Introduction to Trainset bogies

Mohd. Ayyub Khan
Lecturer (C&W)/IRIMEE



Diagram: Two Stage Suspension System

Vehicle Body

Secondary _l_
suspension ‘

Bogie Frame '—I

Primary £|
suspension |




Simple DOF of a Single Body

2 3linear

< Shuttling (I)
< Lurching NOSING
| : H

< Bouncing WNCING

}
2 3 rotational \\ , /
. e -
< Rolling .

< Pitching LU - ]

. /
< Nosing or Yaw f]/)"
2 )

PITCHING

RMCNI“

4 \9




EMU / MEMU motor bogie

» 20.32 t axle capacity
» Spherical roller bearings — 22328 C/C3
» Primary suspension - Coil springs with dashpot arrgt.

» Secondary — 180 kN air springs, vertical & lateral dampers.

» Side bearers with oil.

» 203mm JSL type brake cylinders, brake levers, brake beams, ‘K’ type high friction
composite brake blocks, spring applied PB.

» Max speed — 110 kmph



EMU / MEMU-TC bogie




DEMU trailer bogies

ONU/TC?-0-0-701 I

» Common for all makes of
1400 hp & 1600 hp DEMUs.
> Air springs -180 kN &
control equipment -
common for all types of
DEMUs & EMUs.




Fiat bogie

2.B. 20.12.99 ISSUE




Fiat bogie with air springs




Train-18 bogie
/ Motor bogie

Trailer bogie

» Common bogie frame & suspension
elements.
» Wheel sets are different.




Salient features of trainset bogies

Bolster less bogie — carbody rests on air spring — less components.

Suitable for 160kmph.
Max. axle load — 17 t.
CTRB.

Primary suspension with helical springs & damper.
Secondary suspension — air springs.

Dampers — secondary — vertical, lateral & yaw.
Stabilisers / anti roll bar.

Wheel mounted disc brakes.

Common bogie frame (basic) for both MC & TC.

Traction motors — fully suspended — less unsprung mass.



Trainset motor bogies — new design

Differences with existing T-18 bogie

» Traction motor with — opening for air inlet bellows
» CP pin

» Primary springs

» Air springs

» CTRB, control arm, bush, covers etc

» Bogie frame — changes in spring pot, plate thickness.
» Metal bonded rubber items.

» Dampers.

» Wheel & axle

» Wire rope

Common with existing T-18 bogie

» Complete carbody interfaces.
» All bogie brake items — brake disc, caliper units, brake
pad, phonic wheel



Comparision of T18 & trainset bogies.pptx

Primary spring failures - contd

Old — 50mm depth, one side drain hole 10mm

New — 15mm depth, both sides open drain 24mm width



Trainset trailer bogies — new design

Additional features compared with existing T-18 bogie

» TPWS - provision.
» APC receiver provision.
» Basic bogie frame is common with MC.




COMPARISON BETWEEN FIAT, TRAIN 18 & EMU BOGIES

Over all dimension(LxB xH)

Wheel base (mm)

Wheel diameter New/ worn

(mm)
Wheels

Axle capacity

Wheel seat dia

Axle body dia

Bearing

Axle guidance

Primary suspension

Secondary suspension

Brake system

3534 x 3030 x 1125

2560
@915/ 845

Solid forged wheels, curved
webs
16t

195mm

170mm

CTRB 130 mm -
Timken

SKF /

Axle control arms with pivot
bush

Nested Helical springs with
shock absorber and silent
bloc in axle control arm.
Flexi-coil spring/ Air spring
over bogie side frame with 2
vertical dampers and one
lateral damper.

Axle mounted disc brake
system.

4308 x 2855 x 988

2700
@952/ 877

Solid forged wheels, straight
webs to provide brake discs.
17t

212mm for MC, 190 for TC
(222mm old)

179mm for MC, 160mm for
TC

CTRB
SKF/Timken

-130mm —

Axle control arms with pivot
bush

Nested Helical springs with
shock absorber and silent
bloc in axle control arm.

Air spring over bogie side
frame with 2 vertical and 2
lateral dampers.

Wheel mounted disc brake
system. (KB / Faiveley)

3976x2830x920

2896
@952/ 877

Solid forged / cast wheels,
curved webs
20.32t

193 mm

184mm

Self aligning spherical roller
bearing — NEI/FAG — 22328
C/C3

Rigidly guided with welded
guides, working in oil filled
dashpot.

Single helical springs resting
over rubber pad & oil filled
dash pot.

Air spring fitted over LS
beam (Cradle welded to
bogie side frame)

Clasp type with brake levers,
brake beam & pull rod



COMPARISON BETWEEN FIAT, TRAIN 18 & EMU BOGIES - contd

Calipers provided inside the Brake calipers provided at 8” single acting BMBC — 4

Brake unit

Parking brake / Hand brake

Bogie rotation stops

Longitudinal bump stops

Other features

Bogie suitable for max speed

Provision of traction motors
Bogie type
Provision of axle end
equipments

Bogie weight

Unsprung mass

Motor rating

frame
Hand brake in LWRRM /
SLRD only.

Provided

ends of bogie frame.

are with spring
parking brake. PB

Not available

Yaw damper, Anti-roll bar, lateral bump stops

160 kmph

Not feasible

Bogie with bolster

WSP Sensor,
earthing
6.635t
3.10t
NA

160 kmph

Provided with
suspended
motors.
Bolsterless bogie

axle WSP sensor,

earthing, speed sensor

10.50 t for MC, 7.21 tfor TC

3.945t for MC, 3.765t for TC
(4.910 for MC, 3.910 for TC)

210 kW, 3574 rpm,
Gear ratio — 5.158

50% of wheels in all coaches

applied
is an

integral unit of brake caliper.

traction

Nos. per bogie
Diagonally opposite wheels
with spring applied PB.

Not provided.

Secondary vertical damper,
lateral damper, lateral rubber

stop.

110 kmph

Provided with axle hung
nose suspended traction
motors.

Bogie with bolster, side
bearer loaded.

Speed sensor for
indication.

speed

10.793 t for MC, 6.68 t for
TC

6.220t for MC, 3.54 tfor TC
268 kW, 1398 rpm,

Gear ratio — 4.478
(Medha / TSA make)



Wheel & axle

Gear box mounted for Motor bogie_
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» Wheels with straight webs to fix brake disc.
» New wheel dia 952, wornout dia 877 — common for all bogies.
» Supplier — M/s Bonatrans / M/s KLW.

Wheel set for trailer bogies




Wheel — straight webs
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CTRB

» CTRB - @130/ ®#230 x 160 — similar to Fiat bogie
» Supplier — M/s Timken / M/s SKF.
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Axle end equipments

» Different types of front covers

Phonic wheel sensor Tacho generator



Bearing arrgt. — cross section

» Phonic wheel along with security disc screwed to axle end using M20x80 hex screw.
» M8 screws in Fiat.



Bogie frame

Top flange — 12, webs 12, 10, 32
Bottom flange -16, stiffeners - 8

All plates — EN 10025 S355J2W+N
Castings — EN 10293 G24Mn6+QT1
Forgings —EN 10250-2 S355J2G3
Seamless tubes — EN 10210 S355J2H



Butt joints with radiographic quality in train-18 bogie.pptx

Primary suspension

» Inner & outer springs — M/s Axtone / M/s Gruber.
» Rubber metal bonded items — Bump stop, primary spring pad — M/s GMT.
» Bogie frame lowered on wheel sets with springs.



drgs/AAA01098.PDF
drgs/AAA01099.PDF

Primary suspension - contd

» Primary vertical damper — M/s ZF
/ M/s Koni.

» Control arm locked with frame.
» Lift stop & pins.

» Damper top side fitted to the
cavity in bogie frame.

Primary bump stop clearance



Primary suspension — contd.
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Primary suspension — completed




Secondary suspension components

»Traction centre with bush.
» Bush — M/s GMT.
» Traction bar — M/s GMT.



Secondary suspension components - contd

® aogoe o gD
o o ~
® /_ﬂ
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}AJ o/
\: s > Lateral bump stop.
9 ® > Shims to adjust lateral

° §D clearance

» Adaptor plate screwed to bogie. Bump stop fixed to adaptor plate.



Secondary suspension components - contd

Traction centre, traction bar assembly



drgs/727-0-5-003-1-1-  -  -A1.TIF

Secondary suspension components - contd

» Air springs — M/s GMT, M/s Contitech
» Fixed on bogie side frame.
» Rod extends inside side frame.




Components fixed to car body

» CP pin.
» Stabiliser link.
» Wire rope.
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Driving Trailer Coach

MR-200Lts

Main Compressor
845LPM

Brake Control UNIT

AR 751 . ASR-
75L



Wheel balancing for Trainset
bogies

Clarifications to Charbagh Workshop/NR
for letter No. 516-
M/DMU/Trainset/Material/ML-3 Dt. 18-
01-2022



M/s Bonatrans wheel drawing
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» Max static imbalance = 75 gm.
» This is defined in specification EN 13262 clause 4.8 also.
» Balancing is achieved by machining on inner rim’s ID of wheel.

» Position of residual imbalance is marked (punched) on all wheels as per drawing No. D11-
4-01686.
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4.10 Manufacturer’s marking

For purpose of traceability, each wheel shall be identified, as a minimum, with the following marks:

28

prEN 13262:2017 (E)

— manufacturer's mark;

— cast number;

— steel grade;

— month and two last figures of the year of production;

— position of residual imbalance and its symbol (see 4.8); < —————

— serial number after heat treatment.

These may be applied according Figure 9 or as defined in the technical specification. These marks shall
be stamped, except for imbalance marks which may be made by other means. Stamps with sharp edges

are not allowed

Figure 9 — Manufacturer’s marking possible places < ——

» Position of imbalance marked by E2 (£34s

per drawing) on Wheel’s inner hub face.

» This is defined in specification EN 13262

clause 4.10 also.

» This marking is important for assembly

of wheel sets.



Wheel specification - EN 13262

4.8 Static imbalance prEN 13262:2017 (E)

The maximum static imbalance of a finished wheel in the delivery condition is defined in Table 11.

Table E.1 — Type and number of controls to be carried out

The means and methods of measurement shall be defined in the technical specification. ~ Characteristics to be verified Number of wheels per batch to contrel Subclanse
T reference
Table 11 — Maximum static imbalance of the finished wheels in the delivery or ready for Qualification Delivery
assembly state (see DA45) (see E4)
Maximum size of the batch = 100 = 250 = 250 -
For vehi running at speed v Static imbalance Symbol _ Chemmical componition 1 L 1 m
km/h gm - Hydrogen content a a a b
- Tensile characteristies
=120 <125 3 in the rim 1 1 2 421
B B in the web 1 1 2 121
120 < v < 200 <75 E2 - Hardness on rim parts 1 1 2 422
'I - Hardness on rim (homogeneity) 100% 100 % 100 % E5.2
200 < v <250 <50 El - Impact tests 1 1 2 423
- Teughness® 1 1 1 425
- Heat treatment homogeneity 10 %< 1 2 4.3
v>250 <25 E0 - Inclusion cleanliness 1 1 2 441
- Internal intagrity
Rim 1003 100 % 100 % 442
hub 100 % - . 142
web 20 %= - - 442
- Residual stresses trends 1 1 2 F
- State of surface 100 % 100 % 100 % 461
- Surfare integrity 100% 100 %E 100 %8 463
» Max speed is 160 kmph for trainset TN [y dmenins oo || ooy | e | 47
p p * - Static imbalance 100 % 100 % 100 % 4.8
> H I 4 8 t t H H b I —_ 3 One analysis by cast. Sampling shall make it passible to ensure that the content measmared is representative of the maximum hydragen
ence, as per clause 4.6, max statiC Imbalance = casesntofhe
b The bydrogen content i determined 2ccording to the methads described in Anmex P (normative). [t has to be < 2 ppm far wheels of
categary 1and £ 2.5 ppm for wheels of category 2.
7 5 g l I l € Omly tread braked wheels. The resuls of the fracture toughness test of samples from a small hatch of wheels cn be assumed far
. a nal b delivered up to an averall total of 250 wheels in 2 twelve-menth period, provided that the remults of previous
fracture toughness tests were within spedfication.
0/ f t h f. 1 h d h I % Oy category 1 wheels
» As per table E.1, 100% of the finished wheels |: === @ @@
The rejection of ane wheel in a batch will require verification of the whele batch.
. . f Clause 5 Far qualification and E.53 for delivery.
shall be tested fo r static imbalance. 8 nacer e techmicl -pecestion, visus nspecton s defned i .54 ey sepiace rsgetic paricl iepecion
B Tresd diameter, bore diameter, tread run out, o sonfarmity £ permitted devistion from crcularfty on at least one whael

» Hence, it is suggested that, wheels (even rough
turned wheels) shall be procured in pre
balanced condition, duly marked (punched) as
E2 in all wheels.



Balancing of wheels



Wheel sub assembly (with brake disc)

, , . 0 e e Verwendbar fir:
1. Refer to deseription B-CM0OO. ¢2 .
2. Friction discs balanced, RAILCORP, TRANSADELAIDE %ui_whe_l__:__:__l__L_:__:_-_
o . ) . o . atum . . . . . .
max. residual imbalatce (per sider: U = 16gm Wy~ Taleranten _E_@Nuﬂshb .2 [Gewicht 116 kg
3. Shown wheel i35 mandatory for requirements of & interface, [116425601 gpezlu:-ﬁraugu::+
. - P Caht ke fe . £ra s . Oberilachen |Special qrey cast iren
4 Tihe. k.heil areas m|f\_1|||+ be designec d ere AT50RLG0LGUP _ hergestellt aus
4 ems packed separately. Dafum | Name
5. Component parts no. 2 ... 7 are included in deark, ;[:g:: ;:E“m RADBREMSSCHE I BE
. . - Coopw T Gepr. |24, SSNER -~
connecting parts kit 1164256/H Worr 130,01 12 Teeean 1120/ 460-22F
6. Moment of inertia | = 11.1 kgm? : MUC-R/BEE1  |ProfENGINEER | -
T Untoleranced di . R ansiane fn fe bl | | . .. KNORR-BREMSE Blatt
{. Unteleranced dimensions are dimensions for stallation, T AT TELAOE 21.1[,_i15|E,3€{» Syt i C130198/1 0

N
» Please note - Brake discs are already pre-
balanced by suppliers to 16 gm maximum.

4 Product definition

4.1 Assembly of components

4.1.1 General

Before assembly, the various components of the wheelset must fulfil the geometric requirements of the
specific documents that define them. In particular, the axle and wheels must be in the “ready to assemble”
state defined in EN 13262 for wheels and EN 13261 for axles.

The components of the wheelset can be shrink-fitted or press-fitted to the axle.

The wheels should be fitted with an oil injection hole.

The interference fits to be used must be defined by the technical specification, depending on the
characteristics of the material used for this element and the forces and moments to be transmitted through
the fit. This interference must be defined according to the geometric tolerances of the wheel seats whose
interference values are given in 4.1.2.

In the case of shrink-fitting, the whole wheel should be heated and its temperature should not exceed 250°C.
If a different heating method is used, proof must be provided that it has had no influence on the
characteristics of the wheel, as defined in EN 13262,

If another fitting method is used, it must be defined in the technical specification. It must at least
demonstrate that the characteristics of the axle and wheel as defined in EN 13261 and EN 13262 are not
affected by the fitting. Then the mechanical resistance of the assembly [see 4.2.1) must be demonstrated and

the traceability documents for each fitting must be defined to give the same type of information as that
defined in E.6.

The static imbalance of the two wheels on each wheelset must be within the same diametric plane and on the
same side of the axle. The static imbalance of the brake discs must be in the same plane as the wheels but on
the opposite side of the axle.

» Instruction in specification EN
13260 clause 4.1.1 for
assembly of brake disc with
wheel.
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b assembly (with brake disc) - contd.
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PRIPADNA KUZELOMTOST DIRY ¥ NABCU W RAMCI TOLERANCE 5 TIM, E VETS[ PROMER BUDE NA WNITRNI STRANE NABOJE.

WIKRES PLATI TAKE PRO DODAWKU VOLNTCH KOL S HRUBOVANTM PROMEREM DIRY MABODJE #212-2, DRSNOST Ra 12,5 pm, HWOTNOST 502 kg

1
2
3 MAXIMALNL STATICKA NEVIVAZENOST 75gm. POLOHU ZNACIT RAZENIM "EZ" A RADIALNIM BILTM PRUHEM NA VNITRN! STRANE VENCE.
§, ————=———— OZNACENY POVRCH NATRIT DLE NATEROVE SPECIFIKACE 4 TESNICT #ROUTTK r‘["]‘l‘ﬁ:_nf]fr"”hc FING A10 - ; L
5, NEOZNACENE POVRCHY (KROME DOSEDACI PLOCHY POD BRZDOVY KOTOUCE) CHRANIT DOCASNTM ANTIKOROZIVNIM NATEREM TECTYL 506, T T T L ,:. — — ! L=
BLATI v PRIPADE DODAVKY KOLA S BRIDOVYM KOTUCEM 3| Zhiow e e S UG TR e
§. UTAHOVACI MOVENT ZAVITOVE ZATKY JE 45%5 Nm. ) 7 TV ROTCUT — AHEEL GAE 015 — = N 5
7. 70BRAZENI BRZDOVFCH KOTOUZD JE POUTE INFORMATIVNL MONTAZ A ANTIKOROZNI OCHRANA DOSEDACI FLOCHY DLE SPECIFIKACE ¥NORR C130098/1 750,M450-21F ks kg
VYROBCE BRZDOVEHO KOTOUCE. 1 CELISTVE KOLD #337 — S0UD WHEEL #3572 1 BT
455016400030 EREKATZ ks |k
1. ANY SLIGHT TAPER WITHIN THE PERMITTED TOLERANCE MAY BE ON THE CONDITION THAT THE LARGER DIAMETER IS AT THE INBOARD SIDE OF THE HUE. o0 2NN/ ESCHIFTON FOLOTONRR (3L L0 TASCENUJCONTINE )
2. THE DRAWING IS ALSO VALID FOR DELIVERY OF SEPARATE SOLID WHEELS WITH ROUGH BORE #2122, ROUGHNESS Ro 12,5 um, WEIGHT 502 kg TEw | VRS DRANG MATERIAL/MATER POTIANOTE
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» During assembly of brake discs on wheel, imbalances on wheel & brake disc shall be
on diametrically opposite side — vide clause 4.1.1 of EN 13260. This shall be suitably
ensured by railway workshops / PUs.

> After assembly of brake disc, further marking by a radial strip of white colour — vide
note-3 in Bonatrans drawing — for ease of assembly with axle.



Wheel set assembly (assembly with axle for MC)
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» Instruction in specification EN 13260 clause 4.1.1 for assembly of wheels - confirmed
in note 3 of Bonatrans drawing also.

BS EN 13260:2020
EN 13260:2020 (E)

For a powered wheelset, balancing is achieved after the proper placement and balancing of each component
(wheels, brake discs and other components such as couplings and gears). Therefore, dynamic imbalance
measurement is not necessary.

» For motor coach wheel sets (powered wheel sets), dynamic imbalance measurement is
not necessary, as per clause 4.2.4.1 of EN 13260.
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Wheel set assembly (assembly with axle for TC)

. PROSTOR WYPLWEM TESNICIM PROSTREDKEM.

» Instruction in specification EN 13260 clause 4.1.1 for assembly of wheels - confirmed
in note 3 of Bonatrans drawing also.

» This is necessary to achieve max dynamic imbalance of 75 gm as per clause 4.2.4.1 of
EN 13260. 4.2.4 Dynamic imbalance /

4.2.4.1 Maximum permissible values

For the wheelset of a vehicle that can travel at speeds greater than 120 km/h, the maximum dynamic
imbalance values are shown in Table 2, They are measured in the wheel plane.

For category 1 wheelsets, the dynamic imbalance must be measured individually.

For category 2 wheelsets (speed greater than 120 km/h), the dynamic imbalance must be measured

individually, unless otherwise specified in the technical specification.

Table 2 — Maximum dynamic imbalance values

Speed Imbalance
km/h gm
120=5< 200 > 75

5=>200 50




Dynamic balancing of wheel set for TC
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» Brake caliper arm extends to brake disc. Very less clearance with wheel rim.

» Hence, counter weights shall be pasted 5mm inside (towards web) from wheel rim
face. This is necessary to avoid any infringement during brake application in worn
brake pad & worn brake disc condition.



Dynamic balancing of wheel set for TC - contd

Wheel diain mm RPM Speed in kmph

New Worn out Average New Worn out Average
Fiat 915 845 880 320 55.1915 50.9692 53.08035
T-18 952 877 914.5 320 57.42329 52.89939 55.16134

/

» As per MDTS-168, wheel RPM is 320. This corresponds to 55.2 kmph for new wheel
dia 915mm for Fiat bogies.

» For the same 320 RPM, with trainset wheel dia 952mm speed will be 57.4 kmph.

» Since, the difference in speed is marginal, same 320 RPM shall be adopted for trainset
TC wheel sets also. This will enable use of same settings in the machine.

» Counter weight’s profile shall be suitably matched to rim profile. This is necessary to
achieve surface contact and proper seating.

» All other instructions as per MDTS-168 shall be followed.

» It may be noted that, if static balancing instructions as per M/s Bonatrans drawings &
clause 4.1.1 of EN 13260 for 1) sub assembly of brake disc with wheel and 2) wheel &
axle assembly is followed strictly, counter weights for dynamic balancing will be
minimal only.



Loco W|th wheel mounted brake disc

» WAP-5 loco is provided with wheel mounted brake disc. This loco is fit for 160 kmph
hauling speed.
» RDSO is already aware of the balancing requirements of the wheel sets for this locos.

» Hence, for confirmation of balancing procedure and further clarity, RDSO may please be
approached.



Vertical load transfer

» Car body directly seated on
air springs.

" » Hence vertical load transer
as follows:

» Air springs — bogie frame —
primary springs — control arm
top — bush - bearings — axle —



Tractive forces in train set bogies - MC

» Traction motor (fully
suspended — fitted to bogie
frame) propels gear drive
mounted over axle through a
flexible coupling.

» Hence flow of tractive forces
as follows :

For Motor coaches: Traction
motor — flexible coupling —
pinion - gear wheel — axle —
bearings — bush - control arm —
control arm (rubber) bush —
bogie frame — traction rods —
traction centre — traction
centre bush — CP pin - car body
— coupler.




Tractive forces in train set bogies - TC

Motor coaches push / pulls the
trailer coaches in formation
through couplers.

For trailer coaches:

Coupler - car body - CP pin —
Traction centre bush — traction
centre — traction rods — bogie
frame — control arm (rubber)
bush — control arm — bush —
bearing — axle - wheel




Braking forces in train set bogies - MC

» Regenerative braking —
momentum of formation is
utilised to generate current
through motor and fed back.

Friction braking on all coaches:
Brake caliper units applies
brake force on brake discs fitted
to wheel.

Flow of brake forces :

Brake disc - Wheel — axle —
bearing — bush - control arm -
control arm (rubber) bush —
bogie frame — traction rods —
traction centre — traction
centre bush — CP pin - car body




Thank you !



