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Abstract (CC)

The word ‘railway’ is largely familiar to most people - we all had ridden one form of it

or another. However, what are locomotives and what does it take to make one?

To answer these questions, HSToon was born — towing the important milestone of
Newcastle’s first physical locomotive. Spreading out 4 main aspects of the locomotive:
bogie; body; electrical; manufacturing & logistics, this team of 8 engineers had
dedicated a year to design; correlating components; finance liaisons; and a hands-on

journey of manufacturing.

As engineers, the team did not just design a mechanically functional locomotive — the
team management aspect is equally as important. Efforts were made to ensure
information was updated to each other; anybody could brainstorm ideas in any way;
efficient collaboration; and everybody had an enjoyable educational experience.
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5. Bogie (LK)

Bogie is a system located underneath the locomotive vehicle body that contains the

wheels, axles, suspensions, and motors allowing the locomotive to operate on tracks.
(3) The final bogie design was an adaptation of the work done in 3™ year as well as

the work done by the previous 2021 railway team.

It was established very early at the start of the project that the bogie design that was
to be modified with the aim of manufacturing and entering the competition with will be

Connection Plate

Figuré -2: Year 3 bogi frame design with connection plate

Figure 5-1: 2021 Bogie system design

the design developed by 2021 railway team; the main reason for such decision was
that even though the design has some similar aspects to the 3™ year bogie design it
was more superior as it did not require the use of the connection plate which helped

to alleviate some weight off the bogie.

Figure 5-3 shows the final bogie
system design that was achieved by

the 2022 Railway team.

Below are the design justifications as
well as designs of how the whole

bogie system came to be together.

Figure 5-3: 2022 Railway Team
final bogie system design
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5.1 Bogies Degrees of Freedom (DS)

Due to the primary and secondary suspension,
the wheelset and body is allowed to yaw, roll,
and pitch with respect to the bogie. This
movement must be limited to avoid extreme
tipping moments on the body that can cause
the locomotive to topple over and derail. The
displacements must be enough to dampen
vibrations from track irregularities and allow for
cornering. The table below represents the
locomotives displacement magnitudes and
deflection angles of the degrees of freedom.

X
Shutt

Bounce

7.4
Roll

t:‘jL_,; i

i

Ve -
Yaﬁ?{ig’i;rfv'

Page 30

Figure 5-4. Degrees of freedom of the
wheelset, bogie, and body.

Table 5-1. Displacements and angles of deflection in each axis of freedom for the

wheelset and body relative to the bogie. (Calculations in appendix H-10)

Components in | Unconstrained

Constrained

Motion Relative Displacement | Displacement E:A:rtlks]?riiﬂ
elle mm | Degree | mm | Degree
Wheelset-Bogie | 40.6 - 15.6 - Axle box T-Bar
Shuttle (X) : :
Bogie-Body 28.6 - 0 - Traction Centre
Wheelset-Bogie | 40.6 115 1.53 | 0.439 Axle box T-bar
Roll (About X) : :
Bogie-Body 9.34 1.44 1.66 | 0.367 Anti-Roll Bar
. Wheelset-Bogie | 40.6 - 9.0 - Axle Box T-Bar
Lurching (Y) :
Body-Bogie 21 - 15 - Bump-stops
_ Wheelset-Bogie | 9.5 0.682 15 1.07° Axle Box T-Bar
Pitch (About Y) : :
Body-Bogie 25.2 0.682 |37.3| 0.99° No Constraint
Wheelset-Bogie | 50.5 - 15 - Axle Box T-Bar
Bouncing (2) i
Body-Bogie 358 i 21 i Traction Centre
Hooks
Wheelset-Bogie | 13.2 2.87 299 | 4.27° Axle Box T-Bar
Yaw (About Z) i i
Body-Bogie | 21 | 482 |115| 7 | Bushing Conical

Deflection Limit
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5.2.3 Bump Stops (CC, DS)
Bump stops are small rubber conical buffers that avoid metal-to-metal contact. As for
the case on the bogie frame, bump stops were required and to achieve the following

objectives:

e Avoid metal-to-metal contact between the bogie frame and bent plates of the
traction centre.

e Simultaneously not restricting the movement for the Traction Centre.

e Provide a 15 mm soft limit and 20 mm hard limit to the body’s lateral
displacement.

As seen in the image above, each bump stop assembly consists of an S275 mild steel
angle bracket (30x30x5mm), a rubber bump stops, 2 M8 bolts, and 3 M8 nuts for
fastening.

Only the sides of the traction centre needed bump stops to limit lateral displacement
because motion was restricted in the longitudinal direction. However, all four edges
had a bump stop in place for further security. Due to the unusual shape of the TC slot
on the bogie frame, to achieve the 15 mm lateral movement the TC originally had;
holes were made on the bogie frame but all 4 had different distances from the edge

as shown in the annotated image above. N

All bump stops were stuck out of the frame
slightly to ensure they could have
contacted the TC. For the same reason, the
rubber edge was deliberately positioned
higher than the metal angle.

Figure 5-8: CAD Sketch - Bump Stops
Positioned Allowing Contact with
Traction Centre.
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5.2.4. Frame Clearences (DS)
The design of the bogie frame top plate was

the last component on the bogie to be

finalised as its dimensions revolved around

the displacements of the wheelset and

traction centre during wheelset-bogie and

bogie-body relative motion. Clearance holes Figure 5-9: Clearance hole
were necessary for the traction centre, the motor dimensions for bogie top plate
mount linking arm, the brake cylinder, the motors cables, and the wheels to ensure
none of these components collided with the bogie frame during maximum relative
displacements or maximum angles of yaw, roll or pitch. The axle box t-bar clearance
hole was designed so it restricts extreme lateral bogie lurching to 10 mm. Calculations

for the required frame clearances can be found in appendix H-9.

5.2.5 Bogie frame FEA (JJ)

The bogie frame has a complicated shape. Therefore, FEA analysis has been used to
simulate the critical loadings — twist and static loading. To make the model work slots
had to be made perfect fit instead of a 0.5 mm clearance fit. Also, welds, some
brackets and bump stops have been removed to speed up the simulation, make it
more accurate and remove errors. Simulations have been carried out for Von Mises

Stress and displacement. Identical mesh has been used for both loadings
Static loading

One-half of the body weighs 200kg. Therefore, a force of 2 kN is distributed at the
secondary spring mounting location and equality reacted by 8 primary spring mounts.
The side panels which experience the highest stresses have 3mm mesh and the rest
of the bogie has 5mm mesh (Figure 5-9). Under static loading, the stress is 38.72 MPa
which is way below the yielding stress (Figure 5-10). Displacement is less than a
millimetre (Figure 5-10). High-stress concentrations are marked in red circles. The

design can be improved by increasing the corner radius in these areas. Red lines
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5.3.2.3 Anti-roll Bar Calculations (DS) 1304 N 1304 N
The anti-roll bar’s S355 mild steel torsion bar l’ | | 1
of 20mm diameter (5) must withstand a 0
torque of 78.2 Nm. This torque is the result of

the 1304 N centripetal exerted by the body g /8.2 Nm

when the locomotive travels at 15km/h (4.17 4) j 0
m/s) around an 8m curve. The previous sa

torsion rod was hollow with a 10 mm internal Figure 5-27: Anti-rollbar Torque & stréss

diameter whereas the new design is solid. The deflection sketch

shear stress can be calculated using:

16T

Tt=m (5—13)

Table 5-10. Safety Factors and torsional stiffness of Anti-Roll Bar

Desian Torsional Stiffness | Permissible Shear | Applied Shear | Safety
9 (Nm/rad) Stress (MPa) Stress (MPa) Factor

Previous | 2150 i 65.5 2.70

Current | 2827 49.8 3.56

Calculations for the torsional stiffness and the factor of safety can be found in

appendix H-7.

5.3.2.4 Manufacturing & assembly (LK)
The manufacturing process for the anti-rollbar assembly mainly consisted of laser-
cutting the sidearms, the lever arm, the bush brackets as well as the anti-rollbar-to-

chassis connection and then performing a weldment on them.

Parts such as the TLK-110 locking bush and the 1893192 bushing, and the FYTJ
bearings were bought in from RS-components and Simply bearings respectively. The
torsion bars were purchased from Metal supermarkets, and the spacers and bushing

lugs were manufactured in-house at the University.

The plan was to weld the 2 sidearms with the spacers, as well as weld the lever arms
with the bushing lugs then attach them all together using the torsion bar, that will pass
through the bogie widths from one end to the other; Fig 5-24 shows the explosion view

of how they all sit together.
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5.5 Traction Centre (TC) (JJ)

5.5.1 Requirements and specifications (DS)
The purpose of the traction centre is to transfer tractive effort and braking load from

the wheelset through to the body. The traction centre should:

e Fully restrict body longitudinal motion
e Allow for 21 mm of body vertical displacement
e Allow for a free body lateral displacement of 11.5 mm and a damped maximum
lateral displacement of 15 mm using hard and soft limits.
e Allow the body to yaw 4.82°
e Allow the bogie to pitch 0.682°
e Allow the body to roll 1.59°
e Have a clearance of 15 mm x 15 mm to allow for aforementioned freedoms
e Dampen yaw, pitch, and roll
e Be detachable from the body
5.5.2 Concept design (JJ)

The inherited design had flaws (Figure 5-38):

e The design was too weak to carry the load.

e The design was not centred

e The design was 44mm in the x-direction from the
centre of the mass which affects the ride quality

e The design was 33 mm in the y-direction from centre
of the mass which affects the ride quality

e Over-engineered support brackets (Figure 5-38)

e Bogie frame was limiting required movement Xx-
movement Figure 5-38: Inherited TC design from

e The design was limiting the required z-movement 2020-2021 locomotive team

e Clearance issues with the motor

e Calculations required

wby

Figure 5-37: Bogie movement axis Figure 5-40: TC support bracket
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local. Also, the force applied is equivalent to a heavy accident at 10g after which the

train would have to be rebuilt anyway.
Table 5-18: FEA analysis setup and results

Analysis specifications

Nodes 1133809

Elements 793009

Force applied 20 kN

Constrains 2 fixed supports at the top faces

Max deflection 0.7812 mm

Von Mises stress Max 666.6 MPa (local) and low 0.1 MPa

5.5.4.2 Chassis Connection Validation (CC, DS)

The chassis connection consists of a rectangular steel bar 7 16mm each
connecting the two aluminium billets on the sides. At the centre, it .

is to connect the bent plates, preferably permanently and firmly. It

was originally considered for the bent plates to be bolted onto the

chassis connection. However, the traction centre needs to take up
to 16kN of force, meaning 2x M16 bolts are needed at a minimum
level, with the bent plates being a mere 35mm wide the stress
concentration factor was driven up to 2.22. On the axis of the bolt

holes the plate experiences:

60671N

———— = 3791 MPa, this is far too high.
2.22X35mm

Subsequently, welding the TC assembly was deemed sensible.

As for the dimensions of the chassis connection bar, originally a | 1
65x40x6mm rectangular tube was selected. However, this is -

not available for purchase. Consequently, a new tube Figure 5-48: Dimensioned Sketch
of TC.

Shear Stress 75x50 x 3 mm

dimension was required. The final iteration suggested

75x50x3mm is the next safe option. To validate this, it

is important to note that this rectangular tube fails in

shear, not bending.

Torque

Whilst shear stress is defined as: 7 = e where A is

half-section area and t is wall thickness. The chassis

connection experiences 2100 Nm of torque, and its
Shear Stress

half-section dimensions were 72x47x3mm, giving Figure 5-49: Sketched Shear Stress
the half-section area: 0.003384 m2, Behaviour.
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2100 Nm
2%0.003384 mm2x3mm

= 103.428 MPa.

Shear stress is then equal to: 7 =

Even if the cheaper option of steel (S275) was used, this is still safe as the shear

strength of S275 steel is: ZZLS = 137.5 MPa, the required shear load would not exceed

137.5
= 1.33.
103.428

the material shear limit, with the safety factor of:

5.5.4.3 Anti-buckling Bar — Validation (CC, DS)
B C

S275 steel is used for this, however, a new
thickness was required hence an extra step of

validation iteration took place.

Taking pivot point at point A, the moment it
experiences is 4182Nm. BC is in compression;

. AB is in tension. The member experiencing the
Horizontal Force

highest force is AC (by Pythagoras Theorem,

A
Figure 5-50: Force lllustration for we get 63882.60595 N).

Anti-Buckling.

2
The critical load is defined as: P, = =

KXL2

If the plate thickness is 8mm, which was the proposed new dimension it was deemed

too thin, one gets a 2" Moment of Area of 2.56 x 10° m*. Its critical load is:

2 9 -9
PO — m“X210%X10°%X2.56X10 — 146406.794 N.
(2%0.098185)2

146406.7937
= 2.292

Safety Factor = eagasc0595 —

The proposed plate thickness 8mm was deemed safe and implemented.
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55.4.4 TC Hook
The TC hooks Ilimits the

body’s vertical displacement

21 mm

Second bd® 0.008 x 0.043
moment of| 712 ~ 12
inertia (1)
Bending Io 1x275x10°
moment (M) v 0.02
Total Force (F) 2kN x5

i M
distance (d) F= 0.0586m
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The TC hooks must be able to
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Type: Von Mises Stress

Unit: MPa

02/05/2022, 02:53:59
355

284

0Mn

-

Figure 5-51: Maximum stress for the TC-hook analysis

carry a load of 10kN as well as limit a vertical displacement of 21mm with a safety

factor of 5.

The final TC hooks have 35mm, this is less than the one calculated as the design of

the hooks was taken at worst case scenario. 35mm should be more than enough to

handle the bogie weight and stop the bogies from falling off when the chassis is lifted.

Figure 5.52: Final design

Table 5-19. Final design

Number

Part

Bushings

Hooks

TC bent plate

Connection flange

Aluminum extension billet

Chassis connection

Anti-buckling plate

O IN[O LB |WN

TC straight plate
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5.6 Bushings, Couplings and Lugs (DS)

Every mechanical component on the bogie uses bushings to couple their mechanisms.
Bushings allow for conical and torsional motion whilst restricting radial and axial

movement by absorbing energy through elastic deformation.

Every bushing has been interference fit into a E235 Mild Steel round tube. The tubes
were welded to connecting plates then bored out to its respective diameter. Welding
cannot be applied directly to the rubber bushes because the elevated temperatures

would melt the rubber and destroy the bush.

5.6.1 Traction Centre Bushings and Lugs (DS)
The Traction Centre bushings should:

e Allow the body to vertically displace 21 mm
and yaw 4.82° relative to the bogie

e Allow the body to laterally displace 15 mm
and pitch 0.99°

e Allow the body to roll 1.59°

e Withstand a radial force of 1840N to transmit
tractive effort.

e Withstand very small axial forces

e Be easily replaced

Below shows a table comparing the required

Torsional
Deflection

(. Bushing B
Bushing A \ Rt
bnical
Defleg

Figure 5-53. Degrees of freedom
required by traction centre bushings.

specification against the FIBET FBNA 1230:3434 bushing used at both A and B.

+15mm

Table 5-20: Traction Centre Bushing Loads and Deflections (appendix H-3)

_ Loads Deflections
Bushing : : : :
Axial (N) Radial (N) Torsional (°) Conical (°)
Bushing A 0 1840 12.9 9.12
Bushing B 0 1840 12.9 4.82
FBNA1230:3434 | 55 3400 30 7

It is clear from above that bushing A’s conical deflection
requirement exceeds that of the chosen bushing. This large

deflection is to facilitate a maximum lateral body displacement of

+15 mm which only occurs at maximum cornering. Bushing A will

Traction centre
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subsequently provide damping to the body’s lateral displacement when it exceeds a

value of +11.5 mm.

The two bushings are interference fit into E235 Mild Steel tubes connected to each
other by two 6 mm plated welded on three sides with a weld area of 400 mm? giving a
safety factor of 4.2. It should be noted the traction centre bushing plates connected to

the bogie were moved 40 mm apart to account for yaw.

5.6.2. Motor Mount Linking Arm Bushings and Lugs (DS)
The Motor Mount bushings should:

Bushing D

e Withstand a radial force of 777 N

e Withstand very small axial forces

e Be easily replaced

e Allow the unsprung assembly to yaw 1.15 degrees relative
to the bogie

e Allow the unsprung assembly to displace vertically,
laterally, and longitudinally a distance of 15 mm, 6.82 mm,
and 15.6 mm respectively relative to the bogie.

124 mm

15mm by
rotation
about C

A conical deflection of 7.82° would be needed for Exhibition Park

where the wheelset yaws 2.87°, causing the bogie to laterally Bushing C

displace 17.03 mm. A method to resolve this would be to increase GBI

+15.6 mm
Figure 5-55. Degrees of
freedom required by motor
mount bushings

the distance between the bushing centres from 124 mm to
163 mm resulting in a 6° conical deflection which can be

facilitated by the newly purchased FIBET bushing.

Table 5-21: Motor Mount Linking Arm Bushing Loads and Deflections (Appendix H-4)

Bushing Logds . Defle_ctions _

Axial (N) Radial (N) Torsional (°) Conical (°)
Bushing C 0 777 2.98 3.15
Bushing D 0 777 7.23 3.15
FBNA1022:1517 | 110 1035 25 6

The two bushings are similarly press fit into bored E235 Mild Steel

tubes connected by a welded 6 mm plate with a weld area of 50 mm?
giving a safety factor of 3.3. The S275 steel connection plate
experiences a force of 31060 N acting under 20g acceleration and

has an area of 164 mm? giving it a safety factor of 1.45. The bushing

Figure 5-56. Motor
Mount arm bushing
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lugs have a safety factor of 19.6 without accelerations and 0.98 with 20g acceleration

meaning they will need replacing in the event of a crash.

5.6.3. Anti-Roll Bar Bushings (DS)
The anti-roll bar (ARB) bushings should:

e Withstand a radial force of 1304 N

e Be easily replaced

e Allow the body to vertically displace
21 mm and yaw 4.82° relative to the .
bogie Conical

e Allow the body to laterally displace Deflection Deflection
15 mm and pitch 0.99°

e Dampen the body roll below 1.6°

e Withstand the torsional moment resulting
from cornering the minimum radius at maximum
speed maximum cornering.

Table 5-22: Anti-Roll Bar Bushing Loads and Deflections (Appendix H-6)

required by traction centre

Bushing Loaqls Deflgctions _ Moments
Radial (N) Torsional (°) | Conical (°) | Torsional (Nm)

Bushing E 1304 4.92 9.59 0

Bushing F 1304 24.8 9.59 26.1

FBNA1230:3434 | 3400 30 7 40.8

The bushing used in the anti-roll bar mechanism for the 2022 design is the RS PRO
1893192, however there is no datasheet for this bushing available online so the validity
of it meeting this specification cannot be confirmed. It is recommended for future
years to use a FBNA 1230:3434 bushing from FIBET to meet the specification, the
same bushing used to couple the traction centre. This bushing will allow for 7 degrees
of conical deflection, facilitating 11.0 mm of lateral body displacement. The remaining

4 mm of displacement will be dampened by bushing E and F.

The bushings are interference fit into bored out E235 Steel tubes that
have been welded to a 6 mm thick, 25 mm wide S275 connection plate
giving them a separation of 90 mm. The connection plate experiences
a force of 1304 N and a bending moment of 26.1 Nm giving it a safety

factor of 8.6 assuming 5g acceleration.

Figure 5-57. Degrees of freedom

Figure 5-58. Anti-Roll Bar

bushing lugs
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5.6.4. Steering Link Bushings and Lugs (DS) 21 mm vertical displacement

‘ 15 mm lateral displacement

The steering bushings should:

e Allow the body to laterally displace 15 mm

e Allow the body to vertically displace 21 mm

e Have sufficient conical and torsional

stiffness to ensure sufficient overall rigidity

of the steering link to allow for active
steering.

Figure 5-59. Degrees of freedom

required by traction centre bushings.

The table below displayed the values of the conical and torsional deflections of
bushings G to L in the steering link as labelled in figure 5-58. It is extremely important
to note that bushing M was unconstrained from the bogie frame which isn’t the case
in reality. This incorrect assumption was used so the worst possible conical and
torsional deflections would be calculated. A safety factor would be integrated if design

was done to meet these extreme values.

Table 5-23: Steering Link Bushing Loads and Deflections (appendix H-5)

Bushing G H I J K L
Conical Deflection (°) 3.25 2.14 5.74 5.74 3.25 2.21
Torsional Deflection (°) 17.9 17.9 4.56 4.56 3.06 3.06
Max Radial Force 991

The current bushings used in the steering link mechanism are the RS PRO 1893192.
Since again no datasheet is available to verify their suitability to meet the dynamic
specification, FBNA 1022.1517 bushings bought from FIBET are recommended for
future years for bushings G to E shown in figure 5-59. Their limitations are outlined
in table 18.

The bushing lugs used for the steering link are the same as those used for the anti-
roll bar shown in figure 5-58. Further calculations on the steering link can be found in
section 6.1.6. and appendix H-8 It is recommended for future years to increase the

thickness of these lugs to endure larger impact forces.
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6 Unsprung Assembly (DS)

6.1. Calculations (DS)

It was vital that stress analysis was performed on all aspects on the locomotive to

ensure it could withstand the applied loads during operation. Since the actual forces
experienced by the locomotive are unknown, the team has designed components to
withstand the force multiplication factors demonstrated below (assuming g =
gravitational acceleration = 9.81 ms):

Table 6-1. Table Displaying Force Multiplication factors

Table Displaying Force Multiplication Factors
Direction of Motion Unsprung Assembly Bogie Body
Vertical Load z (N) 20g 5¢ 29
Lateral Load y (N) 10g 10g 29
Longitudinal Load x (N) 10g 10g 10g

The masses of each of the locomotives major assemblies can be found using:

Force,, , = mass X multiplication factor,, , (6—-1)
Table 6-2. Resulting Forces acting on the Locomotive
Resulting Forces acting on the Locomotive
Assembly Unsprung Assembly Bogie Body
Mass (kg) 67 202 520
Vertical Load z (N) 13145 9908 10202
Lateral Load y (N) 6573 19816 10202
Longitudinal Load x (N) 6573 19816 51012

6.1.1. Tractive Effort and Axle Torques (DS)

The tractive effort of a locomotive is the maximum
force it can exert at its wheels before slipping
occurs. It is a function of the adhesion coefficient

u and locomotives mass m and can be calculated

using (full calculations in appendix F-4):

Frp = pmg = 0.375 X 924 X 9.81 = 3354 N (6 — 2)

,=-5253N

Figure 6-1. Wheel Contact Forces and Torque



Railway Challenge MEC8099: Team 11 Project Report Page 80

The maximum torque on the driven axle before slip can be calculated by multiplying

the maximum tractive force per axle by the wheel’s radius.

Tractive Ef fort x Wheel Radius 3354 X 0.125

= = 104.8N -
Number of Axles 4 04.8Nm (6 - 3)

Driven Torque =

This value can’t be used when calculating torque safety factors of the friction coupling
components used. This is because an adhesion coefficient of u = 0.375 is assumed,
however, depending on the environmental conditions this value could be higher
resulting in a higher driven torque. The safest way to calculate torque safety factors is
by analysing the maximum torque the motor is capable of outputting. This can be done
by assuming a linear relationship between the torque and the current. The equation of
the red line in the motors characteristics curve figure 6-2 below is:

Where y equals the current [Amps] and x equals the torque [Nm]. The maximum
current the Motenergy 1718 motor can pull is 300 amps giving a maximum torque of:

Max Current — 4.4 _ 300—44

Max Motor Torque = =37.7Nm (6—4)

7.85 7.85
Eff. Watts Volts Amps RPM
1.00- 10000- 100~  200- 10000- T
0.90- 9000-  90- 180- 9000- — Amps

/ Volts
0.80- 8000-  80- 160- 8000- Volts

|~ |Watts Out ‘
0.70- 7000-  70- 140- 7000- > Eff. ' r
0.50- 5000- 50- 100- 5000- -
i\—w —

0.40- 4000-  40-  80- 4000-
0.30- 3000- 30- 60- 3000-

0.20- 2000- 20-  40- 2000-

0.10- 1000- 10-  20- 1000-
0.00- 0- 0- 0- 0--

/ |
0.60- 6000-  60- 120- 6000- \
[ T ,
/
|
‘/
0

2 4 6 8 10 12 14 16 18 19
Nm

Figure 6-2. Table Displaying Force Multiplication factors

The maximum torque experienced at each wheel is the same as the torque
experienced by the larger driven pully. This torque can be calculated by multiplying
the maximum motor torque by the belt drives reduction ratio. The reduction ratio can

be calculated using:

Large Pulley Teeth Number N, 80
=—=—=3.64 (6-15)
Small Pulley Teeth Number N, 22
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The maximum torque at the wheels and large pulley is therefore:
Max Motor Torque X Reduction ratio = 37.7 X 3.64 = 137.3Nm (6 —6)

The maximum torque in the anti-roll bar was rounded in section 5.2. to be 78.2 Nm.
Below is a table summarising the torque safety factors of all friction couplings used in

the locomotive and full calculations can be found in appendix F-6:
Table 6-3. Friction Coupling Torgues and Safety Factors

Friction . Permissible Applied
Coupling HOCEHITR Torque (Nm) | Torque (Nm) SEUE [FEED)s
OKBS11 Wheel-Axle 2880 16.5
Ringfeder 138
7012 Pulley-Axle 1154 8.36
TLK110 Torsion Rod 220 78.2 2.81

6.1.2. Wheel contact forces (DS)

The wheel contact forces need to be found
to calculate the stresses experienced by
the bearings, the shaft and the axle boxes.
This was necessary to verify the structural
soundness of the mechanisms and

highlight necessary design changes.

2962 N

5253 N

These forces were found by multiplying the
: . Figure 6-3. Wheel Contact Forces
wheelset mass by their corresponding force
multiplication factor from table 6-1, followed by the addition of torque effects for the
longitudinal direction and static loading for the vertical direction. This value was then
divided by the number of wheels the force was shared over. Detailed calculations
can be found in appendix F-3 and the table below summarised the maximum contact

forces experienced at each wheel.

Table 6-4. Table Displaying Wheel Contact Forces
Vertical Force (N) | Lateral Force (N) | Longitudinal Force (N) | Radial Force (N)

SF, 3F, SF, SF,

5253.2 3924 2962 6031
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6.1.3. Axle Forces and Validation (DS)
It is vital to calculate the maximum stresses experienced by the shaft to validate its
suitability for the locomotive and safety factors. Using the forces calculated in section

3.2 and the dimensioned cross section drawing of the shaft below, shear force and

bending moment diagrams can be constructed.
B-B(1:3)

472.5
520

Figure 6-4. Lateral, Longitudinal and Vertical forces acting on shaft

From the shear force and bending moment diagrams below we can see that:

Mx

P]= 5253 Pz= 5253 R R
R, R R Re M 118 M= 118k 118
: ? MA4510 M= 130 ;’-\” o ;\
I_”~ I H, ~ W G vv'/
-r‘! 0.08 (m ] 0.26 (m| 0.08 (m ".'F. *'. 015 (m ILw:
15253 | 248332 SORbS
0 o 0 0 Q 2 S

. -
5253

-34.65

118(-118

i \
2381
| ) \ 9 a Mx olo

130
(9419
118

Figure 6-5. Shear Force and Bending Moment Diagrams in the Vertical, Longitudinal
and Lateral directions (from left to right) on each Wheelset Axle

4349 44383
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e The maximum shear force is 5253 N acting between the axle box bearings

and the wheels.

e The maximum bending moment is 510 Nm acting between the wheels due

to vertical loading.

Using the modified Goodman diagram method involves calculating the axial and

transverse forces acting on the wheelset axle to find the equivalent stress. This is
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necessary in conjunction with the method above to find the largest stresses.

Table 6-5: Mean, Alternating and Equivalent Stresses Experienced by the Driven Shaft

Stress oyt equ

Stress Formula Value
4F 32M
Worst Normal Stress a . 3.12 + 108 MPa
Oworst wd? 1d3
Worst Shear Stress ﬁ 16T 480 + 9.39 MPa
Tworst nd? md3 R
Equivalent Mean Stress
g2 2 8.9 MPa
Omean,equ Oin + 3T,
Equivalent Alternatin
d g ’acflt + 372, +109.2 MPa

Equivalent Stress g,y

Ocqui = Omean,equ T Oait,equ

8.9 £ 109.2 MPa

The shafts strength is affected by three main factors:

e Endurance Limit of Steel k; ~ 0.5UTS

e Surface Finish (this shaft is turned) k, =~ 0.75UTS

e Size Factor k; = 0.83UTS

Stress concentrations don’t need to be considered because there are no keyways or
steps in the shaft due to the use of friction couplings only.

By multiplying the ultimate tensile stress of steel by the three values above that are
found using a modified goodman diagram (in project folder), the alternating and mean

stress factors of safety can be calculated. A detailed walkthrough all corresponding

shaft calculations can be found in appendix F-1.

Table 6-6: Current Shaft Geometries Safety Factors

Mean Stress

Alternating Stress

Permissible Stress (MPa) 660 +205.4
Maximum Applied Stress (MPa) 8.9 +109
Safety Factor 74 1.88
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6.1.4. Bearing Forces and Validation (DS)
It was vital that bearing
calculations were
performed and the forces
they would experience were
analysed to create a
specification to choose a

safe, long-lasting bearing.

Figure 6.6 shows the forces

_ ) ) Figure 6-6. Lateral, Longitudinal and Vertical

bearings and axle box bearings. The eccentric device bearings have less mass to

support (only the motor, mount and brakes), however they must resist the pulleys
maximum belt tension force of 772N. The axle box bearings experienced much larger
radial loads as they must support the bogie and bodies weight. Full bearing

calculations can be found in appendix F-2.
Table 6-7: Predicted Bearing Life, Operational Distance and Safety Factors
Bearing Location | Safety Factor | Distance (km) | Days of Continuous Use

Axle Box 6.5 174000 km 485 days
Eccentric Device 3.5 4625 km 12.8 days

The bearings chosen for the axle box and eccentric device are SKF YSA 209-2FK

bearings held to the 40mm diameter axle by a H2309 tapered adapter sleeve.

6.1.5. Axle Box Calculations DS
The axle box design was adopted from two years
ago, but it was vital to verify the structural integrity of

the design under the new forces experienced.

Applying the longitudinal, lateral and tangential wheel

contact forces to the axle box, the spring seats lowest

safety factor was 4.92 using:

O Q
Thickness = 12 mm

Figure 6-7. Axle Box
Dimensions

FShear _ oy X A

2F 6=7)

Safety Factor =

Calculations of the safety factor and weld areas can be found in appendix F-8.
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6.1.6. Steering Link Calculations (DS)
Calculations were performed on the steering links

to validate their dimensions, ensuring they can
withstand the extreme accelerations and forces ,; — B
expected. This involved calculating shear and

planar stresses as well as finding the critical Figure 6-8. Steering Link
bucking load. The shear stress and planar stress safety factors Dimensions

were found using Hooke’s Law. The critical buckling load was found using Euler’s
theorem applied to the longest member where buckling is most prominent.

Table 6-8: Steering Link Safety factors

Criteria Applied Value Permissible Value | Safety factor
Shear stress 275 MPa 2.17
Planar Stress 127 MPa 137.5 MPa 1.08
Critical Buckling Load 1982 N 6161 N 3.05

6.1.7. Springs and Spring Seat Calculations (DS)
Calculations were performed on the primary and secondary suspension springs to

validate the spring choices and determine safety factors.
Table 6-9: Steering Link Safety factors

Spring Stiffness Full compression | Max Applied | Factor of
Location Rate (N/mm) Force (N) Force (N) Safety
Primary Sus. 24.5 1128 1104 1.02
Secondary Sus. 41.2 2718 1226 2.21

It should be noted that in the table above, 2g vertical accelerations were used for both
the body and bogie when calculating the safety factor of the primary A
suspension springs. If a vertical acceleration of 5g was used for the
bogie as suggested in table, a safety factor of 0.61 would have been
produced. This suggests the primary suspension springs will bottom
out when subject to impact loads or sever track irregularities. An

extensive sum of money would have to be spent if this issue was 1 @ :
to be rectified for this year’s locomotive as the Acorn order was  Figure 6-9. Bottomed Out
placed before this issue was discovered. For future years, a Primary Suspension Spring
stiffer and/or longer spring is suggested for the primary suspension along with an edit

of the bogie frame.
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The primary and secondary suspension spring seat design and manufacture was
greatly simplified by using a bought in Igus GFM-2023-16 and GFM-2730-20 flanged
bushing respectively, both with a yield strength of 60 N/mm?. The initial design was
an Acetal component with yield strength 30 N/mm? that required heavy machining
resulting in long lead times and material wastage. The new design was stronger,

cheaper, faster, and easier to manufacture.

Figure 6-10. Old Primary Figure 6-11. New Primary
Suspension Spring Seat Suspension Spring Seat

6.2. Belt Drive (JJ)

The previous years decided to use belts and sprockets from Gates. Small sprocket

with 22 teeth, big sprocket with 80 teeth and poly carbon belt. The gear ratio gives the
required performance from the motor and carbon reinforced belts provide longevity,
safety and strength required for the application. Gates catalogues have been checked
to make sure that the design is correct. The length of the belt was chosen based on
the centre distance between axle and motor shaft combined with the size of sprockets.
The initial belt drive design was created using 8MX-22S-21, 8MX-80S-21 and 8MGT-

1

8
Figure 6.12: Cross section of the small sprocket assembly and design view of the big
sprocket
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6.3. Motors and Mounts (DS)
6.3.1. Specification (DS)

6.3.1.1 Railway Challenge
Below outlines the specification of the traction system to successfully operate in the
Railway Challenge.

e Operate the locomotive for 3 hours at 5km/h on a 2% (1.15°) gradient trailing a
400kg load
e Haul and start a trailing load of 1800kg on a 2% (1.15°) gradient.
e The drive train should be capable of providing a maximum tractive effort of
3679N at the wheels before slip occurs.
e Fit between a 10.25” (260.35 mm) gauged wheelset.
e The motor should remain parallel to the driven axle during all driving conditions.
This includes considering:
o A minimum cornering radius of 20m
o A maximum track twist of 6mm over 250mm
o Allow for a 1.15° wheelset to bogie yaw
e The motor mount should allow for quick belt tensioning/relaxing facilitating the
removal of the wheelset within 120 seconds for the Maintainability Challenge.
e The traction system should be as quiet as possible for the Noise Challenge.
¢ Vibrations should be sufficiently damped for the Drive Comfort Challenge.

6.3.1.2 Exhibition Park

Below outlines the specification of the traction system to successfully operate at
Exhibition Park.

e All the requirements in the above section 2.1.1.
e Haul and start a trailing load of 1800kg on a 12.5% (7.13°) gradient.
e Fit between a 9.5” (241.3 mm) gauged wheelset.

6.3.2 Motor Mount (DS)

Minor changes were made to the previous
year's design of the motor mount and
eccentric device. The motor mount linking
arm required a different bushing and
separation distance. The diameter of the
bearing clearance hole in the eccentric
device needed enlarged by 50 microns and

one of motor mount side plates needed

modifying to fit over the motors power and
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data cables. The eccentric device is used as the pulleys
tensioning mechanism. The centre hole of the bearings on the
device is off-centre 7.5 mm meaning the axle can be displaced
+15 mm longitudinally from the pulley allowing easy tension
and relaxation of the belt. Stress analysis was carried out on
every component within the motor mount to validate its

structural integrity against the accelerations expected.

Stress analysis was carried out on all components within the
motor mount to ensure the Figure 6-19 Eccentric Device
design was sufficient to withstand the accelerations and
forces expected. FEA was done on the motor mount side

i 1554 N " plates and hand calculations were performed on the

14

connecting bolt to determine an appropriate grade and

diameter. Assuming 3 points bending on the bolt and a

|

-

Figure 6-20 Connecting Bolt
Three Point Bending

Table 6-11 Safety Factors of Motor Mount Connection Bolt

92.37 30 force of 1553 N acting through the motor mount linking

arm, the stresses are as follows:

Nature of Stress | Actual Stress (MPa) | Permissible Stress (MPa) | Safety Factor
Shear Stress 15.1 300 19.9
Bending Stress | 338 600 1.78

Detailed hand calculations of the forces and moments
experienced the linking arm and connecting bolt are
shown in appendix F-10. The permissible stresses in
the table above are for an M10 grade 8.8 bolt which
was decidedly used in the final design. Validation of the
6 mm thick S275 motor side plates was done through

FEA when a stress of 226 MPa was experience when

acted upon by a 2 kN of force.

Figure 6-21 Motor Mount Panel
FEA Stress Analysis



Railway Challenge MEC8099: Team 11 Project Report Page 93

6.3.3 Calculations (DS)

As with every year, calculations were required to be performed for the IMechE to
ensure the designed locomotive was suitable to participate in the Railway Challenge.
This involved ensuring the motors and batteries were capable of outputting enough

power safely to satisfy items 1 and 2 in the specification above.

Mcg Fp=(My+M;)gsinb
Figure 6-22 Free Body Diagram of Locomotive Trailing Loads at a 1:50 gradient

The Sevcon gen 4 Size 2 motor controller has a maximum current output of 110 Amps
(for 60 minutes) meaning the motors must not pull a current that exceeds this at any
point during the competition. Current calculations were performed for all challenge
conditions using equation 6-4 with the voltage assumed to be 48 volts per locomotive
half. The results are shown in the table below and verify the motors and motor

controller are very capable. Full calculations in appendix G-2.

Amps Pulled by Motor
Condition 5km/h 15km/h
M, = 400 kg 1.99A 23.9A
M. = 18000 kg 3.99 A 12.0 A
Max Tractive Effort = 3680 N 26.6 A 79.9 A

Table 6-12 Motor current Requirements for Various Operation Condition Appendix G-2

Force X Velocity _ kv
4 (number of axles) x Voltage ~ 4V

Current Pulley = 1 = (6 —14)

The total energy required for the locomotive to trail 400kg up a 2% gradient for 3 hours
at 5km/h was calculated to be 4.14 MJ. Each battery carries an energy capacity of
1.94 MJ (assuming a 40% capacity loss to account for deterioration) meaning the total
locomotive energy capacity of 15.6 MJ allows for challenge to be completed nearly 4

times before a recharge is necessary. Refer to appendix G-3.
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6.3.4 Changing Wheel Gauge (DS)

It was necessary that a mechanism is in place to accurately change the wheel gauge
between 10.25” and 9.5”, allowing the locomotive to operate at both Stapleford and
Lakeshore respectively. The simplest method involves using three spacers that slot
on the axles between the eccentric device and 80 toothed pulley to provide necessary
areas of clearance. The wheels and pulleys friction couplings are then tightened to the
specified torque followed by the removal of the axial spacers. The axial spacers

should:

e Ensure the wheels are constrained perpendicular to the shaft
e Allow the wheelset to be easily adjusted between a 10.25” gauge and a 9.5”

gauge o5
e Be easily removeable from the shaft after component

VAV

tightening
e Be machined to a tolerance of +0.05 mm

The initial design was quickly dismissed due to the unnecessary

overcomplication of the design. The idea was to have the spacers

fastened together with socket cap screws as shown in appendix B

53.53

X but upon reflection, it was realised these screws were

unnecessary. The final design shown in figure 6-23 consists of 5

horseshoe plates of varying thickness machined from a round bar Figure 6-23 Axle Spacer

of 6082T6 aluminium. Three of the plates are used to separate the Dimensions

wheels for a 9.5” gauge and all five plates are used for the 10.25” gauge.

Spacer Thickness | Quantity 10.25° Gauge 9.5” Gauge
7.76 1
9.52 2
16.8 1
18.5 1

Table 6-13 Spacer Thicknesses and Corresponding Gauges

6.4. Primary Suspension (AP)

Responsible team member has received an extension, section to follow shortly.

6.5. Axle Box (AP)

Responsible team member has received an extension, section to follow shortly.
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8. Dynamic Loading Gauge (JO, DS)

8.1 Significance of Dynamic Loading Gauge

Each time the dimensions pertaining to the lateral and
vertical extension of the locomotive were adjusted, a review
of the kinematic loading gauge had to be performed. It was
imperative that the locomotive fell within the specified
loading gauge as residing outside of these dimensions
would result in a failure to compete. The constraints of the

kinematic loading gauge can be seen in the IMechE handout

appendix K-1. The dynamic loading gauge was critical as it

helped define the allowable motion and exterior dimensions _ _
Figure 8-1-1 2022 Locomotive

of the locomotive. within Dynamic Loading Gauge

8.2 Initial calculations

Calculations began on December 7" when an entire model of the locomotive was
assembled. The key areas of impactful motion were identified, laying the foundation
for all further calculations. These were the horizontal and vertical components caused

by curving, primary suspension, and secondary suspension.

Though the degrees of freedom and movement had been correctly identified on the

locomotive, the calculations associated with them need to be revised.

Though the degrees of freedom and movement had been correctly identified on the

locomotive, the calculations associated with them need to be revised.

8.3 Secondary calculations

Following the realisation that the calculations were incorrect, a meeting was held on
December 13" with the project supervisor to amend these mistakes. The most

complex of these calculations were primary and secondary roll.

During this review two important values were identified, the position of the body’s
widest extent and the transverse tipping force at the centre of mass. The dynamic
loading gauge varied considerably from where it was measured in relation to height,
identifying the worst heights on the locomotive which occurred at the body extremities
allowed for a simplification of the calculations into 2 criteria: the locomotive had to fit

within the dynamic loading gauge when measuring from the roof, and when measuring
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from the bolt heads on the c-channels. If the locomotive met these parameters, it would
meet all others. The transverse tipping force was also important as it helped constrain

primary and secondary spring travel, as well as identifying the hazardous forces.

With the realisation that the model of the locomotive was outside of the dynamic

loading gauge, several suggestions were made in order to assist in lessening the

overhang and reduce displacement.

The first suggestion was to change the bogie centres,

the distance of which impacted the overhang | A

specifically. First the optimum centre distance for the | T\ h

bogies was determined, where the parameters w and 1 ' —

y are approximately equal. This was achieved through -

trial and error. This distance was deemed unusable

: sketch 'E)f dynamic
unchanged. loading gauge overhang.

due to collision with rigid body parts, thus remained

Another suggestion was to increase the antiroll bar stiffness. The antiroll bar’s initial
design was a hollow steel tube, changing the hollow tube with a stiffness of
2149.2Nm/rad for a solid bar of stiffness 2827Nm/rad which corresponded to a change
in lateral displacement of 0.17mm. This change alone was insufficient. Another way to
increase the stiffness of the antiroll bar was to reduce its length, originally 120mm to

60mm reducing the lateral displacement by a further 0.61mm.

A third suggestion was to cut material from the body. By physically removing the exact
amount of material at the points of overhang, it would eliminate all problems with the
dynamic loading gauge immediately, though this would create other, more pertinent

problems. This would have been a last resort after all other attempts.

8.4 Final Results

Modifications had to be agreed upon for the locomotive to be confined within the

loading gauge. To allow the entire locomotive to fit, the anti-roll bar stiffness was
increase by using a solid torsion bar, and the lateral displacement of the secondary
suspension was limited to £15mm. To accommodate the body at the maximum width,
the types of bolts were changed from hex cap socket bolts to button head socket bolts,

reducing the bolt distance on either side by 5.4mm. The adjustment of the bolts not
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only assisted dynamically, but also improved the visual appearance with a slimmer,
smoother figure; and structurally, distributing the large forces over a wider surface

area. Detailed calculations of the displacements are found in appendix G-1.

Table 8-1. Causes and Magnitude of Displacements of Locomotive and Total Safety
Clearance. Appendix G-1.

Dynamic Loading Gauge (DLG) Summary
Cause of Movement Deflections/mm
A (Top of Body) B (Widest point on body)

Primary Suspension Laterals 10 10
Secondary Suspension Laterals 15 15
Primary Roll 21.7 6.8
Secondary Roll + ARB 6.9 4.1
Horizontal Curvature 315 31.5
Total Deflection 85.1 67.4
Clearance of DLG 26.9 6.5

9. Low Voltage Electronics & Control (AH)

9.1 Fire Detection & Battery Temperature Monitoring (AH)

9.1.1 Op-amp & Comparator Selection

Initially, LM741 op-amps were specified as the default op-amp for all low voltage
circuits due to their relatively low cost, wide availability, and good overall functionality
and performance. Specifying uniform component models was desirable, allowing

lower prices to be accessed through bulk purchase and enabling simpler repair,

requiring a smaller stock of reserve Table 9-1: Comparison of Key Data of

LM393P (10) and LM741 (11)

components. Alternative op-amps were used in

specific circumstances, the reasons for which LM741 LM393P
required justification. Channels 1 2
Comparator integrated chips (ICs) were not | Pins 8 8
previously specified. It is possible to use an | Price £1.02 £0.50
LM741 op-amp as a comparator, however, | Supply Current 2.8mA 0.8mA

comparators with multiple channels exist,
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13.2 Recommendations for Future Work

13.2.1 Bogie (DS)

Increase the length of the anti-roll bars connecting arm to produce a larger
resisting torsional moment. This would subsequently require more capable
bushing in the mechanism.

Perform rigorous FEA on the bogie frame to reduce the bogies overall mass by
removing material in areas of low stress.

Redesign the axle boxes for a lighter, cheaper, easier to assembled design.
Stiffer and/or longer primary suspension springs for a larger safety factor
Increase the distance between the reaction centre bushings.

Reduce the thickness of the motor mount linking arm bushing lugs

Increase the thickness of the anti-roll bar and steering link bushing lugs

13.2.2 Body

Design of a passenger car to sit between the two powered cars of the
locomotive.

Changes to internal components of the locomotive because of the new
components needed for use of lithium-ion batteries and any other additional
changes.

Complete the design to attach the jacking box tube to the flange to attach to the

flange doing calculations and FEA where necessary.

13.2.3 Low Voltage Circuitry (AH)

Learn how to use an industry standard software package to create circuit
diagrams. Newcastle University Formula Student use Altium.

Send the circuit designs to be printed on PCB circuit boards to reduce risk of
short circuit and damage from vibrations.

Investigate the use of multi-channel op-amps. For example, TLO74ACN a
singular IC with 4 op-amp channels.

Investigate alternative methods of creep control to improve accuracy and
reliability.

Investigate methods of wireless control from loco to control box.
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Appendix B-34: Bogie centre-brace (DS)

430

5%

Material - 335 Mild Steel 6mm Plate [Bogie Centre Brace

Quantity - 2

Manufacture - Laser Cut SHEET No. .
FILE ngie Centre Brace x2.‘2t
SCALE 1:25
DATE 12/22/2021
REVISION No.

ALL DIMENSIONS IN mm DESIGNED David Stewart

ALL DIMENSIONS + 0.1mm CHECKED

UNLESS OTHERWISE SHOWN PROJECT HSToon
REMOVE ALL SHARP EDGES
DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER C i
COPYRIGHT 12/22/2021 NEWCASTLE UNIVERSITY MECHANICAL ENGINEERING

P
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Appendix B-35: Vertical secondary-spring platform (DS)
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Material - 275 Mild Steel 6mm Plate ~ [/ertical Secondary

. Spring Support
Quantity - 4 ping SERP
STOCK Mo.
Manufacture - Laser Cut SHEET No. 1
FILE Vertical Sus EuEErl xS.iEt
SCALE 1:1
DATE 121552020
REVISIOMN Mo.

ALL DIMEMSIONS IN mm DESIGMED

ALL DIMENSIONS + 0.1mm CHECKED

UMLESS OTHERWISE SHOWMN PROJECT HSToon
REMOVE ALL SHARP EDGES
DO NOT ALTER WITHOUT AGREEMENT OF DESIGMER COMPANY Mewcasile Locomotive
COPYRIGHT 12/15/2020 NEWCASTLE UNIWVERSITY MECHAMICAL EMGIMEERING

7

David Stewart




Page 204

MEC8099: Team 11 Project Report

Appendix B-36: Bogie system assembly (DS, LK, JJ)

Railway Challenge
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Appendix B-56: (DS)

198.87

e

Material - 335 Mild Steel 6mm Plate  [Fecentric Housing

) Upper
Quantity - 8 PP
STOCK No.
Manufacture - Laser Cut SHEET No. 1
SCALE 1:15
DATE 3/9/2021
REVISION No.
ALL DIMENSIONS IN mm DESIGNED David Stewart
ALL DIMENSIONS £0.1mm CHECKED
UNLESS OTHERWISE SHOWN @ G PROJECT HSToon
REMOVE ALL SHARP EDGES
DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER COMPANY Newcastle Locomotive

COPYRIGHT 3/9/2021 NEWCASTLE UNIVERSITY MECHANICAL ENGINEERING

P
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Appendix B-57: (DS)
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Geometry - Eccentric Clamping Pins
Material - S275
Quantity - x 32 pins

IMPORTANT
16 pins to have two M4 tapped holes
16 pins to have two M4 clearance holes

@3.24

17

L%

ALL DIMENSIONS IN mm
ALL DIMENSIONS £ 0.1mm
UNLESS OTHERWISE SHOWN

DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER

REMOVE ALL SHARP EDGES
COPYRIGHT 3/10/2021

STOCK No.

SHEET No. 1

FILE Housing Clamp Pin - M4
SCALE Tapped.ipt
DATE 3/10/2021
REVISION No.

DESIGNED b8038758
CHECKED

PROJECT

COMPANY_NCL Mechanical

NEWCASTLE UNIVERSITY MECHARIQAIEBNGINEERING
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Appendix B-58: (DS)

85

10
_ > y
—
B [
5 e | &
| } } | <
I |
| | o
oo Y
| Il
T !____8____LJ.J
|| (k]
| Ll

Material - Aluminium 7075T6
Bored Then Milled

STOCK No.

SHEET No 1

FILE Fccentric collar ipt
SCALE 05
DATE 3/10/2021
REWVISION No.

ALL DIMENSIONS IN mm

DESIGNED b8038758
ALL DIMENSIONS £ 0.1mm CHECKED
UNLESS OTHERWISE SHOWN PROJECT
REMOVE ALL SHARP EDGES

DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER COMPANY NCIL_Mechanical
COPYRIGHT 3/10/2021 NEWCASTLE UNIVERSITY MECHARIQAIEENGINEERING
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Appendix B-59: (DS)

v

210

259.35

Material - 335 Mild Steel 6mm Plate [Motor Mount Blank Side

Quantity - 4
B0O59
Manufacture - Laser Cut SHEET No. i
FILE Motor Mount Blank Side x4.ipt
SCALE 1:2
DATE 10/22/2019
REVISION No.
ALL DIMENSIONS IN mm DESIGNED David Stewart
ALL DIMENSIONS £ 0.1mm CHECKED M.Hogue
UNLESS OTHERWISE SHOWN PROJECT HSToon
REMOVE ALL SHARP EDGES
DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER COMPANY _Newcastle Locomotive
COPYRIGHT 10/22/2019 NEWCASTLE UNIVERSITY MECHANICAL ENGINEERING

P
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Appendix B-60: (DS)

Vi

Page 228

74.69

15.69

166.38

Quantity - 8
Manufacture - Laser Cut

Material - 335 Mild Steel 6mm Plate

15.69
1
1

E5%

Lower

STOCK No.
SHEET No.

SCALE
DATE

ALL DIMENSIONS IN mm

ALL DIMENSIONS £ 0.1mm

UNLESS OTHERWISE SHOWN

REMOVE ALL SHARP EDGES

DO NOT ALTER WITHOUT AGREEMENT OF DESIGNE

REVISION No.

Eccentric Housing

FILE Eccentric Housing Lower x8.ipt

1

1:1
12/17/2021

David Stewart

DESIGNED

CHECKED

PROJECT HSToon
R

COMPANY Newcastle Locomotive

COPYRIGHT 12/17/2021

NEWCASTLE UNIVERSITY MECHANICAL ENGINEERING

»
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Appendix B-61: (DS)

v

L%

. . Motor Nose Link
Material - 275 Mild Steel 6mm Plate
Quantity - 4
STOCK No. B061
Manufacture - Laser Cut SHEET No. o
FILE Motor Nose Link x4.ipt
SCALE 1:1
DATE 10/30/2019
REVISION No.
ALL DIMENSIONS IN mm DESIGNED David Stewart
ALL DIMENSIONS £ 0.1mm CHECKED
UNLESS OTHERWISE SHOWN PROJECT HSToon
REMOVE ALL SHARP EDGES
DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER COMPANY Newcastle Locomotive
COPYRIGHT 10/30/2019 NEWCASTLE UNIVERSITY MECHANICAL ENGINEERING

P
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Appendix B-62: (DS)

v

@210

ety

16

11.51

94.25

246.68

32.23

12.16

L%

Material - 335 Mild Steel 6mm Plate  [Motor Mount Brake

Quantity - 4 Side
Manufacture - Laser Cut ShocK M- ]
SCALE 1:2
DATE 4/14/2021
REVISION No.
ALL DIMENSIONS IN mm DESIGNED David Stewart
ALL DIMENSIONS £ 0.1mm CHECKED
UNLESS OTHERWISE SHOWN PROJECT HSToon
REMOVE ALL SHARP EDGES
DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER COMPANY Newcastle Locomotive

COPYRIGHT 4/14/2021 NEWCASTLE UNIVERSITY MECHANICAL ENGINEERING

P
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Appendix B-63: (DS)

Vi

@10.5 -6 DEEP 15

30

15
\¢&

|

]

50

81

87

60

14 14 4 p

L5

Material - 335 Mild Steel 6mm Plate  [Votor-Bogie Bracket

Quantity - 8
STOCK No.
Manufacture - Laser Cut SHEET No. 1
FILE Motor-Bogie Bracket x8.ipt
SCALE 1:1
DATE 12/2/2021
REVISION No.

ALL DIMENSIONS IN mm

DESIGNED David Stewart
ALL DIMENSIONS = 0.1mm CHECKED
UNLESS OTHERWISE SHOWN PROJECT HSToon
REMOVE ALL SHARP EDGES
R

DO NOT ALTER WITHOUT AGREEMENT OF DESIGNE COMPANY_ Newcastle Locomotive
COPYRIGHT 12/2/2021 NEWCASTLE UNIVERSITY MECHANICAL ENGINEERING

P
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Appendix B-64: (DS)

v

@254

25.4

@22

20

@22

Material - E275 Steel Round Tube

Quantity - x 10 (with some material left over) %

Bore inner diameter (around 20mm)
so an RS Pro 189-3192 bushing

interference fits inside. STOCK Mo. 1

(Bushing provided for reference) CLE 59 Bushing Luo ol
DATE 3/24/2022
REVISION No.

ALL DIMENSIONS IN mm

DESIGNED b8029733
ALL DIMENSIONS = 0.1mm CHECKED
UNLESS OTHERWISE SHOWN PROJECT
REMOVE ALL SHARP EDGES
DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER COMPANY NCL Mechanical
COPYRIGHT 3/24/2022 NEWCASTLE UNIVERSITY MECHAEI@N?EN@INEERING
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Appendix B-65: Motenergy 1718 Engineering Drawing (DS)

WK e
8 pln Metrl-pack 150 serles: G LI AT Al e il
8 pn Metri-pack it L RAAR 7 IAE Adethiatl e o 7 v 2t
Terminal Posltlon Assurance:l5324525
Termnalil2084200 ?8,5
Cable SeallS5324973 A
Seclil2059168-B

150 47,6
M4-5/16-18%15
5/16-18 TAP _ 2
1Smm DP (4)HL'S 3.2
R . 1.8
JAGEN | -
A 8 -
= | ¢
- +———P+———— - |
| S S H w
a | & -
20
i 426 |
4-M
s h
% 4,78%7 102,5£0,1
3/8-16 TAP 0
19nn DP CHHL'S ?22,23-0.02
19,58 %13 1. sine/cosine encoder
BN WIRE WIRE
LOCATION DESIGNATION COLOR
L | AR seme
D‘—_ﬂEB WEITESY
Sine B
g #Wisk cw> |[B F vDO | OB (Nm Wk (RPM) b | pes C [ Gomd © e
MODEL | POWERCW) | VOLTAGECV.DCH[TORGUE (Nam> | LOADED SPEEDRPMY | DUTY |ip cope _ .
Shield (&) g
ME1716 4000 48 9. 55 4000 s1 P65 Tepl R
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Appendix B-66: (DS)

v

>
o
-

S1°

7

53.53

18.51
42 i

Material - Aluminium 6082T6

Quantity - 1

STOCK No.
SHEET No. 1
FILE 18.505mm Spacer.ipt
SCALE 122
DATE 22/04/2022
REVISION No.

ALL DIMENSIONS IN mm DESIGNED b8029733

ALL DIMENSIONS £ 0.1mm CHECKED

UNLESS OTHERWISE SHOWN PROJECT
REMOVE ALL SHARP EDGES G
DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER COMPANY_NCL Mechanical

COPYRIGHT 22/04/2022 NEWCASTLE UNIVERSITY MECHARIQAIe&MNGINEERING
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Appendix B-67: (DS)
107
B
Co
Ro,
[30]
v
B
42 16.75
]
Material - Aluminium 6082T6
Quantity - 1
STOCK No.
SHEET No. 1
FILE 16.75mm Spacer.ipt
SCALE T2
DATE 22/04/2022
REVISION No.
ALL DIMENSIONS IN mm DESIGNED b8029733
ALL DIMENSIONS £ 0.1mm CHECKED
UNLESS OTHERWISE SHOWN PROJECT
REMOVE ALL SHARP EDGES
DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER COMPANY_NCL Mechanical
COPYRIGHT 22/04/2022 NEWCASTLE UNIVERSITY MECHARIQAIeENGINEERING
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Appendix B-68: (DS)

%

42

Quantity - 2

Material - Aluminium 6082T6 m

NOTE - Only Plate with 2 quantity STOCK No.

9.53

SHEET No. 1

FILE 9.525mm Spacer.ipt
SCALE T2
DATE 22/04/2022
REVISION No.

ALL DIMENSIONS IN mm

ALL DIMENSIONS £ 0.1mm
UNLESS OTHERWISE SHOWN

REMOVE ALL SHARP EDGES

DO NOT ALTER WITHOUT AGREEMENT OF DESIGNE

DESIGNED b8029733
CHECKED
PROJECT

R

COMPANY _NCL Mechanical

COPYRIGHT 22/04/2022

NEWCASTLE UNIVERSITY MECHARIQAIe&MNGINEERING
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Appendix B-69: (DS)

v

7.76

42

Material - Aluminium 6082T6 m

Quantity - 1

STOCK No.
SHEET No. 1
FILE 7.755mm Spacer.ipt
SCALE t22
DATE 22/04/2022
REVISION No.

ALL DIMENSIONS IN mm DESIGNED b8029733

ALL DIMENSIONS £ 0.1mm CHECKED

UNLESS OTHERWISE SHOWN PROJECT
REMOVE ALL SHARP EDGES
DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER COMPANY_NCL Mechanical

COPYRIGHT 22/04/2022 NEWCASTLE UNIVERSITY MECHARIQAIeBNGINEERING
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Appendix F: Unsprung Assembly Component Calculations (DS)

Appendix F-1: Shaft Calculations (DS)
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Appendix F-2: Bearing Calculations (DS)
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Appendix F-3: Wheel Contact Forces (DS)
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Appendix F-4: Tractive Effort Calculations (DS)
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Appendix F-5: Motor Mount Linking Arm Calculations (DS)
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Appendix F-6: Friction Coupling Safety Factors (DS)
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Appendix F-7: Maximum Motor Torque (DS)
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Appendix F-8: Axle Box Calculations (DS)
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Appendix F-9: Primary Spring Calculations (DS)
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Appendix F-10: Motor Mount Connection Bolt (DS)
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Appendix G: Railway Challenge Required Calculations (JO, DS)

Appendix G-1: Dynamic Loading Gauge (JO, DS)
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Appendix G-2: Power Requirements (DS)
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Appendix G-3: Battery Requirements (DS)
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Appendix H: Bogie Component Calculations (DS)

Appendix H-1: Bogie - Body Yaw (DS)
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Appendix H-2: Wheelset - Bogie Yaw (DS)
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Appendix H-3: Traction Centre Bushing Calculations (DS)
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Appendix H-4: Motor Mount Linking Arm Bushing Calculations (DS)
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Appendix H-5: Steering Link Bushing Calculations (DS)
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Appendix H-6: Anti-Roll Bar Bushing Calculations (DS)
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Appendix H-7: Anti-Roll Bar Calculations (DS)
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Appendix H-8: Steering Link Calculations (DS)
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Appendix H-9: Bogie Frame Clearance Calculations (DS)
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Appendix H-10: Degrees of Freedom (DS)
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Appendix H-11: Secondary Spring Calculations (DS)
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Railway Challenge

Appendix L: Data Tables

MEC8099: Team 11 Project Report

Appendix L-1 FIBET Fully Bonded Bushings Data Sheet

FIBET FULLY BONDED RUBBER BUSHES

hitt s fibet.co. ukirangerubber-anti-vibration-mounts/ushes-bonded-s uspension 7gelid=CiwKCAiAgIKNBhAIElwAu _ZLDvHz

2JQUx8UdB5g8scP Od 12eiitvdeDHNTY DTqdiEL Q606xQz IML3haCGCBQAVYD _BWE

hittps:ffwww fibat co.ukirange/rubber-anti-vibration-mounts/bushes-bonded-s uspension/fully-bonded-bushes-type-fbnal 7s=

The maximum loads given are for loading in one mode only.

Load

If loading is in more than one mode simultaneously, the maximum loads will be O © __
reduced. 1 \ A
T 1 Laoad T 1
1 —_i? F — A i
Ftock Item
Radial | Radial Axial | Axial Torsional [Torsional Conical | Conical or
Fibet External | Bore | External | Radial Max. | Max. Axial Max. | Max. |Torsional | Max. Max. Conical Max. M. Rubber On
Item Number Bore |Diameter |Length | Length | Stiffness | Defln. | Force |Stiffness| Defln. | Force | Stiffness | Defln. |Moment] Stiffness | Defln. |[Moment|Mass Hardness| Request
(rwir) (mm) | (mm) | (mm) |(dNfmm)] (mm) | (N) JdN/mm)| (mm) | (N) KNm/deg.)|(+/-deg)] (Nm) JNm/deg)§+/-deg.)] (Nm) | (g) | (IRHD)
FBMNADS32.1823 8.2 32 18 23 29 1.4 406 8 1.0 80 0.2 35 6.7 0.1 3 0.5 35 55 Stock
FBNAD921.1922 9.5 20.6 19 222 207 0.5 1035 23 0.7 161 0.3 25 6.8 0.5 3 3.2 25 55 Stock
FBNA1022.15.17 10 22 15 17 207 0.5 1035 22 0.5 110 0.3 25 8.0 0.3 [ 1.9 25 55 Stock
FBNA1025.3541 10 25 35 41 1483 0.5 7415 104 1.4 1456 1.8 20 35.0 13.8 3 41.3 75 (33 Stock
FBNA1032.1520 10 32 15 20 32 1.1 352 g 1.0 90 0.2 30 7.2 0.1 7 0.4 35 55 Stock
FBNA1032.2430 10 32 24 30 350 1.1 3850 35 1.0 350 0.7 20 14.0 3.5 3 10.5 | 105 65 Stock
FBNA1225.2528 12 25 25 28 764 0.5 3820 67 0.7 469 1.2 20 24.4 3.5 3 10.6 | 45 65 Stock
FBMNA1230.3434 12 30 34 34 425 0.8 3400 55 0.1 55 1.4 30 40.8 4.0 7 27.9 75 65 Request
FBMA1230.3444 12 30 34 44 425 0.8 3400 55 2.1 1155 1.4 30 40.8 4.0 3 119 | 80 65 Request
FBNA1230.3640 12 30 36 40 414 0.9 3726 55 0.8 440 1.4 30 42.6 4.4 3 13.2 75 [ Stock
FBNA1234.3541 12 34 35 41 249 1.1 2739 43 1.4 602 1.3 20 26.4 2.6 3 7.8 100 65 Stock
FBNA1250.5062M 12 50 50 62 102 2.3 2346 24 2.7 648 1.5 30 43.5 2.4 7 17.1 | 235 55 Stock
FBMA1274.4566 12.5 74.5 45 66 126 3.4 4284 35 4.4 1540 2.8 30 84.9 1.5 7 10.6 | 600 65 Request
FNBA1330.4040 13 30 40 40 396 0.8 3168 44 0.0 0 1.1 30 33.9 5.1 3 154 | 85 55 Stock
FBNA1474.4566 14.5 745 45 123 126 3.4 4284 35 4.2 1470 4.7 30 140.7 2.5 7 17.6 580 65 Stock
FBNA1G38.6472 16 38 64 72 2070 0.7 14430 127 1.6 2032 4.9 20 98.0 67.1 1 67.1 300 55 Stock
FBMNA1650.6082 16 50 60 82 320 1.9 7410 68 4.5 3060 4.4 20 88.6 12.9 3 38.8 | 400 &5 Request
FBMA1651.3847 16 51 38 47.5 102 2 2040 23 2.0 460 1.7 30 49.5 1.4 7 9.5 190 55 Request
FBNA1651.4454 16 51 44.3 53.8 128 2 2560 27 2.1 567 1.9 30 58.2 2.3 7 16.2 220 55 Request
FBNA1738.3338 17 38 33 38 449 1.1 4939 60 1.2 720 2.6 25 65.8 4.0 3 11.9 120 (33 Stock
FBNA1B57.6072 18 57 60 72 159 2.4 3816 34 2.4 816 3.0 30 90.3 5.5 7 38.6 350 55 Request
FBNA1857.7086M 18 57 70 86 393 2.3 9039 73 33 2409 6.7 30 201.6 17.9 7 125.6 | 450 65 Request
FBMA2866.5569 28 66 55 69 234 2.1 4914 43 2.8 1204 5.9 20 117.2 6.4 3 19.3 | 450 55 Stock
FBNA3BE2.7090 38 82 70 90 720 2.1 15120 89 2.8 2492 20.4 15 306.0 30.3 1 30.3 |1.27 55 Stock
FBNA40S2.7090 40 82 70 90 732 1.9 13508 90 4.0 3600 20.5 15 306.9 30.8 1 30.8 1.2 55 Stock

RdDes & MT2 R Mech Ena Compts/21



