 Alg Ex}

A2 FApe} vExp Al FT| A g 7] 9] §fE o]
72 (Deflated Condition)Z o] AA ST Ax}p A3

13-4, Target? /MEFA el X =

1. 213490419} o] Sway¥S FHAHstA} 3= Axlebox, WAl ZFAle 9709 TargetS H-2Hsld L,
Reference Target Rail topd EHAE | A2 &9t

2. AF ¥ZFo| Cant ¥& 0— 25— 50— 100— 150— 180— 150— 100— 50— 25— Omm =O2 2}
A2 Ao, dA7PgAe] uAd 542 Hysteresis loope] ¢S 938 F&EEF At U
d F FUHHoR 26mE ST WET AF dFHdAE o AdH e Packers ©]&3ke] Cant

S AP oW, '6]—.140]]/\1l‘— otdE 13t g4 WX & JigE A XA}
Autow AAee] Wlst wAHAS W, FE Aol Targetd] FHE ¢S SHHA

3.2 A8 HlolE] ®4 Bz}

Alg dely #4 dakes o 2
1) 24 Eo] 7}ef# Cant .
2) A, dAF 2 Axlebox ] A& <l Roll
3) 1,22 dA7PgA ] - ek F sk ek e

&

Al Az A& A] | oF & Algro] 2714 AUt & 7FAE= Wheeld} Rail Abo]l2] Clearance (8mm
7Ve) 9} Wheeld} & X948 Jig7te] Contacte]t}. o] 27}%] 842 Q& Wheeld} Railzte] F+ H=H
o] Aol AdASA FAFHA Sk o2 8 7HA = Fur) el AWl Coordinates Systeme] Y
AJojtt, Swayw AHAW ] -9-eky Adebdake] WHS argste] AlAkg ghol 7] wiel Fnhr)e] Ao
Wk Wy 7y A A AR g SA R HAo] HastA o

>~1

A AdE 47 f8l Fubre] dolid e et AA W FAstEs AFE shglal, E3 Hd o
A& WeE 1835te] Axleboxol F2et Target3, Targetl19] FHHEE Reference® 3} ).



4.1 A& o4 2

H1) A H oz Asste] =3 Roll, Sway % Drop
cant Max. Roll(deg) Max. 3HeF W9 (mm) | Max. Roll Drop(mm)
(mm) prim. sec. solebar cantrail solebar cantrail
flated —180 —-0.41 —-0.71 —-33.3 —74.3 23.0 20.3
3 3 180 0.41 0.70 33.2 74.2 23.0 20.3
° deflated —180 —0.39 —-0.28 —29.8 —54.2 14.4 12.7
180 0.39 0.28 29.8 54.3 14.4 12.7
nflated —180 —0.55 —1.30 —47.0 —114.9 36.7 32.6
w2} 180 0.55 1.30 47.2 115.3 36.7 32.6
= deflated —180 —-0.48 —-0.24 —-36.7 —62.9 13.1 11.2
erated M50 0.48 0.24 36.7 63.0 13.1 11.3
¥2) A3S =3 Roll, Sway ¥ Drop
cant Max. Roll(deg) Max. 38k W9 (mm) | Max. Roll Drop(mm)
(mm) prim. sec. solebar cantrail solebar cantrail
flated —180 —-0.47 —-0.75 —-33.0 —74.2 23.2 20.1
e 180 0.48 0.72 35.3 77.4 24.8 21.7
© deflated —180 —-0.52 —-0.19 —29.8 —53.1 13.6 13.3
180 0.54 0.21 27.8 54.9 14.4 12.7
inflated —180 —-0.76 —-1.21 —45.4 —109.8 37.4 32.7
w2} 180 0.66 1.21 44.2 108.9 36.6 33.8
= deflated —180 —-0.64 —-0.19 —28.7 —53.3 10.9 8.3
180 0.58 0.16 36.6 60.1 11.2 9.3
Roll 2EX}, Inflated condition Roll, P+, Deflated condition
o o e
= = =Pri. model = = =Pri. model
= = =Sec. model = = =Sec. model
E Z
5{5 8 3 -8 8.
T‘r;: rolis [deg] Track rolls [deg]
195) 7kx} inflated, Roll 1916) Wz}, deflated, Roll
Sway, 2, Inflated condition Sway, 281, Deflated condition
E% ﬁ.‘C(IJ ‘41‘”]»,, *2.(‘11)-/“ Z.C‘lIJ 4[‘1‘0 G.C‘ID 8. (?;‘*8 ﬁ!‘l‘l) ‘4!‘”] *2‘ -O.JV 2[‘1‘0 4[‘1‘0 ﬁ,l‘ﬂl 81 T
Trat; olls [deg] Track rolls [deg]
29H7) WA} inflated, F-F93F WY 198) WA}, deflated, F-9-1sk H 9




Drop, 2Hx}, Inflated condition Drop, 2+x}, Deflated condition

——T5 test
® i o
g\ / _@Z: e . e Totest
_ \ ’/'/ ““E% ) ‘ ‘ S, L ‘ = | IZK:
E«s 6000 4000 72‘@%' 2000 4,000 6,000 8 Ew S N PR
5 Z = g
— ==
Tookrols [deg] Track rolls [deg]
18]19) wkx} inflated, Roll drop 1910) wkA}, deflated, Roll drop
5. 23} B4
B ooAGol A 7b BAS HH Y B8-S Solebar(Target 5, Target 9)¢ Cantrail(Target 6,Target 8)
o] - el e Witk Fl1~204 AE = wpeh o] HAGANA AH oz ALt
sto] oS53k gkt AR Aot 2 ubs Aoz Rl
AAZ 4 AU E AFEste] 938H Cante] %2 Axleboxel] ¥&3 2709 Targetg 7FAal & H
=4 4 9l ol ® Cant®] %(<Target3,11)& o]2A <l Cante] %3} Zolol a4k A|H Fo] &
HEHY HAo] dASA FAs =] Kato] ex7F wAst o, 1 kel xkol= 233 .

23 AAZ dEE VEF

o] =7 o] =45 Q=
Cant(mn) Tracl]i ro?l(Deg) Roll((]jDeg) (Deg})
flated —180 —6.85 —-7.12 —-0.27
) 180 6.85 7.04 0.19
deflated —180 —6.85 —-7.02 -0.17
180 6.85 7.02 0.17
inflated —180 —6.85 —6.86 —0.01
w2} 180 6.85 6.99 0.14
deflated —180 —6.85 —6.94 —-0.09
180 6.85 6.85 0.00

Roll(Z2#5,6), K—Sway(2¥7,8), K-Drop(189,10)¢ A& ZAd3= 23 RW WA, Track Roll Angle©]
S7bgtell wel Graph®] 71&7]7F #ZolAl= As & o A=, o= 13k 22k dA7FEA9F Bump Stops
o] HjXy FAo] w7 wEolth A@Adde}t s AR AtolE Kol AL 34 I Al fel
A Age A5l HAY 5A4ES 7 wrgekA xe A, 23 g 7T A5 1HFo] dAFsH
FAHA EE 7] ol o]#E A & K-Sway, K—Dropd AldZ3= 98t aa= g3k 1}
Fo] A A HAAAEe] HEF W E ALt b €8-%
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Bogie and suspension section design guide 501, pp. 3—18
K.B.Park(2005), Train Sway Test Procedure, Rotem's Doc No C68—D—0452
GM/RT2149(2003), Issue 3, pp.1—19.
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