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General Rules for Design of Railway Bogie Frame Strength and Approach

based on Finite Element Analysis and Strength Evaluation
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Abstract

Bogies for railway vehicles are equipped with motors, wheels, axles, driving gears, and other
equipment and support the car body load on which passengers ride. The bogie frame such as the
main frame for equipment placement and load transfer has general rules for strength design and
static load test as standards for the strength design method. In accordance with these standards,
at the design stage, the outer surface stress by calculating the safety factor of the entire field of view
by FE analysis and the weld roots by the composite stress intensity factors method are evaluated.
FE analysis improves the accuracy of evaluation of stress on the outer surface, and is expected to
be used not only at the design stage, but also at the time of inspection of important parts during
operation, to improve the depth and efficiency of non-destructive testing, and to prevent inspection
omissions. We aim to further improve the accuracy of the weld roots through fatigue tests and
evaluation of the actual vehicle.
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Driving gear
bracket

Main motor bracket
Main motor

Driving gear
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Example of railway bogie frame (gray in the figure)
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| Decide vehicle specification |

v

| Design(JIS E 4207) | (1) Decide load condition for bogie
(2) Structure design

(3) Calculation stress

(4) Strength evaluation
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Prototype

Bench test
Field test
Mass production

K3 BEROMENGTEEET TORAD
Design and production process for railway bogie frames™”

Static load test (JIS E 4208-1)

Track test (JIS E 4208-2)
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Dynamic load conditions®cert from 2)

Classification Type

Load

Vertical direction Load by bouncing of burden mass

(0.2t0 0.5) x W

Side beam mounting component |(1to 2) x L,

Load by bouncing of mass of

Cross beam mounting component |(3 to 10) x L,”

mounting component

End beam mounting component |(5 to 10) x L,”

Load acting on driving unit bracket by driving force

(0210 0.4) x L,°

Load acting on brake equipment bracket by brake force pYxfo

Lateral direction

Load by oscillation of burden mass and load by centrifugal force (0.2 to 0.4) x W™

Load by oscillation of mass of mounting component (2to4)x L,

Longitudinal direction |Load by tractive force

(0210 0.4) x L,®

Load by oscillation of mass of mounting component

(1t03)x L,

Load by brake

p?

Torsion Torsional displacement due to e.g. a gradual decrease in the

superelevation of an outer rail mm

Lateral displacement is given at a diagonal
wheel position of one bogie.: 10 to 15

Notes

* Static load applied to a bogie frame as given in Formula (1).

v Static load by mass of mounting components (mass x gravitational acceleration)

9 Axle load
9 Brake block force

© The coefficient of friction between a brake shoe and a wheel tread, and/or a brake lining and a brake disc

B A& # gk B W H4235 (2024)
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3.2 BEHOEFEERE (JIS E 4208-1)

XEtOBEETIE, EBRICHEREZFEL, &ito%E
Brnyise o B0 Tl R E S D, TOHNEIZD
FTAT—=IIZELBIHEE ENE W EEMEE L

o, : Varying stress

0, : Mean stress

op : Tensile strength of material
o, : Allowable stress to yield of material
o, to o, . Fatigue allowable stress

X4 REFHmICAVSICHERE?
Stress limit diagram?
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3.2.1 BHAERDEVS

ISHHGE R E LTIE, D) IROZZALE 7, Wm0 Ea%
{LERy, Y — Nikimif 7z SIS RS S 7,
2) FANZ B BRI R OMR, BB OFRENTHRS
NoHEG, 3) BHEAORMEL, B - L2 IEEEE
57, PHESN TS,
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O, W HERRAE LT, WEIin i L R
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9 WEICHCLOTAS = DIFERIE LTRES 5mm
OHENr—Y Wb, 72720, /MEEOMEZ: £ 5mm
7= DB N R A2, SRE WS-V R
WD, ZOBEITIIHROFHIIZ B\ TEE IR LT
FHTAZENET L, T/, EEL U0zl
ETHHEEISHER T =V 2 Wb, 75—V Ot
HINEEISHHME S 5, 72720, BT DA D B
A2, ZEhr—-U R VD,

—77, =T O TEICOWTIE, MEoBE YR
B — PRI DT 2561213 & UTEBEPLE L
%0, ZONEPREDL)ICHESN VD, ZDL X,
B2 Y — RO £ 91 lE PRIV N S WERT TR

line of curved surface by
machining or toe part of weld bead

5 =T ORIEDAFR
Example of gauge bonding position?

Sk

%to g of gauge length

K2 ELHEMBOERES, BREETENTEGS?
Tensile strength, yield point, and fatigue allowable stress of main materials 2

(Unit: MPa)
Type of materials

SM400A SM490YA

Item SM400B SM490YB
STKMI3A | STKMI3B STKM18B SC450

SMA400AW [SMA490AW

SMA400BW [SMA490BW
Tensile strength of material (g,,) 370 440 400 490 490 450
Yield point of material (g,) 215 305 235 355 315 225
Allowable stress to yield of material (g,) 185 260 205 305 270 190
Fatigue |Base material (o,,) 125 140 135 155 90
allowable Weld toe When ﬁnishir'lg (awz) 110 90
stress When not finishing (o, ;) 70
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EIZXBIEH L BTEIZ L BI67120 5 38 &8s
2 (Q2), BICLDEKL, K4 IRLAISTIRARRIZS
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oL EMHHT HIEFFEINIIE, 313 HTHERZZLH
(2, HARMIESL SO XGRS IR SN TV A E &
DNEV, U, BEHRTIZEIRIGH, ARSI ERST
SIS LTSI ORY Fi D87 5 Z L8 Z2D—HTH
%o BHMTIEAIRDO L) IHEHTL20TAT—VRED
WERH T ke BlE L7z ECREIS A RO HZ 212l T
Do S5, HFRIGNIZZO L) BHEOD ETHEON
WEOF—FOBEREZN—ZELTWE, L5 T,
IS EN % ZRE L e WARRIG ) & 7 H ARSI S & 0
P AHES LD BVHFRIR I G- 2 5T,
Bl — Dtz FVC, BR O S7 B & Fig
T 745 R & LT, As-weld FR 200 J5RIGHE 2 BT A 9%
GRS 0.19% RS T 61.6MPa 215729, 2D L1,
F2IIRL7Z IS E 4207 THUE SN D As-weld TBOJE 7T
NI T0MPa 2GRl ThH A Z L 2R T o L L7%dTH,
REOFEFIZLY, Het@HNIn o Takatd 5 & 2243
HnZl, REMTEOF DL, IBAEHEEY GhE
TEETHZ LT, JIS E 4207 DIEFHHFIGHZHHTE
bEEZ Do

4. FEREM
B A AR FE T2 DT, SCHK 8) DI3 2,

LRI B R BATOMRMAIEE 0 122 ONEDES
NTnhb, 22 TIRHAREE TG L TWwA FE RN H
ICDOWTRT .

4.1 2HRHRERFEICL I BENAETHEFE 12
o7 EFOMERIE 72 ) R WHLRIH 26 R IZ, JIS E 4207
THED SN IRTIBREE IR 3 5 %235 i % FE T
HERZHCTHET %,

411 5F=2Ich
i EABRCIE, Smm OHGR S — Y 2 HWTO T A%
HWEL, YU ZHEEELT IS EER, OFTAREY Y
TEROMTRD LI %, K TIEZOMDIET] & X3
Lz, “r—=VInd1 " &5 508, MR ER S L CTOd
R TH 5o

=I5 I [MPa] = O § Aox v v 73 [MPa] (4)

4.1.2 FE B DI HF RIS E

FrE A L FEMMTOI %, K6 IRy HEEED
14 DAOENEY HAKDE T IV TIEL - 373 5. ALY
EIXAEE DR (Gr &h) 1222V T T AT =Y LERL
ME TIN5 WESMAE LT LT AmOmE
DI FEAG$ 5, FE ITIZIZILH Y 7 b NX-Nastran % H
WV, TUTE AR 2 REHE (Fa =80 Xy ¥ a3 A X 12mm,
At 2.5mm THSHL) & L7z BI7 &0 7 =2
12 & 2 Ep i E RS R & FE TR RI13 £ 20MPa DN D7
TR L7

413 FEBIEREAWAREXRI L ZDMER
FE f##TTlE, HiSfE TOLHMOEITE OFhzR
W5 ENTE D, JIS E 4207 TED S L7 3Bk O
HZ LI FE T CRBMOTr — Vb x5 T 5o &ir
EOr—=2Iinhins, FHehEZ#n %X (2), 3) 12
E0EL, MAITRLABHRAER Eic7ay b3 5L,
K8 IR TN —TIROHEAIEREND, ZDIV—TH3EiH
ML CTOLETMO 7 — VI I ONE T & ZEBhE IO A
FERLTWA,

number of element :
number of node:

380383
615608

Red : Longitudinal direction
Blue : 45 degree
Green : Transversal direction

T

X6 BHETFIVESHEHESEAL 2
Partial model and stress evaluation part'?
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RIRCTIE, FEPSREHEE COROILr e s L
THEFEPRO/NEL e bli%, WERICBIT2EEFLE
T %,

WaFE = |0B| / |OA]
A DRERDPFNE 7 B0 & OFIHEBS S
B BEFEHNIR/NE 7 DI EDRFEICT)

2 LVFEISIE, MEOBECERL LIPAET L
IEFENL 720, FE ETF IV OEHHEANFRIS 2 ER
T 5o RO IHMEXGERDOBIZRT, TOEFRICEDEX,
SIS L, FWEOTS = VIS5, P L ZEH

(5)

100 -
---1- £10MPa %
80 ——— +20MPa - ‘ ,5’/
£ 60 \OU'G ’
s A .-
["d /{) v
©
s ¢ %
w 20 ,"w\’ Z
' 9 ’
e 7 Single strain/gauge
0 p =
‘ ). ‘ Rosette gauge
-20
-20 0 20 40 60 80 100

Static load test[MPa]

7 BAETINTORFRERER & FE BBTREREE?2
Comparison of static load test and FE analysis results for
the partial model'?

250

: Variying stress [MPa]

O,

Y
/

° '3
-250 -200 -150 -100 -50 0

50 100 150 200 250
o, : Mean stress [MPa]

8 IE/IBRFE T D liAE R 52
Evaluation result example on stress limit diagram? '

IShE AR, WHRAR ETROLEFI/NS L R D MHE
RHNT 5, BONIERHETORERE, 2y FRT
bo B0 123 > ¥ FRIERO—FIZR$ o R E v
e, BEMREEROREEL BB RRNTE L, 512
WEED L FHOEFIER, 3D T Iy ~DO)), FE
LBHEAOTOI 27 arv vy PSR ASDESL D
& T, HEEBMRAROIENERAOEEL, MR, ik
TRNOP A OTEH I T 5,

4.2 BEIN— MBOMERME (5E K @) 9

421 B4 KEEDHE

B FICBWTETHIEOR T E 2 V5P, &
v — M (bW BN 235 5o RHEMFHEE ORI
SEMidEHE & LTI, BV — MR TORGBEY SR ERL
L, ISR TRl L CwahY, M, RiEk%
B LB TFREEOIC IR A IR L L7 ikat
W% EYD, FE BT & 72 EEEROIC LR D
HETHEIZOWTHED A ENTWEY, BENGEGHC
T 2720120, R4 BMEIZL > THEL 2071
BAEEDLINIZLTHEAILT 200 ETH o720 22T
FHIC WV 2 AL L 72 IR KR S 2 A Kl L IR
Nl e P29
BAEDISTIERAR B X 5 50 2E#Ew Tk, 3% aHBRE
TOBREKMEOEFEFFITEDOONTELT, AT H#E
R, BEEITHERCIS D 2 HIE LEHET 4720, LG
HOREFIANBLTE v, BEETIFICHEA KA RS %

Gray: Base material
Pink: Finishing weld toe
Orange: Not finishing weld toe

9 MHEXAEREGIT
Example of material classification definition

K10 ZH&e&XRIL ZRRFFER™
Safety factor calculation result with contour map'"
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PFExE AV CHIEE TV OBE K A% G L 724

P I"_T ~
Evaluation No,io‘_’;"f

FEA node No. Upper plate in cross beam
/ Evaluation

Unwelded Weld metal

Vertical plate in cross beam

View A

11 BEREIRETILY
Bogie frame analysis model'®

Synthesized SIFs in the compressive stress fields

Proposed criterion, P=2.3%

KB8a[MPavm]
N

1 —@ —t 7\ - A IS reference method
O& Main motor bracket | O New method
—i 0 1 2 3
Kém[MPavm]
12 IDHHLARRETEHE U /- TR ARREAR & D L&

Comparison with the endurance limit evaluated by the
stress intensity factors'
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a5 & b1, TR L) FhZ L2
LY b,
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