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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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1. Preface (AH)

1.1 Introduction and Team Structure (AH)

The Railway Challenge is an annual competition organised by the Institution of
Mechanical Engineers (IMechE), hosted at the Stapleford Miniature Railway in
Leicestershire. The challenge is to design and build a 10.25” Locomotive which is to

compete against other teams of apprentices, students, or graduates in a series of

track-based and design-
oriented challenges. Each
challenge is assigned several
points which can be achieved
based upon performance, with
the winner of the competition |
decided as the team which

accumulates the most points |

-

TRt 7 B " TR el
Figure 1:

across the event. 2021/22 Railv;ay Chaliége Tvéam Members.
The current team consists of eight members, of which five members designed various
aspects of the Locomotive during their University individual project during the 2020/21
Academic year. The preceding team were unable to build a Locomotive due to the
COVID-19 pandemic. However, they entered the design-based challenges, winning
the business case. Importantly though, the preceding team progressed the Loco
design significantly. This, combined with the work undertaken by the five team
members who had previously completed design work on the Loco, meant that the
current team inherited a significant proportion of the Loco design to take forward and

develop.

Despite the significant work from previous team members, design issues and conflicts
still existed, as expected with a design of this complexity. The current team therefore
had the task of reviewing the existing designs to bring them to the stage of
manufacture, with the ambition of being the first team to represent Newcastle
University with a Locomotive in the Railway Challenge. At the time of this report, the

Locomotive is currently in the manufacturing stage.
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1.2 Team Structure (AH)

To enable effective collaboration, team roles were elected at the beginning of the

project. These allocated roles are listed in Table 1-1.

Table 1-1: Elected Team Roles

Team Member Elected Role

Alex Hooper Team Leader

Alex Powell CAD Manager

Cyril Cheung Secretary

David Stewart Social Media Manager

Halley Woods CAD Manager: Body

James O’Brien Circuit Diagram & Schematics Manager
Jonas Janiunas CAD Manager: Bogie

Lightness Kings Treasurer

In addition to organisational roles, each member of the team was assigned to an area
of the Loco of which they are responsible for the design of. This doesn’t indicate that
only the listed team member worked on that area, just that they were responsible.
Many areas of the design were a result of the combined effort of multiple team
members with many areas of the design heavily interconnected. The team member

assigned responsible for each area is listed in Table 1-2.

Table 1-2: Responsible Team Member for Design Area

Responsible Team Member | Areas of Design

Alex Hooper Control, Auto-stop, fire and heat detection, true
ground speed monitoring

Alex Powell Axle boxes, steering links, primary suspension,
control box

Cyril Cheung Transportation trolley, bump stops, Traction Centre,
logistics

David Stewart Unsprung assembly, bushings, calculations and
verification, degrees of freedom

Halley Woods Body and supporting structures, coupling system,
vehicle jacking, energy regeneration

James O’Brien High voltage circuits, energy regeneration, battery
removal system, brake pipe routing, nose cones

Jonas Janiunas Brakes, belt drive, bogie frame, traction centre

Lightness Kings Bogie frame, secondary suspension, anti-rollbar
linkage

Information about the management and organisation of the team throughout the

project can be found in Section 12.
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2. Project Relevance (AH)

This project has provided the team with a unique opportunity to be involved in a full
design-to-manufacture process, allowing the team to develop practical skills, team-
working ability and thus improve their employability. Throughout the project, the team
had to carefully consider manufacturing constraints during design, replicating the
limitations experienced in industry. The team have had to work together to source
components and suitable manufactures, work within university finance policies and
solve logistical problems, providing experience managing challenges team members
will face daily in their future careers. Beyond the continued professional development
of team members, the Railway Challenge presents Newcastle University an excellent
opportunity to advertise the Mechanical Engineering course and potentially encourage
aspiring engineers to apply to study. Success in the challenge not only reflects well on
the team members personal achievements but also on the University’s engineering

department as whole.

3. Engineering Specification (AH, JO)

The project is to design and manufacture a 10.25” Locomotive for two purposes:
1. Compete in the IMechE 2022 Railway Challenge

2. Operate on a proposed miniature railway in Exhibition Park, Newcastle.

Of which key specifications include: (for full the technical specification please refer to
the project file)

e Maximum speed: 15km/h

e Maximum mass: 2000kg

e Operable with a trailing load of 1800Kkg.

e Continually operate for 3 hours, with a maximum refuelling time of 2 minutes.
Assuming 5km/h continuous speed, 2% gradient, 400kg trailing load of
negligible friction (1).

3.1 Railway Challenge, Stapleford Miniature Railway

The Locomotive must comply with the IMechE Railway Challenge Rules and Technical
Specification (2022). An overview of the general requirements has been listed as
follows:

e The locomotive will operate remotely via cable-based transmission (1).
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The locomotive shall be able to start and haul a trailing load of up to 1800kg (2%
gradient).

During operation at the Railway Challenge alone, the locomotive must not move
out of the specified dynamic loading gauge (1). Features need to be provided to
sufficiently limit the movement of the suspension systems.

All components must be easily accessible and replaceable within 1 hour.
Method statements and risk assessments must be submitted to the IMechE for
activities including unloading and loading of the Locomotive from/in vehicles,
work undertaken on the Locomotive during competition weekend, the refuelling,

and maintainability challenge (2).

3.2 Testing, Lakeshore Railway (South Shields)

Must be possible to adjust the gauge of the Locomotive to 9.5” to allow testing
of the Locomotive on the Lakeshore Railway.

The Locomotive must be tested for a minimum of four hours total, testing all
functions and be continuously run for the last hour of which a recording is to be

submitted to the IMechE as a condition of entry to the competition.

3.3 Future Operation, Exhibition Park (Newcastle)

Traction power must be rated such that the Locomotive can haul a trailing load
of 2000kg up a 1:8 gradient hill in all weather conditions.

Smallest radius of curve at Exhibition Park: 7.76m.

3.4 Loqgistics and Manufacturing

The Locomotive must be able to fit through a doorway of width 0.84m.

The Locomotive must fit within the lift located in the Stephenson Building
(Newcastle University) which has dimensions of 1.38 x 1m. It is acceptable to
split the Loco into two and remove nose cones for this if required.

The Locomotive will be transported in a 3.5 tonne van, where it must be secured
during transit. Vans regularly have tailgates with 500kg capacity, which the

locomotive and transporting platform must collectively comply with.
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4. Trolley & Loqgistics (CC)

4.1 Trolley — Aims and Objectives

The locomotive manufacturing is situated in a carpeted office, on the 2" floor of the
Stephenson Building. The trolley is marketed as responsible for manufacturing and
logistics — its job starts when the locomotive is getting manufactured and ends when
it is safely transported to the Stapleford competition site. It is essential as the
locomotive only has 1 degree of free movement (front & back), and it weighs about 1-
tonne - manufacturing this on the workshop’s carpeted floor will cause indentation and

leave a track on the floor wherever the locomotive travels.
For safe manufacturing, the trolley must:

Allow no degree of movement whilst the Loco sits on.

Have an option to be fixed in position whilst assembling bogies.

Allow wheelsets spinning test.

Comply with H&S standard — each removable component weighs <25kg.
5. Withstand any pushes, toppling and slipping hazards during assembly.

Hpwn P

To allow safe & smooth transportation, the trolley must:

1. Fit through the workshop door — 840mm width.

Fit the lift in Stephenson Building — 1.4m length.

3. Be able to fit into Luton van tailgates — regularly 500kg capacity entailing the
trolley + half loco (without removable parts) cannot exceed such.

4. Have capabilities to be rolled through any outdoor rough rounds.

5. Allow a slight degree of turning between bogies as the team turn it in corners.

N

4.2 Trolley — Design lteration Process

4.2.1 Design Summary & Technical Specification
The trolley system consists of 4 identical wheelset trollies arranged as shown in figure

S -, .

4-1. Each wheelset trolley is made of:

~ e ~ ,. . e N - ~

/ 2 1 / . 2x 200mm diameter castor
N .~ wheels with brackets
. 2x 125mm diameter castor
wheels with brackets
o 4x sideways connection panel
o 2x wheelset panels (for 10.25”
rail gauge)
Figure 4-1: CAD Sketch of Trolley e 4x Anti-buckling U-channels

Annotation.
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4.2.2 Initial Design

Each wheelset trolley was originally
symmetrical for an equal bending
moment. The Height of the red panel was
agreed to be kept consistent in between
the wheelsets as the bending moment
would be at maximum level throughout.
The blue member catered an indent for

the wheelset resting and restriction of

member does not coexist during any assembly process, as the green member is only

needed for the loco sitting on the axle box during wheel spin tests.

Though this design has a symmetrical plane to all panels, the restriction of movement
was controlled by 2 locked castors on one side. Locked castors for all would be more

plausible but the spacing is restricted for trolley-loco interactions.

4.2.3 Initial Specification

In terms of technical specification, the initial design includes 4 wheelset trolleys:

1. 2x 200mm diameter BIL (Castor wheel specialist) locked castors (bigger swivel
radius).

2. 2x 200mm diameter BIL swivel rubber castors.

3. Weight of 33.85kg.

4. All panels carry a safety factor of >2 for bending (the failure mode for all).

5. The team is safe to push this up to 0.82m from ground levels before toppling.

4.2.4 Final Design
The initial design was largely in good shape. However, there were several reasons it

could not be a final signed-off version:

1. The red panel would have clashed into the
locomotive motor, brake pulley, and very -
close to the steering links.

2. As much as the trolley fits well between the
half loco (800mm apart), the distances
between the two halves were less than N> |
such (530mm). The trollies would have ‘\il ’

clashed into each other. Figure 4-3: Indication of Trolley
Clashing.
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3. The wheelset panel (blue) has pushed the locomotive a touch too high. The
centre of gravity would have been adjusted and easier for an accidental push-
and-topple.

4. Panels can have weights further optimized — without compromising strength.

Subsequently, the full model of the trolley had such modifications:

e el o0

Figure 4-4: Side View of Final Trolley Design.

Each wheelset trolley is no longer
symmetrical for tight spacing, though one set
of castors was kept at 200mm diameter for

push ease.

Figure 4-5: Projected View of Final Trolley Design.
4.2.4.1 Red Panel — Optimisation

Anti-Buckling U-Channels o5  uePanel Sits Here

' i
o
o O
O/O o 0O

Castor Wheel Assembly

Figure 4-6: Annotated Diagram of Red Panel.

The red panel acts as a join for the two wheelset panels. It does so by a jigsaw slot-
joining mechanism. As indicated in figure 4-6, blue panels get a deep slot (40mm). Not
only has this given sufficient ease of removal and assembly; the jigsaw mechanism
also provides good support for the blue panel. As the locomotive weighs about 1-
tonne, the bounces to be experienced during transportation would not have made the

blue panel leave its slots.
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Though the 10.25” rail gauge is catered by the blue
panel, for Lakeshore testing, a 9.5 gauge is needed.
Another slot was created on the red panel such that the
locomotive can sit on the jigsaw assembly comfortably
as well. The shallower slots on the far left & right are for
axle box panels (green). When the locomotive sits on the

green panel, the blue panel is to be removed.

All the holes on the panel are for M10 bolts, to be laser cut through. The two lined up

vertically are for anti-buckling channels, and the other set is for castor wheel sets.

The previous red panel design had issues with:

1. Motor mount — this clashed into the 5 Motor Mount Sits Here
middle section. The bogie team tried
to move the motors up instead but
was unsuccessful. The minimum
plate height was kept at 50mm but an !
indent of 1220mm was made to cater 3'
for the low position of motors.

2. Steering links — too close to the far end slots
for the green panel. As indicated the width of
that panel slot was brought down from 10 to
8mm which is about as much as it structurally
could be pushed. This increased the spacing
with the links but was still insufficient. The
decision was made that other trolley panels
had to budge as well. ,‘

3. Brake pulley assembly — after removing [ m
material for the steering links and motor
mount, it was still observed that the brake
pulley assembly would clash with the red
panels. It was deemed unsafe to remove the

required materials, other proposals were Figure 4-9:lllustration of

developed for the team. Proximity Between Pulleys
and Trolley.

Forces experienced by the panel can be shown in the figure below. This would have
failed at bending, the bending moment validated as follows:

120

Figure 4-8: Illustration of
Modification for Motors.

7\

M = 1226.25 N x (0.13855 + 0.036 = 2)m + 100 Nm = 291.97 Nm (4-1)
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Where the extra 100 Nm is set moment for castor wheel pushes.
1226.25N 1226.25N

l—”o o
ol o)
o ()
o o® moo)

36 138.55 k

Bending Moment
Figure 4-10: Force, Bending Moment, and Dimension Diagram for Red Panel.

50

my _Mx (557
0.053

Stress o = = 87.59 MPa 4-2)

275 MPa (yield strength for S275 steel)

87.59 MPa =313 (4-3)

Safety Factor =

As an extra layer of validation, Finite Element Analysis was conducted to ensure the

red panel does not experience unexpected stress:

A72e
4,6236e5
3.0467e5
3.0467e5
40927
1.5733 Min

Figure 4-11: ANSYS FEA - Stress Behaviour of the Red Panel.

Deformation:

1.9165e-3
1.437de-5
0582%2-6
4.7913e-6
4.820e-12 Min

Figure 4-12: ANSYS FEA - Deformation Behaviour of the Red Panel.



Railway Challenge MEC8099: Team 11 Project Report Page 15

Aside from the stress values, the deformation probe given by ANSYS was also of
expectation. As the bending moment diagram initially drawn shows, maximum
displacement would have occurred around the middle of the panel, where the blue
panel is slotted in also observes maximum stress. This is a sensible behaviour as both

slots are experiencing forces from the locomotive:
1000kg = 4 trolley + 2 sides X 9.81 = 1226.25 N 4-4)

4.2.4.2 Blue Panel — Optimisation

281.5
i
c E
~
| H_IJ
w0

Figure 4-13: Dimensioned Sketch of the Blue Panel (left) and Side View (right).

The blue panel houses the wheelset on the deepened indent during manufacturing
and Stapleford challenge weekend. It also has 4 jigsaw slots - to be inserted into 4 red
panels. Despite no physical clamping mechanism for the wheelsets, this indent is
sufficient for locking in the wheels as the locomotive’s weight would have made any

team member’s day very difficult if they wished to push the loco out.

This panel also dominates the length of the wheelset trolley (whilst the red panel
controls the width), it was believed the longer the blue panel, the less easy it is for
toppling front/backwards. However, the trolley experiences restrictions on spacing in
difficult aspects, including distances between per wheelset trolley; room for castor
wheels to swivel in between as well as their radii itself; and any spacing issues with

parts on the locomotive bogie.

To lower the centre of gravity, the indent was purposefully pushed down as much as
possible, not only to provide more difficulties for the loco to escape but also to make

sure toppling sideways does not occur as easy.
Some issues with the previous design had been rectified:

1. Brake pulley clashing into red panels — the clash was caused by the 100mm
indentation on the blue panel. As much as this was safer for transportation, this
created several issues.
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3 Proposals were suggested to the team:

A.

Scrap the 9.5” panels — meaning the slot for it in the red panel can be
removed as well. The pulleys would have just avoided the red panel.
Though this further reduces weight and general trolley design
complexity, not having a 9.5” panel brings difficulties for loco testing.
Raise the blue panel (and the centre of gravity) — the bogie team can get
away with having the blue panel lower the wheelsets by 55mm instead
of 100mm. This does not compromise any panels nor require changes
for the bogie team. Slight changes are needed to co-ordinate with other
panels too.

Scrap the blue panel completely and let the locomotive sit on axle-boxes
instead — this would have reduced the materials needed to make the
slots for the blue panel. Mass would have been reduced by at least 9kg.
However, the axle box does not have much of a slot to be locked onto
the trolley. This was deemed rather unsafe.

After discussions with the bogie team, it was agreed that it was most feasible
to implement option B — raise the blue panel indent.

2. Wheelset distances — as mentioned above, the trolley design was based on
misinformation about wheelset distances (530mm for the middle two).
Modifications were made to the blue panel length, making a shorter ‘B’ trolley.
A smaller castor wheel (125mm diameter) was also chosen to accommodate
restricted spacing but not compromise push comfort as much. The other end
had kept for a bigger castor for ease of pushing. The far ends still use a bigger
‘A’ trolley leading to an ‘ABBA’ approach:

xla Lo

Figure 4-14: Trolley ABBA Arrangement.
3. Steering link clashes — after configuring the ‘ABBA’ approach, the team were

also informed that the steering linkages would have clashed into the ‘A’ trolley
too. The ‘A’ trolley was then scrapped, and the arrangement had changed to
the ‘BBBB'’ trolley:

ot el €

Figure 4-15: Trolley BBBB Arrangement.
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This panel’s failure mode is also bending. The longer side would experience a higher
bending moment. Assuming worst caseload where all force acts on 1 point in the
middle, its bending stress is as follows:

Bending Moment M = 1226.25N x 0.2815m = 345.189 Nm (4-5)

0.045

My M X( 2 ) B

Stress 0 = — = ————=-5=102.278 MPa (4-6)

001 x 0045

' 12
Safety Factor = —2MPa__, <89 4-7)

afety Factor = 1ooa e tipa = &

Its Finite Element Analysis behaviour is as follows:

Stress Behaviour:

116.09 Min

Figure 4-16: ANSYS FEA - Stress Behaviour of Blue Panel.

Deformation:

Figure 4-17: ANSYS FEA - Deformation Behaviour of the Blue Panel.
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4.2.4.3 Green Panel — Optimization

Figure 4-18: CAD Sketch of Green Panel.

The green panel will be utilised for axle box

sitting. This is beneficial because before the

locomotive enters its first testing stage in

Lakeshore, the team needs a method to ensure the wheels are functional as they are.
Also, during the electrical component assembly & fitting, there are hazards for controls
connected wrong. If the locomotive was turned on by accident, the motors would have
been powerful enough to get the loco away from the trolley and roll uncontrollably.

Dimensions of this panel were largely initiated from the projected geometry of the
wheelset (blue) panel. This is to make sure the dimensions of the two are similar — the
point where the blue panel meets the wheelset lines up with where the green panel

meets the axle box as the two are both connected through the drive shatft.

As observed in figure 4-18, where the axle box sits had been notched up. The axle
box has the same shape of indent on the underside such that no degree of movement
could occur when they are locked together. Where the 4 jigsaw slots are has a slight
incline from the axle box position such that if the locomotive does escape from its slot,
it still cannot slide off the trolley.

This panel would share its stress behaviours with the blue panel, where a point force
would have been at the axle box notch. The longer side of the panel induces higher

bending stresses.

4.2.4.4 Panel for Lakeshore Testing (9.5”)

Figure 4-19: CAD Sketch of 9.5" Panel.
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This panel is designed for Lakeshore Railway testing. As the locomotive wheelset gets
its gauge changed to 9.5 the blue panel would be no longer suitable. An extra panel

is needed on the inner side.

The 9.5” panel needs to be accompanied by the blue panel to function, hence the
indent made on this panel is the same shape as the one with the blue panel — the two

need to be flushed for the wheelset to sit steadily.
This panel’s dimensions are like the blue panel, so as its stress behaviour.

4.2.5 Trolley Parts Purchasing & Liaison

The following is the list of merchants picked for manufacturing & acquiring parts:
Table 4-1: Table of Trolley Cost.

Parts? Merchant? Nature of Order? Cost?
Castor Wheels (125mm dia. RS Comp. Purchase £64.90
swivel)

Castor Wheels (200mm dia. RS Comp. Purchase £256.99
Braked)

M10 Nuts & Bolts RS Comp. Purchase £141.22
S275 Steel Angles & Channels Metal Sup. Purchase —to size £140.16
Steel panels — all S275 Steel Acorn Laser Laser Cutting £711.12

Grand Total: £1314.39

Originally, a castor wheel specialist — BIL Castors was chosen for the trolley. They
were at a low price so it would have aided the project’s limited budget. However, the
school office strongly refused the idea at late notice as it is not an active university
vendor. Even though they have previously agreed to venture out and discover more
vendors, it appears they have no intention of looking into the reason BIL Castors were

chosen. If the same specification of castors were bought in RS Components, the cost

would have gone up 3x. New castor wheels had to be W N ia
picked from RS Components at the end after lengthy 4
liaisons with the school office, even though not all
technical specifications were clarified on their website
(e.g.: plate dimension, swivel radius, brake pedal
dimension, etc.) Other parts for the trolley were
purchased relatively smoothly. Metal Supermarket Figure 4-20: Panels Arrivl.
had successfully delivered the brackets and channels in mid-December and Acorn

Laser delivered the laser-cut panels on 3" February.
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4.3 Physical Journey of the Trolley

Though the steel angles and channels arrived
in advance
machining such as drilling, and bolting should

be done with the steel panels present.

A manufacturing plan of the trolley was

necessary, to factor in Lakeshore Testing’'s

(mid-December),

steps of

procedures as well. This was categorised into

Figure 4-21: Assembled Trolle.
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several steps, including its interactions with the loco, testing and Stapleford Weekend:

Table 4-2: Stepped Approach of Trolley Manufacturing and Logistics.

Steps

1
2

3

ltems Involved

L-brackets & U-channels
Steel angles & channels

for castors, red panel

Steel angles & channels

for castors, red panel,
castors

U-channel (for anti-
buckling), red panel-
castor assembly, M10
nuts and bolts

Blue Panel, Castor
assembly

Process

Trolley Stage 1

Filling and Filleting
Hole drilling

Fastening

Fastening

Slot panel to
assembly

Trolley Stage 2

Bogie, Assembled Trolley Bogie assembled on

Loco Wheelset, trolley,
green panel

Assembled Trolley, blue
(wheelset) & 9.5” panel

Trolley with the
locomotive on

trolley

Jack up loco,
remove blue panel
and slot in green
(axle box) panel
instead, making the
wheelset hanging

Trolley Stage 3

Jack up loco,
remove green panel,
change rail gauge to
9.5”, insert blue
(wheelset) and 9.5”
panel, rest loco on
trolley again

Bring to Lakeshore
Railway for testing,

Tools & Specialists

Linisher, hand file, vice
Hand & Pillar drill,
Centre Punch, Vice
17mm spanner, vice

17mm spanner, vice

N/A

N/A (for trolley)

Jacks

Jacks, Lathe

Jacks, Full team, Luton
van
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10 Assembled Trolley, blue
(wheelset) & 9.5” panel

11 Trolley with the
locomotive on
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practice load and

unload there as well

Trolley Stage 4
Reserve Step 8 to

panel
Bring loco to
Stapleford

return to 10.25 rail
gauge, remove 9.5”
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Jacks, Lathe

Jacks, Full team, Luton
van

Like many manufacturing plans, unanticipated challenges were appearing throughout

the duration of trolley assembly. This includes:

Table 4-3: Manufacturing Challenges, and Rectifications.

Problem Statement

e purchased castor
wheels were
different from the
proposed ones

e caused by
approved
merchant issues

e plate sizes of the
smaller castor
wheel is too small

e some inaccurate
measurements
on steel angles

e castor wheel’s
specification was
unclarified

e castor heights
were and caused
a 32mm lift

Solution

The castor plates were
welded onto the bracket
assembly.

Bigger sizes of holes
were drilled to allow the
M10 bolt to go through.
Anticipating such issues
might occur, lock nuts
were purchased to further
fix positions.

Rapid re-design was
required, to fit on the
locomotive model making
sure no clashing occurs,
and Acorn Laser to re-cut
a new design.

4.4 Logistics — Body Assembly Arrangement

4.4.1 Background and Objectives

Lesson Learnt

As much as it is needed
to purchase from
university approved
merchants, if the item
does not have clarified
technical specifications, it
should not be purchased.

Holes are to be centre
punched, marked with
correspondent panels,
and drilled through with a
pillar drill to make sure it's
straight.

In the case of the railway challenge for this team, the best part of the locomotive

construction takes place in a carpeted office with limited room. Whilst the bogie is

constructed on the trolley, which is mobile; the body is built on trestles ~750mm height

— significantly higher than the trolley & bogie.
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The question was soon raised — how would the team put the body & bogie together?
And the answer certainly was not one group holding the body in position while the
other bolt and rivet it onto the body. The body (per half) weighs up to 200kg and
whoever holds it would have to keep it in position for prolonged period. This is not

ergonomic nor safe — the risk of tripping and crushing electrical parts is vast.

Several solutions were discovered for lifting one of the items to attach it to another,

they should all satisfy the following objectives:

1. Allow safe assembly of the locomotive body & bogie

2. Allow slow and smooth contact as both the body and bogie have significant
weight, dropping either one causes uncontrollable damage.

3. This device should still allow the team to crawl underneath to access the bolting
& fastening points between the body and bogie.

4. Must be mobile and light enough to be brought to Stapleford and Lakeshore.

4.4.2 Initial Thoughts
Some initial thoughts were gathered to approach this:

Idea 1: Hoist and Stands

1. Hoist Attachment 2. Hoist Goes Down 3. Assembly
L Hoist __Hoist Hoist
_ Body " Body -
Body
Bogie on Trolley Bogie on Trolley /

Bogie on Trolley

I
Figure 4-22: Idea 1 - Sketch of Proposed Steps.

This can take place in FSW. There is no need to fit the hoist/crane/ lifting device as
those that are dismantlable are commercially available. As seen in figure 4-22, the
hoist would have lifted the body up and slowly placed on top of the bogie. Team
members in charge will then crawl under and tighten the designated constraints.

Advantages: Hoist does all the lifting, no manual labour for any personnel/ can stay in
FSW for this/ hoist is a stable method to hold the body

Disadvantages: acquiring a hoist might be costly/ hoist can be rented instead but if the
body needs to be disassembled and assembled several times attempting to rent a

hoist every time adds unnecessary hassle & cost
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Idea 2: Build the whole body on top of the bogie
Team Member

| Body If the two components were not built

y Bogie on Trolley (Locked) ~ S€Parately in the first place, there

/

would be no need for trestles nor

J L acquiring any lifting methods.

Figure 4-23: Idea 2 - Sketched Proposed Advantages: easy and quick/ no

Approach. extra cost to buy or rent anything

Disadvantages: this meant the body can only be built after the bogie is finished which
is not practical timewise. The body is largely riveted together which is time-consuming
to un-do and re-do

Idea 3: Lift the bogie rather than the body for assembly

1. Body Slides under Trestles 2. Lift Up Bogie for Assembly
Vehicle Lift
Body Body Lift Goes
Up/ Down

for
Assembly
Trestles - 0.75m Height
Bogie on Trolley Bogie on Trolley
Castor Wheels J |_
L Trolley Slides in This Way ——

Figure 4-24: Idea 3 - Sketch of Proposed Steps.
Most ideas were circulated around the body being transplanted onto the bogie one

way or another. However, the bogie is the mobile one (i.e.: on trolley). So, what if the

bogie is to be moved in position for the body instead?

As figure 4-24 illustrated, the body could be standing on
trestles (made sure it was spaced far enough to avoid the
trolley & bogie), where the trolley can slide in enabling the
bogie to be directly underneath. With a vehicle lift coming

into play, the bogie could be lifted to level with the body. At

this point the trolley could be temporarily removed, allowing
the team to crawl underneath to constrain the two !
components — just like in garages where mechanics lift o\ W, e
vehicles at height to inspect undersides. This idea was Fure 4-25 |dea 3 -
inspired by vehicle inspection lifts in garages, shown in lllustration of Vehicle Lift
. Usages.

figure 4-25.
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Advantages: this is commonly seen in garages therefore deemed feasible/ vehicle lift
could be compact enough to stay in FSW, and transportable to Stapleford

Disadvantages: When the bogie is level with the body, there are no constraints or
assurances that the body would not go out of place from the trestles since it is merely

sitting on it

Idea 4: Scissor Jacks to lift the bogie

(\

| Like the vehicle lift idea, it might be a better
\ idea to lift the bogie instead as the body has
1 less mobility. Some garage equipment like a
Do, @ 0\ \. vehicle lift has been suggested. Scissor jacks
make this mechanism even more mobile.

Figure 4-26: Idea 4 - Scissor Jacks, Advantages: even higher mobility than

vehicle lifts/ cheaper option

Disadvantages: Scissor Jacks cannot lift as high as vehicle lifts/ there are also no
constraints ensuring the body will not go out of place during such assembly

4.4.3 Chosen Arrangement — Design & Validation

Figure 4-28:
Detailed View of
Body Lift Bottom.

N : : .
Figure 4-29: Detailed View of Figure 4-30: Sectioned View of
Body Lift Top Connection. Connection — Bearings & Washers.
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The final arrangement for this matter is to design a body lift as shown in the images
above. In general sense, this system comprises 2 tripods and 1 aluminium box tube in
between where the body sits. Its lifting mechanism is controlled by the studding on
both sides. Using 2 electric drills simultaneously allows the whole boxed tube to be
lifted. The 2 of these systems are required for lifting, and collectively they have a
capacity of 1000kg, which is how much the whole loco weighs. Even though this is
only meant for lifting a 200kg half body at a time, it was anticipated that throughout the
construction process it would be convenient to have a mobile device that lifts the entire

loco. Its design features are as follows:

1. Tripods — aluminium round tubes at a 15° angle, connected by a steel
connection plate on top.

2. Connection plate — laser cut plate with star-shaped extensions for tripod legs to
be slotted in and pinned together. The centre allows studding to be through and
houses a ball bearing, with a set of spherical washers spaced in between.

3. Deep Groove Ball Bearing — this allows the studding to spin freely but not the
connection plate. The spherical washer spaces the bearing from the connection
plate and allows slight degrees of play for the lifting mechanism.

4. Boxed tube — going through the studding on either side, the boxed tube has a
slot on both ends with room for the studding to swing slightly. The slot also has
a stainless-steel round block to restrict lateral movement.

5. Bottom stands — as the tripod legs are angled at 15°, the bottom stand is to be
machined to size and at the same angle as well to fit well each tube.

6. Chain — this is to wrap around each tripod.
Table 4-4: List of Proposed Purchase Lift for Body Lift.

Item Qty (per system/ Description Related active
needed in total) vendor

A 6x/ 12x Aluminium 6082 T6 Round Tube AALCO
(1.25” diameter x 1.2m length)

B 2x/ 4x M12 Studding (Grade 8.8, 1m length) RS Comp.

C 4x/ 8x M12 Nuts (Grade 8.8) ACCU

D 2x/ 4x S275 Mild Steel Connection Plate Acorn Laser
(16mm thickness)

E 2x/ 4x SKF 4201 ATN9 Deep Groove Ball RS Comp.
Bearing

F 1x/ 2x Aluminium 6082 T6 Boxed Tube (2" x AALCO
2” x 0.25” x 1.5m length)

G 2x/ 4x Set of Male & Female Spherical ACCU

Washers
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H 12x/ 24x M6 Socket Cap Screws/ Pins (at least RS Comp.
70mm length)

I 6x/ 12x Aluminium 6082 T6 Round Block (3° AALCO
diameter x 100mm length)

J 2x/ 4x Stainless Steel EN24T Round Block Metal Sup.
(30mm diameter x 65mm length)

K 1x/ 2x Chain for Wrapping Legs RS Comp.

L 6x/ 12x M6 Grade 8.8 Nuts for Pins ACCU

To ensure the body lift can withstand its said load capacity, a variety of validation
calculations were carried out, the main ones are as follows (please refer to the

appendix for further validation checks):

Buckling — Tripod Leqgs

Force (full loco)

g C?;neClﬂej As figure 4-31 illustrated, the two forces acting

77 on the aluminium tube can result in the tube

assume 1.2m crushing/ buckling. Consequently, the load this

(should be less than)

tube can take before buckling (critical load) was

calculated:

T2 X E X1
o=z

Reaction Force
Figure 4-31: Sketched lllustration of Round Tube Buckling Condition.
Where E is Young's Modulus, 4 is safety factor, L is length of tube.

T
1 is 2nd Moment of Area,l = 7 (D* — d*) where D & d are outer & inner diameters.

w2 X 70 X 10° X 67T—4 x (0.030* — (0.030 — 0.003 — 0.003)*)

P, = TRVEIE = 2815.6364 N(4 — 8)

Assuming this lift is taking the entire loco’s load, and in the whole system (4 tripods,
12 legs) only 4 legs were in contact with the ground due to unlevel flooring in the
workshop, each leg needs to take up to 1000kg X 9.81 + 4legs = 2452.5N, this is

lower than the critical load of the legs. Therefore, buckling should not occur.



Railway Challenge MEC8099: Team 11 Project Report Page 27

Bending — Connection Plate Star-shaped Slot for Legs

Force  Frictionless Support The connection plate was made of 16mm mild

Pin steel, and the star-shaped extensions had a
{ 5/ hazard of cracking off the plate through bending.
0 /( :

It was made as light as possible (570g) to improve

24 mobility. However, the studding can take up to
17000N (more than required).

Figure 4-32: Sketched lllustration
of Connection Plate Ears
Bending.

So, each ‘ear must take:

17000 N = 6 ears = 2833.33 N (4-198)
Each ‘ear’ was extended out for ~24mm, making the bending moment:
2833.33 N X 0.024 m = 68 Nm (4-9)

Consequently, its bending stress is:

68 Nm x 0.0075m

~ 0.010 m x 0.015 m?3
12

o = 181.33 MPa (4 — 10)

Considering the plate material, S275 mild steel yields at 275 MPa, the ‘ears’ could not

have cracked off. This is also further confirmed by an FEA analysis:

0.5 Min

Figure 4-33: Inventor FEA - Stress
Behaviour of Connection Plate.
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Bending — Boxed Tube for Body/ Loco

™. M12 Studding M12 Studding 7] As much as the shorter the boxed

500kg x 9.81 = 4905 N tube, the lower the bending stress,

the minimal requirement for its length

> Boxed Tube|| is governed by the lateral distance of
the tripod legs (0.30m); the bogie &

A~ Bending Moment Diagram trolley width for sliding underneath

T Half Length

(0.70m). Making the tube’s minimum

length to be: 0.30m+0.7m+

A4

/N Shear Force Diagram 0.30m = 1.3m. Its cross-section

dimensions are 2” x 2” x 0.25” wall
thickness. (2” = 50.8mm; 0.25" =
6.35mm)

Assuming the whole locomotive is on

Figure 4-34: Force Distribution, Bending, and .
Shear Behaviour of the Aluminium Boxed this stand (9810N of force, 4905N per

Tube. system), and it is acting as a singular
point force in the middle of the boxed tube (realistically it should be 2-point forces
acting closer to the studding), the boxed tube must be strong enough to withstand

such worst-case scenario. Bending would be the failure mode for this as well.

Bending Moment M = 4905 N X 0.75m = 3188.25 Nm (4-11)

BMx(0.0508%0.5)

Its bending stress is: o = ;

50.8 x 50.8%  (50.8 — 6.35 — 6.35) X (50.8 — 6.35 — 6.35)3
12 12

2nd Moment of Areal =

I = 379377.6 mm* = 3.793776 x 10~ "m* (4 —13)
o = 213.46 MPa (4 —14)

Considering Aluminium 6082 T6 yields at 270 MPa, it was deemed safe as the worst

load case does not exceed the material yield strength.

(4 —12)
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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'
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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 Bogie frame (JJ)

The bogie frame has been reused from 2021 team’s

design with minor modifications for ease of
manufacturing, assembling and  optimization.

Changes made:

e The slots have been increased in size by

0.5mm on each side to allow easier assembly
e Motor mounts and traction centre bushing Figure 5-5: 2021-2022 locomotive bogie
mounts have been optimized frame
e Bumps stops have been added to have a soft limit for bogie movement
e Minor modifications made to fit the new designs
e FEA performed for bogie twist and static loading

e Centre brace has been moved up

5.2.1 Motor Mount Brackets (CC, JJ)

The motor mount bracket is an L-shaped
inverted bracket, the two slots on one end are
to be welded on the bogie frame; the other end

houses bushings, where 1553N of force is

exerted vertically. This would have failed in

bending.

Its stress analysis behaviour is seen as figure _
Figure 5-6: Inventor FEA - Mount

5-6, as expected, the max bending stress occurs Bracket Stress Behaviour.
at the bending pivot point. b=

5.2.2 Traction Centre Bushing Brackets (CC)

Like the motor mount bracket, the TC bushing bracket

also has two slots welded onto the bogie frame. This
would have taken 19816.2N longitudinally (X-axis) to

transfer tractive effort to the body.

Its stress analysis behaviour is seen to at the image

here, where the max bending stress would have been  Figure 5-7: Inventor FEA -
Traction Centre Bracket Stress

by the welding spots. Behaviour.
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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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indicate possible future improvements which would help to reduce the weight and the

stress concentrations.

0 Min

Figure 5-10: FEA model with the mesh view. The mesh has 1.2 million nodes.
Same mesh was used for all the bogie frame simulations. Side plates are
experiencing the highest stresses

Figure 5-12: Bogie frame under static load showing deformation
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Bogie twist

For the bogie twist, the same 2kN load has been applied and the same mesh has been
used. However, the reaction forces have been scaled to 80% and 20% (Figure 5-13).
This scaling has been chosen because if the reaction force on one side of the bogie
drops below 20%, it means that the train has derailed. Maximum stress under this
loading is 140.7 MPa (Figure 5-13). This gives a safety factor of 1.95. The highest

stresses are circled in red. There is only 2.5 mm displacement at the corners of the

bogie which is reasonable and safe (Figure 5-14).

Figure 5-13: Bogie frame during extreme twist loading. Side plates experience
highest stresses

Figure 5-14: Bogie frame under twist load showing von Mises Stress



Railway Challenge MEC8099: Team 11 Project Report Page 36

Figure 5-15: Bogie frame under twist load showing deformation

Future improvements

e Remove the slots and constrain flat faces to each other

e Model longitudinal and shear stresses coming from the traction forces and
vehicle turning

e Fatigue testing — the structure has a lot of welds which makes it a subject to
fatigue failure. Calculations for required weld is recommended
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5.3 Secondary Suspension & anti-rollbar linkage (LK)

5.3.1 Secondary Suspension (LK)
The secondary suspension is a system that connects the bogie frame to the body of
the locomotive; as well as provide stiffness and damping force to the vertical, lateral,

yaw and roll motions of the vehicle body. (4)

The 2021 Railway team elected to use coil springs as the secondary suspension.
This design was complementary to the one applied in the 3rd year secondary
suspension design, this can be observed in Figure 5-1 and Figure 5-2. There was
not much modification or change required for the secondary suspension other than
determining the best coil spring for the locomotive and the connection from

suspension to chassis.

5.3.1.1 Secondary suspension requirements & specifications
The main requirement for the secondary suspension is to be able to contribute
towards the comfortability of the ride, as well as help lessen the noise from the

wheelset and motors.

Table 5-2: Secondary suspension technical specifications (12)

Vertical (up & down) | The secondary springs must be able to | When the locomotive is in
displacement displace in an upwards and downwards | stationary motion there needs to

motion under the chassis weight. be a 60mm clearance between

. the body and the bogie.
Body (chassis)
1 T

Figure 5-16: Vertical movement
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Lateral (side-to-side)

displacement

The secondary springs must be able to
displace sideways when the locomotive is in

cornering/twisting motion.

Body (chassis)
c >

Figure 5-17: Lateral movement

The secondary springs’ stiffness
needs to displace laterally during
cornering/twisting to allow the

locomotive to yaw.

Spring buckling

The secondary springs needs to handle
extreme loads transmitted from chassis and

must not buckle.

Failure of this will lead to
suspension  failure of the
locomotive and

derailment/toppling over of the

locomotive.

Spring strength

The secondary springs must be able to

handle the entire chassis weight.

Failure of this will cause the

suspension to not function

effectively.

Spring yaw clearance

There must be freedom for the secondary

springs to  perform  displacements

movements.

If the springs are blocked the
locomotive will not be able to yaw
and there will not be effective

steering on the bogie system.

Table 5-2 are the technical specifications that governed the design/modifications of

the secondary suspension.

5.3.1.2 Secondary suspension design

Most of the design work for the secondary suspension was done in 3 year, and it

helped greatly that both 2021 Railway team and the 3™ year secondary suspension

design had some similarities.
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Gusset
Figure 5-18: Secondary suspension bogie support

Table 5-3: desiqgn justifications

Horizontal spring platform
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The 2021 Railway team
design was preferred as it
offered a better support
for the This

design used spring seats

springs.

in addition
spring
help

to having
inner jackets to
support the
secondary springs better

and avoid buckling.

Part

Image

Design justification

Horizontal spring platform

Size: 6mm S275 mild steel

plate

The horizontal platform was
designed to be able to carry the
secondary springs as well as
handle the motion/movements that
are the suspension is subjected to.

Vertical spring platform

Size: 6mm S275
mild steel plate

The vertical platforms were used to
help ensure that in case of
derailment/hard breaking

Gusset

Size: 6mm S275
mild steel plate

These were used to help secure
the horizontal spring platform, as
the platform has to carry the shear
force transmitted by the secondary
suspension.
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Spring seat Size: 6mm S275 | These were used to help limit the
mild steel plate longitudinal movement of the
secondary suspension.

Future work/comments | The secondary suspension support design that was developed by
the 2021 Railway team was more admirable as it constraints the
longitudinal and vertical movements of the suspension whilst
providing it freedom to manoeuvre as designed.
The jigsaw-like slots provided ease of assemble given that a
tolerance of x1mm if applied to account for weld.

5.3.1.3 Secondary suspension spring analysis

To analyse the secondary suspension spring, the stiffness, displacement, buckling,
and height calculations were required to help select the best coil spring for the
locomotive. FEA analysis of the spring movement and forces carried was also

simulated to help determine the safety and quality of the selected spring.
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Figure 5-19: (a) Total vertical deformation (b) Maximum vertical shear stress (c) Maximum
lateral shear stress (d) Total lateral deformation

Hand calculations were performed to determine the vertical and lateral forces acting
on the secondary suspension, and FEA analysis was undertaken through ANSY to

verify the design of the suspension.
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The forces highlighted on Figure 5-19 are the ones for the worst-case scenario (for
which the assumption taken was the curvature grade from the exhibition park). The
reason behind using the worst-case scenario forces is to ensure that the secondary
suspension will not fail under any condition unless when subject to a force higher than

29 that of the chassis weight.

5.3.1.3.1 Secondary suspension lateral displacement

Lateral displacement calculations were performed to determine the clearance that the

springs required for its movements.
LL:H:G =1 350!’!1“1

Figure 5-20: Lateral movement of bogie at 20m bend

Required data for lateral displacement calculations:

e Curvature radius for Stapleford (r): 20m = 20000mmm
e Bogie width (Wsec.suspension): 500mm = 0.5m

e Length of half locomotive: Lioco/2 = 675mm = 0.675m
e Using sine inverse:

Equation

0.675) G-1)

B20m = sin" (=55~

= 1.93° this is the yaw angle for Stapleford, the lateral displacement will then be:
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Equation

sec.suspension

2
= 8.424mm where x = the distance required for cornering at 20m radius.

X193 = tan(193) X (5 - 2)

For worst case scenario, the radius of curvature taken was the one for the exhibition

part which is rexnibiion = 8m=8000mm
O0g., = 4.84° and the distance will be x4, =21.169mm

A distance of + 15mm was adapted at the top and bottom of the secondary suspension
to allow the lateral displacement of the springs due to the use of bump stops for
Stapleford. This was agreed to be the safest clearance that will allow the yaw

displacement of the bogie and chassis.

The distance of + 21mm was the worst-case scenario that will happen at exhibition
park without having any bump-stops applied. 4 bump stops were applied to help limit

the lateral displacement of the secondary suspension during cornering.

5.3.2 Secondary suspension spring buckling
To determine whether the springs will buckle under extreme loads, the slenderness

ratio equation was calculated for both springs (the 2021 Railway Team spring and the

spring chosen from 3rd year design).
Table 5-4: Slenderness ratio calculation

Slenderness ratio eguation 3'9 year

Slenderness ratio equation 2021 Railway

spring LHL 1500A 11 [Lee Spring]

Team spring: LHL 2000A 06 [Lee Spring]

Equation 1 Equation 2
dm = d,— dy (5-13) dm = d,— dy (5-3)
Mean diameter (dm (1)) = 30.17mm Mean diameter (dm (2)) = 39.83mm
Outer diameter (do (1)): 35.43mm Outer diameter (do (2)): 46.48mm
Wire diameter (dw 1)): 5.26mm Wire diameter (dw 2)): 6.65mm
Free length of spring (Lt 1)): 203.2mm Free length of spring (Lt (2): 127mm
Equation 3 Equation 4
Slenderness ratio = dL,,]: ((11)) (5-4) Slenderness ratio = an; (5-4)

=6.735

=3.189
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The 2021 Railway Team spring was the better option as the ratio is less than 4 whilst
the one from 3rd year it was going to buckle.

Going forward if compression springs are the selected secondary suspension, it is
good to note that when designing the springs on CAD it needs to be the one with the

static load operating on it.

Another design idea that can be taken forward in the future is the use of three
compression springs aligned together, this can be an option when trying to find ways

to save room on the bogie.

5.3.2.1 Secondary suspension spring height

The spring height is the desired static length at which
the mass of the chassis is being exerted downwards Body (chassis)

producing a force under gravity. This is when the

chassis is sitting on-top of the secondary springs

without the additional forces that occurs during
. Bogie
operation.

The specification stated there needs to be a 60mm Figure 5-21: Chassis force acting on
clearance between the chassis and the bogie. For final secondary springs
design, it was highlighted that it is ideal to have the

distance between the top frame of the bogie and the bottom plate of chassis as 40mm.

This distance was desirable as it not only allowed the locomotive to operate and
remain within the dynamic loading gauge during motion, but it was also the minimum
distance that can be achieved without compromising the functionality of the secondary

suspension springs.

In future work it is best to start the dynamic loading gauge at the start (using the
previous design), as this will help to determine the spacing within the locomotive as

well as help with calculation in later days as this can be used as a guideline.
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F
Static length = Lf(l) - (Lf(l) - Ls(l)) X — (5-5)
Fypy

Static length equation 3@ year spring LHL | Static length equation 2021 Railway Team
1500A 11 [Lee Spring] spring: LHL 2000A 06 [Lee Spring]
Equation 4 Equation 4

F
Static length = Lf(2) - (Lf(Z) - LS(Z)) X — (5-5)
Fy

=154.04mm =105.55mm
Static load of the chassis per spring (F):
60 y 600 x 2 X 9.81 _ 882.9N (5 6)
100 8 R -

Solid length (Ls 1)): 96.01mm

Solid length (Ls (2)): 60.96mm

Free length of spring (Lt (1)): 203.2mm

Free length of spring (Lt (2)): 127mm

Load at solid length (Fs (1)): 1924.99N

Load at solid length (Fs (2)): 2717.86N

After all these calculations, it was preferred to use the 2021 Railway team secondary
springs selection as they offered the optimal function for the suspension and allowed

the locomotive to operate within the dynamic loading gauge.

5.3.2.2 Secondary suspension manufacturing & assembly
5.3.2.2.1 Manufacturing
In terms of manufacturing of secondary suspension, there was not much that required

manufacture as the springs were to be bought in from Lee springs.
Table 5-6: Secondary suspension manufacturing plan

Part Manufacturing plan Quantity | Material Price

LHL 2000A springs | Bought in 8 Steel, Mild £119.68

Spring seats Laser cut (Acorn) 16 Mild steel, S275 | £70.96

Spring inner jackets | Machined (Newcastle university) | 16 Acetal £36.92

Spacers 3D printed (Newcastle | 32 Free
university)
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Table 5-7: Assembly plan for secondary suspension

Assembly order

How to assemble

1. Bottom plate spring seats | Welded to the horizontal spring platforms.

2. Bottom washers Clearance fitted onto the bottom plate spring seats.

3. Bottom inner jackets Interference fitted into the washers.

4. Springs Clearance fitted outside the Bottom inner jackets.

5. Top inner jackets Clearance fitted inside the springs (Top).

6. Top washers Interferences fitted into the top inner jackets.

7. Top spring seats Welded into the secondary suspension — to chassis connection

plate and then inserted into the top inner jackets.

The assembly of the secondary suspension was dependent of the bogie frame

assembly. The bogie was to be
assembled first then the suspension

can be assembled.

It was assembled on a Bottom-Top
arrangement as the bottom spring’s
seats were welded together with the

bogie frame.

5.3.2.2.3 Future work

For the secondary suspension future
work that needs to be done is
determining the best way to ensure that
the springs do not buckle. The current
use of spring seats is ideal for the time
being, but it provides limitations on the

type of springs that need to be used.

NS

(’ 1} L]
R

NANNAN

1: Bogie-to-chassis
connection plate

2: Spacers
3: Spring seats
4: Spring inner jackets

5: LHL 2000A 06 Spring with

static load acting on

Figure 5-22: Secondary suspension assembly

It is difficult to replace the bogie-chassis connection plate as well as the horizontal and

vertical platforms due to them having weldment, meaning that if the spring design

changes then the bogie frame design must change as well as the connection.
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5.3.3 Anti-rollbar linkage (LK)

Figure 5-23: FBD of anti-rollbar
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Anti-roll bar linkage helps to limit the
body roll angle of the locomotive, it's
aim is to prevent derailment when the
locomotive is curving/twisting during

operation.

When the locomotive is manoeuvring
through bends, twists, and curves a
torque force is produces causing the
chassis of the locomotive to lean/tip
onto one side due to change of
direction, this also changes the
velocity and momentum of the

locomotive.

The stiffness of the anti-rollbar will
cause the induced torque to be

transmitted along the length of the

torsion bar onto the other side of the anti-rollbar and will be met with the other

lever/arm that connects to the side of chassis that is leaning downwards in relation to

the bogie, the transmitted torque will be induced to this side of the chassis causing an

upward force that will try to equalize both sides of the chassis.

5.3.3.1 Anti-rollbar specification

Table 5-8: Anti-rollbar technical specification (12)

Anti-rollbar - chassis roll

Anti-rollbar must be able to limit the
body roll that the chassis
experiences.

This is to prevent the derailment of
the locomotive when manoeuvring
through curves/twists.

Anti-rollbar width

Anti-rollbar must not be wider than
the chassis.

This is to help lessen the stresses
acting on the chassis and anti-
rollbar connection.

Anti-rollbar disassembly

The entire anti-rollbar assembly
must be able to disassemble
without damaging of other parts of
the locomotive.

This is for ease of maintenance.
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5.3.3.2 Anti-rollbar analysis
There was not much design submitted for the anti-rollbar in 3rd year, so the 2021

Railway team anti-rollbar design was taken forward for modifications.

The design did not require many changes apart from performing analysis and finding

way to improve the performance as well as ensuring the design fit with the specification

of the challenge.

1: Bogie-to-chassis connection plate
2: M10 bushing plates

3: M10 bushing lugs

4: RS-1893192 bushes

5: Anti-rollbar lever arms

6: TLK 110 locking bush

7: FYTJ bearings

8: 20mm Torsion bar

9: Sidearms

10: Spacers

Figure 5-24: Anti-rollbar assembly & parts name

During first locomotive CAD assembly it was noted that the side arms of the anti-rollbar
were longer than the space available, as well as the lever arms being longer than the
40mm distance between the bogie top frame and the chassis bottom.
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Hand-calculations were made to
obtain a suitable length of side arms

Fi

and lever arm without causing the anti- l
rollbar to fail, and it was decided that

o

Figure 5-25: Anti-rollbar Torque & stress
deflection sketch

the anti-rollbar arms were to be halved

from the original length of 120mm to

©

60mm.

Table 5-9: Anti-rollbar vertical displacement calculation

' 600k
l(:é)br)ce exerted by chassis ; g X 29 = 2943N (5 — 7)
Polar moment of inertia (J) nD* 1 x0.02* ~
= = 1.5708 x 10~ 8m* (5-98)
32 32
Torque per angular | G/ (80 x 10%) x (1.5708 x 1078) _ 2353Nm (5—9)
deflection (%) L~ 0.534m ~ " tad
Torque (T) Fp, X 0.06 = 2943 X 0.06 = 176.58Nm (5—-10)
i 176.58
Angular deflection (6) — 0.075rads (5 — 11)
2353
Vertical displacement (x) 60 X tan® = 60 X tan 0.075 = 4.508mm (5 —12)
p 60mm _,

Y
Figure 5-26: Anti-rollbar vertical displacement sketch
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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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5.4

Brakes (JJ)

5.4.1 Requirements and specifications

1.

W

© N O A

9.

The locomotive must have an exclusive mechanical emergency brake which is
applied by the driver

The mechanical brake must be a failsafe in case of a system malfunction

The emergency brake will operate whenever communication with the remote-
control unit is lost, regardless of the current locomotive operating state, within
0.5 seconds of disconnection.

Emergency brake shall feature manual release and reapplication feature

No single fault shall reduce braking by more than 50%

Brakes should be able to have a deceleration of 1.15-1.3 m/s2

The locomotive must have an emergency brake

Brakes must allow to regulate speed downhill and help at the hill start

Brake design must allow to complete maintenance challenge

5.4.2 Concept design

Four possible concepts to operate the brakes have been considered.
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Vacuum operated brakes

Air operated brakes

Hydraulic brakes

Electrodynamic braking

Advantages: Disadvantages: Advantages: Disadvantages: Advantages: Disadvantages: Advantages: Disadvantages:
Leaks can get onto | Power can be regenerated
Compressor and air Consumes less braking surfaces and | for later use or fed to the .
. . . . . Ineffective at low
Simple Large and slow Simple and easy reservoir is power than air suddenly reduce overhead wire — more speeds
required brakes braking sustainable and P
performance. economical
Brake blending with Small brake fluid . No high wearin Complex —
& . Useful for other . Brake fluid needs 8 g . P
Pressure electrodynamic . . reservoirs and . components — easier microprocessors
. ) train systems Consumes quite a . .| servicing and system ) .
reservoir not | braking would not . master cylinder is . maintenance, longer required to
. - such as doors, bit of power . needs bleeding from .
required be possible because ) smaller than air . service life, more control the
suspension air bubbles . .
of 1 to 0 output compressor economical braking

Low air pressure
means large brake

High pressure

Very high pressure in

Train must have

brake cylinders

. . Air leaks are easy required the system — electric
cylinders which ) . s . .
- to find appropriate fittings requires appropriate generator/motor
would create fitting . . .
. and lines handling and parts — expensive
options
- ) High pressure
Difficult to find Leaks can damage
means compact
leaks other components
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From all the information listed above, it was decided to use electrodynamic braking blended with mechanical air-operated brakes.
Electrodynamic brakes were chosen because the train has electric motors which can act as generators so there are no costs added
to the system. Also, regenerating energy is one of the IMechE railway challenges, and using generators to convert braking energy to
electrical energy is the most efficient and cost-effective way. Electrodynamic braking is combined with a mechanical air brake to solve
the low-speed issue. The mechanical air brake would work as an emergency, parking and failsafe brake. The disadvantages of
vacuum and hydraulic brakes seemed higher than air brakes. Also, investment has been already made by the previous year to buy

an expensive air compressor and electro-pneumatic regulator.

Four possibilities were considered for the mounting of the mechanical brake
Table 5-12: Four possible brake mounting concepts considered. Motor mounted brakes proved to be the best

Wheel mounted brake discs Wheel thread brakes Axle mounted Motor mounted
Advantages Disadvantages Advantages Disadvantages Advantages Disadvantages Advantages Disadvantages
. Due to gearin . .
Brake disc must be . 8 g Load is carried by
. Compact and Multiple Takes a lot of rotates faster )
easily replaceable . Can damage the . . the drive system
. , simple — used . brakes can be | space and is which results
Simple without the wheel wheels, especially . — must be
) on motor . mounted on usually used on in lower force ) .
being . at high speeds . . . considered during
. bogies one axle trailer bogies required from )
decommissioned . design
braking
Does not have Hard to maintain
Combact — Heats the wheels | the same More compact | compared to
P Cleans the and makes them | problems as Harder to do than axle wheel mounted
used on motor . .
) wheel expand - design wheel maintenance mounted as the access to
bogies . .
must be adjusted | mounted brakes the brakes is
brakes limited




Railway Challenge MEC8099: Team 11 Project Report Page 53

Motor-mounted brakes have been chosen because this design is more compact than
axle-mounted brakes due to the lower force required to produce the same
deceleration. Wheel thread brakes had significant disadvantages and wheel-mounted
brake discs are more complex than motor mounted. Also, wheels have been inherited
from previous years without the required design considerations for wheel-mounted

brake discs.
For mechanical air brakes, there were three options

e Brake calliper acting on the brake disc
e Brake shoe acting on a brake disc

e Brake shoe actuating into a vee pulley

The third option was chosen because it is compact. The Vee pulley and brake shoe is
the smallest assembly. The vee pulley increases the braking force applied due to the
17-degree angle. Increased braking performance allows the design to use smaller
parts such as a pneumatic cylinder and spring due to lower forces. This design was
considered by previous years which meant that no fundamental changes were

necessary.

5.4.3 Layout design
The inherited design had come to the same conclusion.

However, the design had numerous design flaws (Figure 5-26):

Poor brake shoe design
Poor pneumatic cylinder mounting bracket design

Poor brake shoe anti-rotation bracket design

S

Impossible to remove the brake shoe for the maintenance

challenge

/V

o1

Calculations required for rod, spring and braking force 1

6. Difficult manufacturing Figure 5-28: Brake design

inherited from 2020-2021
locomotive team
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To begin with, a new brake shoe was designed to maximise the
contact area with the pulley and allow 5mm of wear before the

replacement brake shoe is needed (Figure 5-27).

Design must ensure that only angled surfaces are touching the

brake shoe and there is clearance in the centre. Also, with some

simple changes, the design of the mounting bracket has been

adjusted for easier welding to the motor plate. Figure 5-29: New brake shoe
design
Then multiple solutions have been suggested for better brake

shoe mounting to help with the removal of the brake shoe for the maintenance

challenge.
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Table 5-13: Brake shoe mounting concepts considered
Solution 1 Solution 2 Solution 3

The design used 2 bolts with
a tapped hole on one of the
brackets. The whole assembly
slides down from the piston
and can be rotated in the vee
pulley to be fully removed.
Parts could be laser cut. One
of the brackets has an
extension to prevent the
brake shoe from rotating
under braking. The design is
ensured to work in the fully
worn-out specification.

This design utilized a pin with wire
to secure the brake shoe in place.
The pin goes through the brake
shoe and the piston. The pin is
easier to remove than grub
screws. All parts cuts be laser cut.
However, it might be difficult to
drill a hole in a 20mm piston and it
could be unsafe. Pin wire could
also cause some problems by
getting stuck in unwanted places.
The brake can still rotate.

Solution 3 utilizes a custom flange
that can be secured with a pin to
the piston or welded directly. If the
flange is welded to the piston, then
bolts must be undone to remove
the brake shoe for maintenance
challenge. If it is secured with a pin,
then the whole assembly drops as
the pin is removed. However, it is
difficult to manufacture the flange,
calculations are needed for pin
strength and the assembly might
not be stable under braking. Limited
space is available to drill the holes
into the brake shoe vertically.

Figure 5-30: Brake shoe
solution 1

Other ideas:

Figure 5-31: Brake shoe
solution 2

Figure 5-32: Brake shoe
solution 3

e Use a coupling to connect the piston and custom brake shoe

e Thread the piston

Solution 1 was pursued and further developed (Figure 5-30). The reasons were — that
it was the easiest to quickly disassemble, the solution prevents brake shoe rotation,

The design has been adjusted for manufacturing and ease of assembling.
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Part

Manufacturing process and description

- Brake shoe

e Laser cutting

e Turning

e Bandsaw cutting
The profile gets laser cut. Then the brake
shoe is put into the lathe and the inner hole
get turned to have a tapered 17degree
surface. The part gets cut in half to give two
brake shoes. In total 6 brake shoes were
made to have 2 spares
The mild steel brake shoe is in contact with
cast iron vee pulley to generate braking due
to friction

- Pneumatic
cvlinder support

e Laser cutting
The profile is laser cut. The side cut for the
extended brake shoe mount has been
opened to avoid clearance issues and to
make the assembly easier.
This part is used to bolt the pneumatic
cylinder and it is welded to the motor bracket

Spring
seat

e The spring seat has been 3D printed
e Specs: Cura Multimaker 3, PLA
plastic, 40% fill and 0.1mm nozzel
The spring seat prevents movement of the
spring in the pneumatic cylinder, ensures
good positioning during preloading and
assembling of the brakes.

e Laser cutting
e Drilling

Brake This part secures the brake shoe to the
shoe .
piston rod
e Laser cut
e Drilling
- Brake e Tapping
shoe The part secures the brake shoe to the
mount piston rod and prevents the brake shoe from
rotating under braking. The holes are tapped
instead of using a nut due to limited space
e Bought from RS components and
Pneumatic « Driling
cylinder « Tapping
e Milling

The pneumatic cylinder actuates the piston
with the brake shoe using compressed air.
When air is supplied the spring inside is
compressed and the brake is released.
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LHL 1250B 02 spring from LeeSpings has been purchased with the following

specifications:

Table 5-14: Spring specification

Part Number LHL 1250B 02
Series HEFTY Die Spring
Outside diameter (mm) 30.23

Hole diameter (mm) 31.75

Rod diameter (mm) 15.88

Free length (mm) 44 .45

Rate (N/mm) 105.08

Solid height (mm) 27.43

Wire diameter (mm) 4.95

Material Oil Tempered Chrome Silicon
Load at solid height 1788.19

The spring must provide enough force to stop the locomotive in case of power and air

malfunction without the help of electric motors. The calculations were done for worst

case scenario which occurs at Exhibition Park:

Maximum tractive effort

Assume that the locomotive weights
1000kg, then total braking force

There are 4 wheelsets with a brake
each, therefore force per wheelset

The wheel diameter is 250mm. The
force converted to torque is

Assuming 100% belt drive efficiency

m
a =363 5 =037g
F=mx»a=1000*3.63 = 3630 N

3630
Fy=——=9075N

T, = F*r=9075%0.125 = 113.5 Nm

N 22
Ty =T, *— = 113.5* — = 31.2 Nm

and with a gear ratio of 22:80, then the YN, 80
torque on the motor shaft

Assuming that the torque is applied at Fe L 312 960 N
the centre of the pulley, then the T d ~ 0.0325

tangential force at the brake shoe

The coefficient of friction between
brake shoe (mild steel) and vee pulley
(cast iron) = 0.23 (6)

The shape of the vee pulley increases
the applied force (Figure 5.31)

960
Faxial == m == 4174- N

Foxia * tan(17) _ 4174 » 0.306

Fapplied = 2 >
=639 N

(5-14)

(5-15)

(5-16)

(5-17)

(5-18)

(5-19)

(5-20)

(5-21)



Railway Challenge MEC8099: Team 11 Project Report Page 58

Figure 5-33: Vee pulley applied force amplification

For the system to be failsafe in case of system failure — loss of pressure or electrical
problem, the spring must apply 639 N to the brake shoe to stop the locomotive going

at the maximum tractive effort.

Spring length

Free length = 44.45 1
Rest height = 38.45

0 bar

5 bars
Fully compressed = 31

Solid height = 27.43

» Spring

639 N 1402 N 1788 N
*The force of the compressed spring. Not the force acting on the brake

Figure 5-34: Spring force over spring length graph. Indicates the operating range

5.4.4.2 Piston bending

During braking, piston would experience bending. Therefore, the piston was treated

as a cantilever experiencing bending to ensure its safety.

F=639N

\ >

A

LR

Figure 5-35: Brake piston loading free body diagram
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Table 5-15: Brake piston loading parameters

Length L 55 mm

Diameter of the rod d 20 mm

Tangential force F 639 N

Yield strength of carbon steel (1008) | 285 MPa (7)

m* d* o 4

Second moment of area - "1 7.854+107"m (5-22)

Moment @ maximum length M = 639 % 0.055 = 35.145 Nm (5-23)

Maximum stress _ M xy _ 35.145 = 0.01 (5-24)

o = 44.75 MPa

I 7.854%107°
The yield strength of carbon steel is much higher than 25.7 MPa. Therefore, the rod is
safe.

5.4.4.3 Pneumatic ram

SMC pneumatic compact cylinders (CDQ2B63TF — 50 DZ) have been purchased. This
cylinder has been purchased by previous years. However, it fits the purpose because

it is compact, with correct stroke and force rating.

Some important specifications:
Table 5-16: SMC pneumatic cylinder specifications

Bore (mm) 63

Stroke (mm) 50

Max pressure (bar) 10

Dimensions (L x W x H in mm) 94 x84 x 77

Area (m?) 0.002803

Extra Lubrication is not required and has a
magnetic piston

The compressor can supply up to 5 bar pressures. Therefore, the maximum force

exerted onto the piston would be:

F=Px%A=5%10°Pa x0.002803 m? = 1402 N (5-25)

The solid height force from the spring is higher than the maximum force from the
piston. This means that the spring will never be fully compressed — up to 3.7 mm of
compression left. This is good because a fully compressed spring would have metal

to metal contact.
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Modifications (Figure 5-37)

1. The rod has been cut to 53mm and the end face milled flat
2. M8 hole drilled in the centre for manual release bolt in case there is a
malfunction with the air system

=

Figure 5-36: Final brake assembly Figure 5-37: Cross-section of the final
design design with the modifications required
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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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Calculations have been performed to have a general idea of the design required

Mass of the bogie 200kg (5-26)
Maximum deceleration of the bogie 10g (5-27)
relative to the body

Length of the TC 0.31m (5-28)
Force acting on the TC F =ma = 200*10g = 20000 N (5-29)

Bending moment on TC at BM =Fx*L =20000=x0.31=6200Nm (5-30)
maximum length

Bending moment on TC at half BM =F =L = 20000 * 0.155 = 3100 Nm (5-31)
length

Using the bending stress formula (5-24), it was determined that the tube must be at

least 76mm in diameter and 5mm thick if the material is S335.
Three concepts have been considered for TC:

The first concept utilizes two round steel tubes welded together Figure 5.40. The tubes
can be of different sizes because the moment decreases as the distance from load
decreases Equation (5-31). Therefore, using different size tubes can save weight and
space. Figure 5.41 shows how the assembly would be secured to the rectangle tube
which is connected to the body. As the bolts are loosened, the whole assembly can
slide out of the rectangle tube as the body is lifted of the bogie. This concept had a

couple of flaws:

e Difficult to tighten the top bolts due to limited space

e Expensive aluminium billets

e Assembly is more than 40mm away from the centre of the mass in the x-
direction
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e Clearance issues with the motor and bogie frame

Round

aluminum billet
- : /Top bracket

Rectangle

connection tube

b

[ ‘V K| ) § EASScsos s ouGosaG

l I i T I P
| \l N
AONEN
|
|
|
|
.

I

‘\ Bottom bracket
Bigger diameter tube — Weld
Smaller diameter tube —, \
! Weld
Figure 5.41: Cross-section of cdncept 1 for Figure 5.42: Concept 1 design

mounting to the connection tube
The concept has been altered to fix some of the flaws Figure 5.44. The design has
been shifted to the centre of the mass. This provided more clearance for the motor
mounts and the frame. However, traction centre bushing brackets had to be modified
and TC sitting in the middle of the bushings has reduced the allowable movement. The
weight of this design is just over 3kg. It would be difficult to manufacture such TC,

especially connecting different size tubes.

The second concept was created trying to avoid the difficulty of the manufacturing the
first concept. This design utilized a single round steel tube with the same mounting
mechanism Figure 5.44. The design is about 300g heavier and has worse clearance
with motor mounts. However, clearance issues can be solved and manufacturing of
such a system is much more simple. The additional weight is negligible compared to

the weight of the whole bogie. Aluminium billet Rectangle connection tube

The third concept uses laser cut, bent metal ,/

easiest to manufacture and takes the same

plates Figure 5.44. This concept is the Ej’/

amount of space. Due to the shape of the

design, the connection tube is mounted in the

centre of mass to give good ride quality while
Figure 5.43: Cross-section of concept 3 for

keeping the solution mounted on top of the mounting to the connection tube
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bushing to maximize allowed movement. However, this is the heaviest assembly —
about 4.5 kg. The mounting of the assembly is quite difficult. The billet must be inserted
into the tube to prevent tube crushing when the bolts are tightened and secured using
epoxy. When the bolts are undone the whole assembly is ready to slide out when the

body is lifted off the bogie.

Figure 5.44: — fixed concept 1, concept 2 and concept 3 designs
After considering all three concepts — concept three has been chosen to progress.

Ease of manufacturing and space occupied have been chosen as the most important
criteria whereas mass and ease of assembly as the least important. The mass
difference between designs becomes irrelevant in the scale of the whole locomotive

and even if difficult the traction centre only needs be assemble once.

Table 5-17: Selection criteria table for traction centre

Criteria
Weighing criteria 5 1 4 3 2
TC version Fase of . Mass Spac.e Cost Ease O.f Total
manufacturing occupied assembling
1 1 3 2 2 1 24
2 2 2 1 3 3 31
3 3 1 3 1 3 37

*More points are better



Railway Challenge MEC8099: Team 11 Project Report Page 65

5.5.3 Layout design (JJ) C-channel
Couple of solutions have been further investigated to prevent the

crushing of the chassis connection tube while making the Support

manufacturing and assembly easier. The first solution suggested using steel
C-channel instead of the rectangle tube to connect to the chassis plates

(Figure 5.45). This would give better access to the billet which would Very

difficult
to bend

result in easier manufacturing. The channel would be supported with
steel plates to prevent crushing. However, the channel is not as strong
in bending as a beam. Therefore, a thicker metal must be used to have
a safe design. Also, modifying the channel flanges reduces the

strength of the channel significantly.
g g y Figure 5.45: crushing prevention for the tube

It has been investigated using threaded inserts with steel tubes to replace the
expensive and heavy billet. However, the steel tubes are difficult to assemble if a

rectangle tube is used.

The second idea was to remove the TC with the rectangle tube connection all together.
The TC plates would be permanently connected to the tube either by welding, rivets
or hollo bolts by Lindapter. Rivets would require extra manufacturing time due to extra
steps, hollo bolts have very limited space due to the small width of the traction centre
plate. Therefore, welding seemed to be the most valid option since TC assembly is
welded together it would be the easiest, quickest and cheapest. Removing TC with the
rectangle tube connection imposed new problems as having L brackets or flanges at

the end of the chassis connection meant that it was impossible to assemble.



Railway Challenge MEC8099: Team 11 Project Report Page 66

Two solutions have been suggested how to tackle this problem (Figure 5.44):

1. To add blocks inside the body’s C-channels to slide out the connection
2. Turn the body’s C-channels the other way around

Impossible to

assemble

Figure 5.46: solutions to solve assembling problems with TC
The second option was not possible because the internal body walls attach to the

outside of the c-channel. This change would require a redesign of the body which was
too big of a change. Therefore, it was decided to go with solution 1. The design has
been modified for ease of manufacturing and appropriate calculations have been

carried out to ensure safety.
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5.5.4 Final design (JJ)
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Part

Manufacturing process and description

- Straight plate

e Laser cutting — 8 mm S275 steel
The profile is laser cut and is carrying traction and
braking force

- Extension billet

e Aluminium 6082 T6 flat bar has been
purchased
e Faces milled to the correct dimensions
e Holes drilled
e Some holes tapped
This extension billet sits in the body’s c-channel and
allows to disconnect the traction centre from the body

u

- Connection

e Laser cutting — 6 mm S275 steel
The profile has been laser cut. Flange allows to
connect TC to the body using 2 bolts.

Chassis
connection

e Bought in component
e 70x50x3 S275 steel

- Anti-buckling

e Laser cutting — 8 mm S275 steel
Anti-buckling plate prevents the TC plates from
buckling under load

- Bent plate

e Laser cutting — 8 mm S275 steel

¢ Bending
The profile is laser cut and later bent. With the help of
straight plate, this part carries the traction and braking
force

- Hook

e Laser cutting — 8 mm S275 steel
This part connects TC to the bushings which are
attached to the bogie. It acts as a connection point
and gives hard stop for vertical movement of the
bogie

- Bushing

e Laser cutting — 6 mm S275 steel
This part connects the TC bushings

- Bushing

e Bought in component from Fibet
e Part name: FBNA1230.3434
e Specification details in appendix H-1

e R4

- Bushing lug

e Bought in component from metal supermarket
e The lugs have been cut and bored to have an
interference fit
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In the final design, the TC has been raised by 33 mm to have TC bushing in the same
plane as the centre of the mass. This improved the ride quality and reduced the
bending moment.

L brackets and laser cut flange have been considered to attach chassis connection to
the block. Flange proved to be easier to manufacture and weld. During assembly, it

only requires 2 bolts to undo one side of the connection.

The bushings were kept around 100mm apart to have good ride quality. It was
considered to use a tube to connect the bushings. However, it is harder to manufacture

than laser-cut plates.

Bump stops have been introduced to have soft limits during the pitch and roll of the

bogie. This prevents metal-to-metal contact in extreme situations.

90-degree bend on the straight plate was impossible to manufacture and it was
redesigned along with the introduction of the hook for y-direction movement hard limit.

5.5.4.1 Finite element analysis (FEA) of the TC plates (JJ)

FEA analysis has been performed to optimize the design. It has been discovered that
35mm wide and 8mm thick plates works the best. Red colour in the pictures indicates
yielding as the stress exceeds 275 MPa. However, as seen in Figure 5.47 the colour

is not all the way through the material which would indicate failure. This yielding is

Fixed support
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Figure 5.47: FEA analysis of the flat plates
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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

MEC8099: Team 11 Project Report

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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5.7 True Ground Speed Monitoring System (AH)

5.7.1 Initial Design

The use of a motor was
required to obtain the true
ground speed of the Loco,
this decision, motor
selection and electrical
configuration is explained
in Section 9.2.1. The motor
required a device to mount

it to the underframe of the

bogie. Jack Robson Figure 5-60: Inherited Ground SpeedDesign (8)
previously designed the mounting system shown in Figure 5-60 (8). This design was
then adapted for the motors selected in Section 9.2.1. However, upon undertaking a
manufacturing review, it was thought that design of the spring seat and motor

connection were unnecessarily complex, both requiring CNC milling operations.

5.7.2 Simplified Mounting Bracket
The motors were inspected, and it
was established that there were two
M4 bolts which traverse the full
length of the housing, allowing
mounting of the motor from the rear
plate a possibility. An aluminium
‘cup’ could be turned on a lathe to
create a simple mounting point,
which would the attach directly to the
studding. The design was then

simplified further to use three laser
cut plates which would be bolted  Figure 5-61: Simplified Mounting Bracket

together using the studding, thus removing the need to machine the mounting bracket

at all.
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5.7.3 Simplified Spring Seat

The spring seat was therefore the only remaining part requiring machining. The design
was reviewed, and it was established that the location of the spring seat meant that
the angles involved meant it required machining. The location of the spring was
therefore considered, and it was thought that it made sense to locate the spring closer
to the motor, on the un-bent section of studding. This is because the most susceptible
failure mode of the motor was thought to be as a result of bending stresses on the
motor shaft. Therefore, ideally the force of the spring would be located directly above
the shaft, however this would be difficult to achieve due to the cylindrical shape and
rotational movement of the roller and so the spring as situated as close to the shaft as
possible.

Current Force Application

|

Desirable Force Application

Figure 5-62: Current Force Application and Desired Force Application

Relocating the spring seat to the horizontal un-bent section of the studding allowed
for a much simpler spring seat design to be developed. Using sheet metal and L-
brackets bolted or riveted together, as shown in Figure 5-62. The spring seat was
modelled on Inventor using the outer diameter of the springs, it was then 3D printed
with all four spring seats printed in PLA in 2hours 27minutes, significantly quicker

and cheaper than if they were to be machined.
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5.7.4 Roller Design

The new mounting system offers the benefit of being simpler and cheaper to
manufacture but at the disadvantage of no longer protecting the motor from the
elements and from debris. The roller design was therefore modified to increase the
protection it offers to the motor by creating two hollow cavities at either end of the
cylinder, allowing the motor to sit inside one end such that the roller rotates around the
motor housing. This reduces the weight which although should be taken by the
railhnead in most circumstances, would be taken by the motor shaft in unique
circumstances. In these circumstances the roller would exert a bending moment on

the shaft and so it’s desirable to minimise the roller weight as much as possible.

5.7.5 Spring Selection Table 5-24: LCM200LM 03 S Data (14)
The spring was to be specified of a low stiffness rate | Property Value
as the weight of the motor and mounting system | Material Stainless Steel
id maintain ol ith the railhead. If th Hole Diameter 28mm
would maintain roller contact with the railhead. If the < Height >1mm
spring has too high a stiffness rate, then the motor | Free Length 135mm
shaft would be exposed to a higher bending stress | Rate 1.038N/mm

then necessary. In most situations, the spring will be obsolete with it only being
required to push the roller onto the railhead on areas with poor track geometry or large
cant. The spring selected was Lee Spring LCM200LM 03 S. Key technical data is
available in Table 21.

5.7.6 Final Design & Manufacture

The final design drawings can be found in
Appendix B. During manufacture, a motor was
broken as the brushes were damaged when
removing the plate to fit one of the mounting
plates to the motor. Figure 5-63 is an image of

the mounting plates bolted to a motor.

Figure 5-63: Mounting plates bolted to
motor
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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
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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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896. The big sprocket is attached to the axle using a 2517- 65mm taper lock bush and
locking/friction coupling. Friction coupling prevents the sprocket from moving on the
shaft and can carry the torque. The small sprocket is attached using 1108 — 7/8inch
taper lock bush which secures the sprocket from moving on the shaft and the key
which carries the torque. Due to a short motor shaft, a custom shaft extension was
required. The vee pulley for brakes was connected with 1108 — 7/8inch taper lock bush

and key as well.

Table 6-10: Components for the belt drive system

Number Part
22 teeth sprocket — 8MX-22s-21
Taper lock bush — 1108 7/8 inch
Vee pulley — SPZ75/1
Taper lock bush — 1108 7/8 inch
Washer to secure the shaft extension
Shaft extension — machined from steel
Keyway. Machined to fit the motor shaft
80 teeth sprocket — 8MX-80s-21
Taper lock bush — 2517 65mm
10 Friction coupling - Ringfeeder 7012-40x65mm
11 Unnecessary gap. Design flaw fixed later
Local Gates representative engineer was contacted, and it was brought to attention

OO NGO IWIN|F-

that selected sprockets and belts are only for the North American market. The

sprockets and belts available in Europe are:

e 8M-22s-21 small sprocket — different design, comes with a pilot bore
e 8M-80s-21 big sprocket — identical design
e 8MGTYV - 896 21mm — Poly chain carbon belt which is carbon reinforced belt

The small sprocket assembly had to be || —
redesigned. The new small sprocket is

much wider which resulted in virtually no 5 —‘

overlap between the vee pulley and motor — /

shaft. This leaves the key in shear with a : <E — I

small area. Calculations have been done to

see if the key is capable of transferring the

torque from the vee pulley under braking to ~ New sprocket

the motor shaft. Key dimensions: Figure 6.13: Redesigned cross-section of the
European market small sprocket assembly
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4.763 mm 50 mm

4.884 mm

Figure 6.2.4 Shaft key dimensions

Area of the key in shear

Maximum torque from braking T =315Nm
Shaft diameter d =7/8inch =22.225 mm
T
Shear stress T= ap) =122 MPa
A

A = 4.884 % 4.763 = 23.26 mm?

Page 88
(6—-8)
(6-9)
(6 —10)
(6 —11)

Allowable shear stress is 0.35 of the yield stress (ANSI B17.1 class 1). This means

that the key material should have a yield stress of at least 350 MPa. Common

materials used for keys are medium carbon steels and stainless steels which have a

yield strength range of 200-400 MPa. To have a good safety factor two keys must be

used or the overlap must increase. The compressive stress
has a much higher safety factor compared to the shear stress

due to a bigger contact area.

A design has been created where the flange of the 8M-22s-
21 small sprocket was machined off to increase the overlap
and as a result, increase the key shear area (marked in red).
New maximum shear stress was calculated to be 69.5 MPa
with the required yield stress of around 200 MPa which is

commonly available.

Although it was expected to go with this design, it was

spotted that the motor shaft and 1108 taper lock bushes

1/

H

<

%

A

Figure 6.14: Cross section of the

modified small sprocket

assembly. Highlighted vee pulley

and sprocket overlap

have different size keyways. This added extra complexity to this design because the

custom key must be machined. Therefore, this design has been revisited to come up

with a design that requires less machining and is simpler.



Railway Challenge MEC8099: Team 11 Project Report Page 89

Final design

In the final design the sprocket has been bored to fit the motor shaft 7/8in and a
keyway with a key was made to transfer torque from the motor. The design tried to
avoid altering the sprockets too much as they are expensive and hard to get. Vee

Spring

Figure 6.15: Final design of the belt drive system small sprocket assembly

pulley has been bored to have a heavy interference fit with sprockets shoulder.
Although, an interference fit can carry some torque two 3mm diameter spring pins
have been added to help transfer torque from braking to the motor shaft. It was
considered to have horizontal spring pins. However, it proved to be easier for
manufacturing to have them fitted vertically. The whole assembly is secured to the
shaft using a 6mm washer and M10 bolt. For this assembly to work the pneumatic

cylinder support bracket had to be shortened.

Spring pin calculations

Maximum braking force T 31.2Nm (6 —12)
F, =—=————=1105N
max-d 0.0285m

ISO 8752 pin single shear Fpin = 3.16 kN (6 —13)
strength

Fymm 3160 N (6 — 14)

SF = = =

Safety factor Enge 1105N

For balance two spring pins have been used which doubles the safety factor.
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Washer FEA

FEA model has been created to choose the thickness of the washer. Additional parts
have been used to simulate the loading. The load applied was the proof load of the
M10 bolt — 34.8kN. The support for the washer was the overlap area with the vee
pulley. 5mm washer showed significant yielding (indicated with red colour). Although,
some yielding is visible on the 6mm washer, it is more local, not as deep and the

loading chosen was extreme — in service, the bolt is not tightened to the proof load.

AT

SNz

Deep and significant yielding for 5mm
Figure 6.16: FEA analysis of 5 mm washer loaded with M10 bolt

Figure 6.17: FEA analysis of 6 mm washer loaded with M10 bolt
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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
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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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7. Body, Structure and Nose Cones (HW, JO)

s 2020

Figure 7-1: Full CAD model of body

7.1 Body Layout

The body houses most of the components that are required for the operation of the

locomotive. This includes batteries, control systems and air compressor.

A modular design is used for the locomotive so that it can be split in half for easy
transportation. Passive provision is in place to allow the inclusion of a passenger car
between the two halves in the future. This also ensures reliability and easy fault finding
as each half of the body can act largely independently, essentially acting as its own

locomotive.
Control Car Air Car

Sevcon DC-DC Converto Battery isolation

_———3 -

Low voltage battery Control boxes anditrunking ~ Air Compressor Invertor

Figure 7-2: Layout of the body
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7.1.1 Contents of the locomotive
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Table 7-1: Table of contents of the locomotive body

Both Cars

Control hanger

A central plate for boxes (containing low voltage
circuits) and cables to attach to.

Sevcons

Each Sevcon is attached to a mount to keep it
upright with its own heat sink. There is two
sevcons per loco half (one for each motor).

Lead
Batteries (48V)

Acid

Each loco halve contains four 12v car batteries
to power the high voltage system. They are
enclosed in a case with a clamping mechanism
that is designed to allow for quick battery
removal.

Battery isolation
switch & fuses

Each set of four batterys in series need an
isolation switch to stop flow of charge in a case
of emergency or when not in use. An adequate
fuse is also needed to brake the circuit in the
case of a short circuit.

Autostop Sensor

Sensor to be used during the IMECHE autostop
challenge. It detects when the locomotive has
passed a reflective panel and brings the
locomotive to a stop.

Air Car

Inverter

Converts the 48V battery supply to 230V AC for
the compressor and horn. Located at the front
for close proximity to these components.

Compressor

The compressor is used to operate the brake
system.

Air Horn

Air horn is located in the front nose of the loco
to warn anyone in front and to sound away from
passengers riding behind the loco.

Control
Car

Extra Battery

Extra battery for the low volage circuits.
Encased with an independent clamping
system. A battery isolation switch and adequate
fuse is also required.

Fire Extinguisher

Fire extinguisher readily accessible by lifting
gull-wing door in case of emergency and alerts

from the fire detection system.

7.2 Connection block

7.2.1 Previous design work

The previous year’s design took a two-pronged approach to connecting the locomotive

halves — using two plates to connect the bottoms of the c-channels and plates higher
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up on the internal wall assemblies. Validation of this deign through calculations had

largely not yet been conducted.

Discussion of this design identified that the strong points of the design were the
methods used to connect the two locomotive halves as they were sound in principle.
However, it was decided that if after further validation the connection could be
supported using only the fishplate connection block the need for additional bolts and
plates on the internal wall assemblies could be removed. Leading to less weight and
removing potential difficulties of assembling the locomotive halves together as internal
components and lack of space would make accessing these bolts for assembly
difficult.

7.2.2 Design iteration

Upon completion of initial hand

found that the 3"x3/2"x1/4"x1/4” c-
channels used in the previous design

Figure 7-3: 4”’x2”x1/4”x5/16” C-channel support on
the body
would not provide enough bending

strength for use and not be able to accommodate a large enough connection block.

Therefore, the decision to increase the c-channels to 4'x2"x1/4"x1/4” was made due
to the increase bending strength and allowance for a larger connection block. This led
to changes in size of many other components of the body, although these changes did

not affect the locomotive structurally.

During purchase enquiry for the c-channels, difficulty in getting 4’x2"x1/4”x1/4” c-
channels arose. This is due to a popular practice of making the channel flanges slightly
thicker than the c-channel wall. The size of the flanges on the new c-channel would
be 5/16” an increase of 1.5875 mm. This increase is minimal, and recalculation
validated that the changes in size of the connection block and cross beam would be

valid.

Vertical bolts that would hold the block in place in a tensile fashion and also provide

the added benefit of bolting the floor securely in place were viewed as a good design
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v decision — especially as bolt’s strength in tension is

5!‘-1_.@"

4"

[ <

double that in shear. However, taking a looking
holistic approach it was identified that when
attempting to bolt the two halves of the locomotive
together these bolts would prove hugely difficult to
line up, leading to opting for using additional

horizontal bolts instead.

Figure 7-4: Cross section view of 4”’x27x1/4”x56/16” C-channel support on the body

7.2.3 Final design validation

Figure 7-5: Final CAD design of connection block

The bending moment at the coupler
due to forcing at the coupler (because
of forcing on or due to carriages or
collision): 100KN

This force is divided by two as it is
reacted by two c-channel members:
50KN

Using a distance from the member to
the force at the coupler as 0.1348m
gives a moment applied at the end of
the c-channel as:

M =F xd = 100KN x 0.1348 = 13.48kNm (7-1)

7.2.3.1 Distance from member to force at coupler

¢ Height of bogie from point in contact with rail head to point in contact with c-

channel; 338mm

e Height of c-channel: 4 inches [101.6mm]

e Height of centreline of coupler bracket from rail head: 10 inches [254mm]

e Distance from centre of member to force at coupler: 338mm+50.8mm -254mm

=134.8mm
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Using this distance to find moment on the members:
M =F xd=100KN % 0.1348 = 13.48KNm

Moment on each member:

13.48KNm

> = 6.74KNm per member (7-2)

If the bolts are at a 200mm spacing the shear force in a single bolt is:
6740 + 0.2 = 64.4KN (7-3)

The proof loads a bolt should be able to withstand is 64.4KN (2 times the shear force

needed to be withstood).

However, we will put each bolt in parallel (2 bolts) as above so the actual proof loads
each bolt will need to take is 32.2KN.

Two M12 bolts would be sufficient for this spacing [Proof strength of M12 grade 12.9
socket cap bolt=81.8KN, shear strength=40.9KN.

Bolt crushing

This calculation checks that the wall of the c-channel will not be crushed by the force
exerted from the bolts onto the c-channel which causes a contact stress. Note: this
assumes that the wall of the c-channel will take all the force from the bolts; this is a
very conservative assumption as in reality the connection block will also be in contact
with the bolt and take a large amount of this force. Leading to a much lower stress in
the walls of the c-channel. It is suitable to use this conservative assumption as the c-

D =12mm channels support the

” Ll
| v structure of the

locomotive and are
therefore a critical

component.

The contact patch

Figure 7.6 — Diagram of contact area of bolt on ~ between the bolt is assumed
flange in crushing to be rectangular.
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Area in crushing = 6.35 x 1073 x 12 x 1073 = 7.62 X 10™°>m (7 —4)
If we use two bolts the force in each bolt is half the shear force

_E_ _1680N 12 x10P (7 —5)
%= AT 762x105m T @

Which is valid as 221.12 MPa is below the yield strength of aluminium 6082-T6

Bending stresses on the connection block

If a 38.1mm (1.5inch) thick block is used

My 6740 X 0.0445 x 12
7= 7T T 0.0381 x (0.0889)°

= 134.5MPa (7 —6)

This is valid as stress is well under yield for aluminium 6082-t6

This block will be machined down from a 3.5-inch (88.9mm) aluminium grade 6082-t6
block (purchase reference C-4) as this is the closest readily available size that is able

to be milled down.

7.3 — Body Structure

7.3.1 - Ladder Chassis

A ladder chassis uses two high strength beams to give the body a large amount of its

~ strength
;_- especially in the
- longitudinal
direction.

Perpendicular
tubes  between
these two high

strength  beams

e .

- help to provide
Figure 7.7 — Manufactured ladder chassis

lateral strength.
The benefits of this type of chassis are its easy assembly and high strength as well as
ability to make with standard parts. The downside is its limited torsional strength — to
counter this the internal wall assemblies and floor are designed to provide torsional

strength to the structure.
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The high strength beams used are aluminium 6082-t6 c-channel of dimensions
4”x2°x1/4"x5/16”. 6082-16 is a readily available grade of aluminium that is used for

structural applications.  Although MECHANICAL PROPERTIES

expensive it is still in the expected S E 48533008
Plate

price range of affordability for our — EEEEEEEEEEL

applications and has the highest

Proof Stress 255 Min MPa

strength out of the 6000 series of Tensile Strength 300 Min MPa

aluminium with strength properties Elongation AS0 mm 9 Min %
Hardness Brinell 91 HB

akin to s275 steel but is 1/3 of its

Properties above are for matenal in the Té and T&51 condition

density. Therefore, saving a third  Figure 7.8 — Mechanical properties of 6082-t6 from
Aalco (13)

® Density: 7800 KG/M?

Electrical Resistance: 0.20 - 0.25 pQOm
Elongation (in 200mm): 20%

Hardness Vickers: 115 - 154 Vickers — HY
Melting Point: 1460 °C

Modus of Elasticity: 210 GPa

Shear Modulus: 80 GPa

Tensile Strength: 370 - 530 N/mm?
Thermal Conductivity: 50 W/m®k
Thermal Expansion: 11 pm/m-k

e Reducing the amount of energy Yield Strength: 275 N/mm?

Figure 7.9 — Mechanical properties of mild steel
needed to be fed to the S275 (5)

weight from the locomotive. This

is particularly important due to the c-
channels large size contributing
significant weight to the locomotive that

needs to have its weight minimised.

Minimising the weight of the locomotive

|
|
|
|
|
|
|
achieves two main objectives: =
|
|

motors to accelerate the
locomotive or to keep a constant speed due to frictional forces and when the
locomotive is climbing an incline.

e Keep each locomotive halve under the maximum weight for the Stevenson
building lift (500kg including trolley) so that it is possible to move the locomotive
from where it is assembled (floor 2) to a track.

60x60x3mm Steel box tubes(S275) were added to the ladder chassis to allow the
locomotive to be jacked up, at the body, by using casters. S275 Steel is used as it has
the required strength and has a high price to strength ratio. As well as this steels high
weldability is required to weld to the mounting flanges that can be bolted to the c-
channel for attachment, without having to bolt through the box tube. A requirement so
that the jacking gear can be attached.
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7.3.2 - Internal walls

The internal walls of the locomotive give the
locomotive its structure helping to support the sides
of the locomotive, the control hangers, invertor shelf

and top box that contains the jacking gear.

Previous years designs of the internal walls were to

| be assembled using bolts to connect the internal
ﬁ . walls to the backplates. Unfortunately, this would

lead to the issue of removing all these

Figure 7.10 — Final CAD model of internal

wall one of the internal wall assemblies bolts after the halves of the locomotive

were separated. This is not a viable
option due to issues regarding the accessibility and time taken to remove of over
eighteen bolts.

Two alternate methods of assembling the internal wall assembly were suggested:

Welding- The limitations of welding the internal walls together are due to the difficulties
of welding aluminium. Changing the internal walls to steel would lead to a large

increase in weight and would be unviable.

Riveting — Riveting of the brackets holding the internal wall assemblies would allow

the assemblies to be placed back-to-back with one another without interference (as

long as the rivets are filled down —
correctly). This was decided as the
preferred option. Note was taken that
this would likely result in the need for
purchase of an air powered rivet gun to
speed up manufacturing as well as
prevent difficulties that would result from
trying to hand rivet large rivets through
relatively thick material. The completed
assembly of the internal walls used four Figure 7.11— Image of riveting setup
4.8mm stainless steel rivets per bracket and was manufactured by use of a large hand

riveting device and air rivet gun.
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The control hanger is the home to all of the low

voltage circuitry of the locomotive. Its objective

is to store the low voltage circuitry away from the

high voltage components and wires that could

provide

interference. These hangers are

supported by the internal walls of the locomotive

and make use of otherwise wasted space.

Figure 7.12 — Diagram of front control hanger
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l
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20
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896.5

895.5

0
1096.5

1095.5

The design underwent late changes to

remove the channels as a result of a
change to the boxes used for holding
the low voltage electrical
components. These component
boxes increased in size and switched
to aluminium boxes. This negated
the need to have c-channels to hold
the boxes as they could be bolted
directly to the central hanger plate.
This reduces cost and weight of the
central hanger (a saving of 3.83kg
per hanger.) As the central plates
provided the hangers bending
strength in the longitudinal direction
where bending deflection (due to
weight) will occur the bending
strength of the control hangers will

not be sacrificed.
Figure 7.13 — Diagram to represent
control hanger in 3-point bending,

Figure 7.14 — Bending moment
diagram for control hanger

7.15- Shear force diagram for
control hanger
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Hanger validation

bd®> (62x107°)®x3x107°

f fi le, I =
Second moment of area for rectangle, 12 17

_ My 53.784 x31.375x 1073
s 5.958 x 108

o = 28.1MPa (7-7)

The bending stress is well below the yield stress for aluminium 6082-T6 (255Mpa) and
therefore will not fail.

Bending deflection

5 FI? 2.5g9 X 1096.5 x 1073
" 48E] 48 x 68 x 109 X 5.958 x 108

=0.157x10™*m = 0.16mm (7 — 8)

7.3.4 — Sevcon mount design

Limitations of the design for the previous sevcon mount are:

e Heatsink not in proper thermal contact with the sevcon as the aluminium stand
sandwiched between the sevcon and heatsink will limit thermal conductivity and
therefore cooling. The solution was to change the design for the heatsink to bolt
directly to the sevcon.

e The radius of bending at the bottom of the sevcon mount will be very difficult
with aluminium as it has a tendency to crack under tight bending radiuses

[——————

especially as thickness of aluminium increases .

— Solution: use angle bought from manufacture l
to provide the 90-degree angle needed.

e Cost of getting the part externally bent out of
aluminium sheet — solution: Use standard parts
purchased from metal supermarket at much

lower cost.

Figure 7.16 — Manufactured Sevcon mount

= 5.958 x 1078(7 — 6)
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The new design of the second mounts is as below:

/@9 1) Drill holes on sevcon bracket angle for
mounting to floor.

___Sevco

n 2) Drill holes between sevcon heatsink and

sevcon bracket angle.

3) Drill holes on sevcon heatsink for

mounting sevcon.

/ 4) Bolt sevcon heatsink to sevcon bracket

Heat angle.
Sink _~ Angle
e ey 5) Bolt sevcon to sevcon heatsink (taking
great care).
@ 6) Bolt sevcon bracket angle to locomotive
floor.

Figure 7.17 — Diagram to show the new

design of the sevcon mount

7.3.5 — Door mounting

Hinges mounted to the top box allow for the side panels to be opened without tools
allowing for access to the internals of the body that may need to be frequently

accessed when on site at Stapleford railway.

Minor changes to the hinges included changing the hinge material from plastic to
stainless steel to allow for stainless steels rivets to be used in attaching the hinges.

Meaning that the doors can be opened fully.

7.4 - Internal components

The internal components of the locomotive were revised leading to the need for

change in the layout of the body’s internal components.
Some of these changes include:

e Changes to the storage of energy obtained during energy regeneration —
leading to a removal of two large supercapacitors and the millipaks required to
operate them. The energy is now stored back into the 48v battery assemblies.

¢ Changes to the positioning of low voltage components — all low voltage
components moved to be positioned within the control hanger (made possible
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due to adaptations made to the locomotive hanger). Freeing up more space
on the floor of the locomotive.

e Addition of parts previously missing from the model —
it was identified that the DC-DC convertor for the
sevcons, high voltage fuses and circuit isolation
switches required for the high voltage had been

missed off previous iterations of the body and
needed to be added. Figure 7.18 — Battery isolation switch

Flange

Box Tube [Steel S355] =>

dimmensions:60x60x3mm

(1)

dimmensions:70x70x4mm [62mm? internal hole]

C-channel [Aluminium 6082-T6] 4 /

=> dimmensions:4”x2"x0.25”
Plate [Aluminium 6082-T6]
=>thickness: 3/8”

!

Weld

Flange
Box Tube [Steel S355] =>
dimmensions:60x60x3mm
(2)
L
m\ Box Tube [Steel S275] =>
dimmensions:70x70x4mm
C-channel [Aluminium 6082-T6] /‘a [62mm? internal hole]
== dimmensions:4"x2"x0.25" l
Weld Flange

Box Tube [Steel S355] ==

*g I }mmensions:ﬁOxﬁOmem
3)

T[‘ Box Tube [Steel S275] =>
dimmensions:70x70x4mm [62mm? internal hole]

C-channel [Aluminium 6082-T6]
== dimmensions:4"x2"x0.25"

Figure 7.19 — Diagram showing the design stages to
attach the jacks to the locomotive
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7.5 — Jacking

7.5.1 Design Process for attaching the jacks to the locomotive body
Changes from (1) - (2): Flange moved onto the inside of the c-channel and increased
in size, so it is supported by the c-channel (interference fit). This negated the need for

the aluminium plate as a spacer

Changes from (2) — (3): The box tube attached to the body no longer sits on the flange
of the c-channel. To allow for the welded assembly to be slid into position instead of
welded in position, meaning welding is easier as the large c-channels do not need to

be present.

Two 4mm aluminium plates were added to the bottom and left-hand side of the
[70x70x4mm] box tube so that the jacking box tube [60x60x4mm] will not be able to
rattle around and will sit inside the box tube flush.

Note: using a 2.5"x2.5"x1/4” steel box tube for the jacking tube was considered but
later discarded as it was not readily available for purchase and the box had to be steel
due to welding strength so no other materials could be used (e.g., aluminium)

7.5.2 Calculations to decide the size of the box section that is needed to attach

the casters for jacking

1000 Nm (BM) + 1000Nm (T) +
10000N (Shear)

\

1000 Nm (BM) + 1000Nm (T) +

10000N (Shear)
m1 my

‘—? % F=(m,+trailing load)x10g

pr—y p—y
2000 2000N—»
2000N T 2000N
10000N 10000N

Figure 7.20 — Forces on the jacking gear box section due to jacking
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Shear stress on the jacking gear box section

~ 1000
T = 2% (0.0562) x 0.004

= 39.86MPa (7-9)

F 10,000
VE T T 4% (0.0572) x 0.003

= 5.58MPa (7 -10)

Sum of shear forces = tr + tr = 39.86Mpa + 5.58Mpa = 45.4MPa (7-11)

Tensile Stress on the jacking gear box section

My 1500 x 0.03

=2 = " —956MP 7 — 12
oM == g7 <10 oMPa ( )
0.06* — 0.054*
I = 12 =4.707 x 10~"m* (7 — 13)
2000
OTension = m = 2.08MPa (7 - 14)

Equivalent stress

Stress equivalent = 0,4 = \/02 + (3 x1?)= \/161.422 + 3 X (45.4)? = 179.55MPa(7 — 15)

The equivalent stress on the box section is 179.55MPa this is well below the yield

stress for mild steel S355 of 355MPa and therefore is safe for use.

Saftey Factor = 2% = 355Mpa =1.98 (7 — 16)
aftey Factor = = 179 s5Mpa -

Note: at the welds for the box to the flange the bending moment is not as high as the
maximum bending moment in the beam due to bending in the lateral direction, as a
result of bending moment distribution in a cantilever beam. This means that the use of

welds should be sufficiently strong especially with the safety factor used.

P

F

BMmax
BM |

\ |

-

Figure 7.21 — Diagram and bending moment diagram of jacking box tube
attached to the jacks
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7.5.2 Is the box bracket flange in crushing?
A=(6x1073) x (70 x 1073)
= 42x1073(7-17)

F 10000

A 6x10-3x70x10-3
= 23.8MPa (7 — 18)

23.8Mpa < 270Mpa (yield of S275)
and therefore will not fail.

N\
Q
\_}; L
7.5.3 Removal of jacking tube at

the centre of the locomotive

r K

ey

6
-~ The jacking tubes at centre of the

Figure 7.22 Drawing of box bracket flange locomotive have been removed. This
20 is due to the logic that by cutting large

chunks of metal out of the wall of the c-

© | channel you will greatly decrease its

strength.

Figure 7.23 — Drawing of the area of the flange in

crushing This has the drawback that each half

of the locomotive can now not be
jacked separately. However, the locomotive will still be able to be jacked as a whole
locomotive. The main objective of jacking of the locomotive. Additional changes as a
result of this is that the floor was then supported in less areas. Meaning a reversal of
a previous change of the floors thickness back to 6mm from 3mm to increase its
bending strength. More analysis of the connection between the 60x60x4mm box tube,

and the flange to connect to the jacks is available in Appendix C-4.

7.6 - Manufacturing improvements (Body)

Table 7-2: Improvements made during manufacturing of the body

Lessons learned Method to rectify Design Changes

Box Tube flanges | Milled 1.75mm off the | The walls of the flanges
incorrect size as c- | sides of each flange. then reduced in thickness.
channel  flange  size Crushing calculations

changed after purchase were then conducted to
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ensure the flanges still
have sufficient strength.

Cross member originally
to be bent by acorn lasers.
However, bends of
aluminium would be weak
and prone to breaking in

The design of the cross
member was changed to
use standard aluminium
parts from metal
supermarket. Also

A flat piece of aluminium
sheet was rivetted to the
aluminium c-channel that
would create the flanges
to mount the cross

bending. reducing price. member in place.
The steel S275 box tube | A metal cutting band saw | The box tube no longer
was too long as the|was used to shorten the | sits on the flanges of the c-

decision was made to not
have the box tube sit on
the flange of the c-channel
after purchase. To allow
for the welded assembly to

be slid into position
instead of welded in
position, allowing for

easier welding.

length of the steel S275
box tube.

channels but results in no
other design changes.

The bolts to attach the
sevcons mount to the floor
were below the heatsink.
This did not matter as the
holes were threaded but
easier access could be
provided by modification.

Moving the holes further
apart on the angle.

Moving the holes further
apart on the angle.

Lining up the M3 bolts on
the top box to mount it to
the internal wall
assembly’s proved to be
difficult.

4.8mm Stainless steel
rivets (16 per halve) were
used to attach the top box
instead. Bigger holes e.g.
4mm for the M3 bolts
could have been used.
However, this was c
against as the bolts would
rattle about more and
using rivets was deemed
to be the easier method as
inserting and removing 24
M3 bolts would already
prove to be time
consuming.

The top box could no
longer be removed being a
drawback. However as
long as the control
hangers were placed in
before the top box was
attached all other
components can still be
removed and inserted. It

should be noted that
accessibility is however
decreased.
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7.7 Nose Cones (JO)

A review of the overall shape of the nose was performed. The design needed to update

to match the latest perimeter of the locomotive and it also had to fall within the
kinematic loading gauge. Attempts were made to define the nose geometry with hand

calculations though these proved unreliable with exception to the tip and backplate.

A different approach was taken to defining nose geometry within the dynamic loading
gauge, using inventor to draw a model the locomotive and drawing the constraining

i} 1 5 1 4 d? K] 1 2 1 1
D D
f— —
i ——— e N
- w |- -
l—— B
[ Ic
—_— e
B B
A
ALL DIMENSIONS IN mm
ALL DIMENSIONS # D.1mm
LUNLESS DTHERWISE SHOWN
REMCVE ALL SHARF EDGES
DC NOT ALTER WITHOUT AGREEMENT OF DESIGNER i
COPYRIGHT 28:01/2022 NEWCASTLE UNVERSITY MECHAEMGEMTGINEERING
[ T B T L] $ 3 T Zz T 1

Figure 7-7-1: Autodesk Inventor drawing of body overhang.

It should be noted that the nose exceeds the dynamic loading gauge, though this is
only for less than 100 microns, and upon consultation was determined to be a

nonissue.

The CAD design of the nose was exceedingly complicated. Converting the nose to
sheet metal was a more arduous task than first anticipated. The nose geometry is

defined by a series of work planes and work axis, upon which drawings are created to
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curve, extrude and cut the nose into shape. The size elevation and curvature of the
nose cone were experimented with, creating a shorter, stubbed nose.

Upon review it was determined that the design was satisfactory and any change to the
curve diameter and size elevation wouldn’'t be aesthetically pleasing. Due to the
complex geometry of the nose, each one must be made from 8 parts of sheet metal,

as opposed to the original intended 6.

The type of aluminium chosen was 5754 due to its weather resistance, weldability and
most importantly, ductility. There were discussions about the nature of the nose,
initially being two halves welded together, top and bottom, but this brought
complications with access to the fire extinguisher and other tools residing inside the
nose. The design was adjusted to include a hinged mount on the interior roof of the
top plate. Since the shaping and cutting of the sheet metal was pre-paid for, the only
assembly was the welding of the lower and upper portions of the nose, as well as
mounting the assembled noses to the body, reducing manufacturing time and
simplifying assembly. Both noses are identical and match the outline of the body,

making incorrect assembly incredibly difficult.

Initially the nose was to be created by hand from aluminium sheet of approximately
1mm. A scale plot of the unfolded pattern for the respective parts of the nose would
be created and fixed to the aluminium, using tin snips to cut the metal to shape. The
parts would be rolled appropriately and then welded on the internal seam. This was
deemed needlessly complicated and although much more adaptable to complications
with geometry, would consume valuable time. Therefore, the components are to be

order bent to shape from acorn laser, with the intention of welding remaining the same.
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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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allowing multiple comparison operations to be undertaken by a singular IC. The
specification of an LM393 comparator IC was compared to an LM741, of which key
comparisons have been listed in Table 9-1. LM393 ICs were chosen as each one
replaces two LM741 ICs, saves £1.54 and reduces supply current draw by 4.8mA,

preserving battery capacity.

9.1.2 Fire Detection Circuit Testing

+12W
N L M393 From Safety Circuit © oo O To Safety Circuit
Activation Voltage 00—+ \‘\_ Y Y
Voltage Equivalent to Temperature 0—;/

Figure 9-1: Using an LM393 for comparison of temperature voltage to activation

voltage in the fire detection system

The fire detection circuit designed by Alex Hooper in the previous academic year was
created on a breadboard for testing. Testing of the arrangement shown in Figure 9-1
found the use of an LM393 to be unsuitable as the high output was incapable of
energising the relay coil. The LM393 output was measured as 11.8V and 20mA by a
Multimeter. The relay is rated at 12V with a 50mA minimum switching current. Thus,
the inability of the LM393 to energise the coil and activate the safety circuit alarm was

determined to be due to an output current of 30mA less than required.

From Safety Circuit © 0 o O To Safety Circuit
™S Lvrar BC547 (NPN)
Activation Voltage &———+ Vv S
Yoltage Equivalent to Temperature 0—;/

Figure 9-2: Replacing an LM393 with an LM741 outputting to a BC547 with 10k

potentiometer acting as a pull-up resistor
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The LM393 IC was replaced with an LM741, connected by a pull up resistor (10kQ
potentiometer) to a 12V supply rail and then to the base of a BC547 transistor as
shown in Figure 9-2. This configuration allowed the required 50mA switching current
to be pulled from the 12V rail and through the relay coil when the base of the
transmitter is activated by the output of the LM741, energising the relay coil. However,
upon the output returning to low, the relay coil did not de-energise causing the alarm
to remain active despite the system not detecting the presence of a fire. It was
observed that in the low state, the output voltage of 2.17V was preventing the contacts
returning to the normally open position. Further research uncovered that an inherent
feature of the LM741 is that it incapable of outputting voltages close to either of its
supply voltages. Therefore, an op-amp with ‘rail-to-rail’ output was sought, allowing an
output up to the limits of the positive and negative supply. Therefore, if the negative
supply is grounded, the output tends to OV when low rather than 2.17V. An AD820
was specified as it can achieve a ‘rail-to-rail’ output. An AD820 is significantly more
expensive (£5.84/unit) than an LM741 (£1.02/unit), however it enables the correction
function of relay control. The transistor was replaced with a BS270 power MOSFET
as it drew less current (168mA) compared to the transistor (209mA) when energising

the relay coil. Figure 9-3 illustrates the adaptions, which were tested successfully.

From Safety Circuit © oo O To Safety Circuit
vl2v LYY Y
+12V -—H—_—l—
10 kO
™ apezo — Beart
Activation Voltage =——+ :! |
Yoltage Equivalent to Temperature ﬂ'—;/

Figure 9-3: LM741 replaced with an AD820 and BC547 transistor replaced with BS270
power MOSFET
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9.1.3 Combining Fire & Heat Detection Circuits (AH) NTC Thermistor Behaviour
The fire detection and battery temperature monitoring HIGH

circuits designed by Alex Hooper in the previous A A
academic year were two independent circuits with each

half of the Loco having one of each. The two circuit

designs used a similar principle; both compared voltage

across a NTC (Negative Temperature Coefficient)

thermistor (equivalent to temperature) and compared it v

with a reference voltage to determine whether the T(°C) R(Q)  Vemistor
temperature is above or below a threshold temperature. LOW

Figure 9-4 llustrates the behaviours of NTC
thermistors. The fire detection system energised a relay Figure 9-4: NTC thermistor behaviour
to trigger the safety circuit, as explained in Section 9.1.2. The heat detection circuit
utilised LM393 comparators to determine a range of which the voltage equivalent to

temperature was within and illuminate a coloured LED as an indication.

The logical development of these two circuits was to combine them such that the
systems share thermistors. This halves the number of thermistors required, reducing
costs by £17 and halving the number of components requiring disconnection during
battery removal, an important consideration for the refuelling challenge. The merge
was simple, with the output from the thermistors feeding all the comparators and op-
amps from both systems. Figure 9-5 illustrates the merge, where the red circuitry is
that of the fire detection circuit and the blue circuitry of the battery temperature
monitoring system. Pre-merge, the two circuits were completely independent and so
the connection shown in green did not exist. Post-merge the green wire allows the use
of a singular thermistor and voltage follower configuration as the temperature voltage
for both the fire detection and battery temperature monitoring system, allowing the
circuitry highlighted in yellow to be removed. The sections of circuitry shown would be
scaled to accommodate either eight or nine monitoring ones in each half of the loco,
while additional AND gates and comparators have been omitted for clarity. The fully,

successfully, tested circuit is available in Appendix D-1 and D-2.

The merge increases the complexity of the fire detection system which, considering is

a mandatory safety critical circuit, is desirable to minimise componentry and
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complexity to reduce the likelihood of a fault developing as any fault with the fire

detection system would require operation of the Loco to cease immediately.

9.1.4 Fail-safe Adaption

Table 9-2: Circuit Logic Before & After Fail-safe Adaption

Logic Before Fail-safe

Logic After Fail-safe

Adaption Adaption
IF Statement | Indicating | AD820 Output Relay AD820 Output Relay
Vhermistor<VFire| NO Fire LOW De-energised HIGH Energised
(NC) (NO)
VThermistor>VFire Fire HIGH Energised LOW De-energised
(NO) (NC)

Best practice dictates that the design of safety critical systems should be such that

they are fail-safe, which in the case of fire detection means including mechanisms to

identify faults with the system. Table 9-2 details the circuit logic pre-adaption where,

in the event of activation, the relay coil is energised. However, if a fault resulting in

loss of power to the thermistors or comparators were to develop, then a scenario could

develop where a fire is not detected as the power fault would prevent the relay coil

from energising. Figure 9-6 illustrates the circuitry before the adaption.

Figure 9-6: Fire detection circuit before fail-safe adaption
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Therefore, the circuit was modified (shown in Figure 9-7) such that the relay coil is to
be energised when the system is not activated such that any voltage drop across the
thermistors or ICs will cause the relay coil to lose current, de-energise, and thus
activate the alarm. This adaption does not distinguish a fault from a fire and so requires
investigation by an operator upon alarm activation. This improvement also doesn’t
account for a fault with the power supply of the safety circuit; however, it much

improves the fault detection capabilities of the fire detection system.

From Safety Circuit

+12V

[P5-C)

thermistor

=12V (P5-4)

+12W
(F5-B)

TFT
=

MHC MO MC

Activate Safety Circuit

Figure 9-7: Fire detection circuit after fail-safe adaption

9.2 True Ground Speed Monitoring Method (AH)

9.2.1 Method Justification & Motor Selection

The research and development undertaken by previous team member Jack Robson
determined the most cost effective and accurate method of true speed monitoring is
to use a pair of motors operating as generators, with one for each rail. The output
voltage of these motors, turned generators, can then be used to imply an operating
speed based on the radius of the wheel and rating of the motors. To ensure accurate
speed measurement, it was thought a high-quality motor would be required. However,
high quality DC motors can cost upwards of £200. The decision was therefore made
to purchase a Nidec 12V motor at a cost of £26.08 This motor was connected to an
oscilloscope; however, the output was found to be unsuitable and so alternative

motors were sought.
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It was discovered that the University had GuINSTEK  vev -100.0us  Gtop M Measure
high quality Trident 24V motors available 3 v"‘
which were, at the time, not in use. It was
agreed, with thanks to Mr Peter Chapman,
that two of these motors could be donated to
the Loco project. Figure 9-8 displays the
waveform output of one of these motors,
which was significantly smoother compared
to the cheaper Nidec motor. The two motors

donated cost £175.04 each and so this kind ; ?mgganu
o LUt i

donation presented the team with a

Figure 9-8: Trident 24V motor output

significant cost saving. The addition of a
polarised capacitor at the output further improved the smoothness of the output, as
shown in Figure 9-8 (200mV intervals). The generators output signal fed into an LM741
op-amp. However, the generators are rated at 24V while the maximum input voltage
for an LM741 is 15V. The output voltage from the generators at 15mph is expected to
be 16.7V. The decision was therefore made to use an AD820 on a single supply of O-
24V, as it’s specified to supply voltages up to 30V. Zener-diodes were considered to
‘clip’ the voltage, however the ~0.7V potential drop would need to be considered, thus
reducing the accuracy of the speed measurement as the true voltage drop would not

be exactly known and may not be constant.

9.2.2 True Ground Speed Calculation
Assumptions:
e No load on generators
e Voltage output is linear to the rotational speed of the motor
e Roller has an external diameter of 80mm, as justified in Section #.
Based on the above assumptions, Equation 9-1 can be used to determine the true

ground speed of the loco. Where: V., = Average voltage output of generators

m 1.927
) 9-1)

LocoTrueGroundSpeed (? = 5900 X T
gen
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9.3 Control Circuit (AH)

9.3.1 Overview

The control circuit is based upon the original work undertaken by James Tordoff and
modifications made by Alex Hooper during the previous academic year and is based
upon analogue componentry on the basis that previous attempts to use micro-
processors were unsuccessful. Voltages in the range of 0 to 10V are used to indicate
an acceleration or brake demand. Full deceleration is equivalent to 0V, with 10V
indicating a full acceleration demand, thus making 5V ‘neutral’. Acceleration and
deceleration demands are linear between the voltage extremities albeit with a small
dead band around 5V. The control circuit has four main functions: driver specified
acceleration/deceleration, cruise control, and WSP (Wheel Slip Protection).

The control circuit was reviewed, the following issues were highlighted:

e Outdated analogue multiplier selection for creep control

e Lack of brake blending and integration with EBV (Electronic Brake Valve)

e Lack of forward/reverse functionality

e Lack of functionality to set Pin 22 of the Sevcons to 5V during WSP activation

e Frequency to voltage conversion method not being validated with testing
9.3.2 Analogue Multiplier Selection
The operation of multiplication is required in both the control circuit and Auto-stop
circuit. Op-amps are incapable of performing a multiplication operation and thus
bespoke ICs were sought, specifically analogue multipliers. Previous team member
James Tordoff recommended an AD534, however, this IC was specified two years
ago and so it was decided that a review of the selected multiplier should be
undertaken. Research discovered that an updated version of the AD534, the AD734,
was available at a lower cost than the AD534 and with significant improvements. This

multiplier and two others were compared, as listed in Table 9-3.
Table 9-3: Analogue Multiplier Key Data Comparison

AD633 AD734 AD532 AD534
Price £12.23 £32.84 £86.52 £52.87
Accuracy 2% 0.1% 1% 0.25%
Non-linearity 0.1% 0.05% 0.5% 0.2%
Frequency 1MHz 10MHz 1MHz 1MHz
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An evaluation table (Table 9-4) determined an AD734 as the optimal (lowest scoring)

selection. The evaluation factors were ranked as follows:

e Price: Most important due to lack of sponsorship and small budget at the time.

e Accuracy: Important as small voltages are to be multiplied, with accuracy to
0.01V expected.

e Non-linearity: Important for consistent behaviour of control system but not as
important as accuracy.

e Frequency: High speed performance not deemed important.
Table 9-4: Evaluation Table for Creep Control Analogue Multiplier

AD633 AD734 AD532 AD534
Price (1x) 1 2 4 3
Accuracy (0.8x) 4 1 3 2
Non-linearity (0.4x) | 2 1 4 3
Frequency (0.1x) 2 1 2 2
Score 5.2 3.3 8.2 6

The Auto-stop multiplication operation has slightly different requirements and so the
evaluation factors were modified. The voltage being multiplied is expected to be
significantly larger and less sensitive to 001V changes, reducing the important of
accuracy. Linearity was also deemed to be less important as it is squaring a constant
voltage and so the voltage output is expected to be near constant. Modified scaling
factors were applied (Table 9-5), where an AD633 was specified for Auto-stop.

Table 9-5: Evaluation Table for Creep Control Auto-stop Multiplier

AD633 AD734 AD532 AD534
Price (1x) 1 2 4 3
Accuracy (0.2x) 4 1 3 2
Non-linearity (0.2x) | 2 1 4 3
Frequency (0.1x) 2 1 2 2
Score 2.4 2.5 5.6 4.2

9.3.3 Forward/Reverse Functionality

The initial circuit relied on the generators outputting a negative voltage in reverse and
a positive voltage in forwards. This arrangement increased complexity of the
subsequent control circuit and thus it was desirable for the output to be positive
regardless of direction. Grounding the generators at 12V rather than 0V was
considered, such that 0-12V would be reverse and 12-24V would be forward but this
would still result in complexities in the control circuit. It was thought that a DPDT relay

could be used to switch between forward and reverse, as shown in Figure 9-9. The
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generators are to be wired such that the output is always negative, thus when passing

through an inverting op-amp the voltage output from the circuit is to be positive.

Gl

Figure 9-9: Forward and reverse functionality circuit

9.3.4 Fault Provision

+12V

(PS-A)

RLAZ

24\ (PS-X)

OF21
ADB2D

=24\ (PS-¥)

C1 (Output)
R43
S5kQ
1
| S |
R44 =24V
1k
Op22
ADB20

C2 (Outpuf)

Figure 9-10: Fault provision and additional output modifications

Cl (Outpuf)
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The creep control and cruise control systems both rely on the output of the speed
rollers and so in the event of either speed roller failing, the control system would be
susceptible to malfunction. The true ground speed monitoring circuit was therefore
modified to include two sets of switches which would allow one or both speed rollers
to be bypassed in the event of a malfunction, as displayed by Figure 9-10. In the event
of both rollers failing, a switch was added to the control circuit to allow the motor speed
signal from the Sevcons to be used as an alternative. See Section 9.2.5 for details.
The circuit was then modified to include a second output, C2. This output is to allow
for a bespoke scaling factor to feed the capacitor in the Auto-stop challenge, to account
for time taken to charge as discussed in Section 9.3.4.

9.3.5 Brake Blending
The EBV specified was supposed to be controlled using 0-5V DC input. However, the
incorrect model was previously ordered and due to the cost (£495.53) it was prohibitive

to order the correct model. The model ordered is controlled using 4-20mA current loop.

From the datasheet, the input impedance was found to be 250Q. Thus, substituting
|=4mA & 1=20mA into Ohms Law, it was found that the voltage was of the range 1V
to 5V. Thus, voltage can be used to control the EBV, albeit in the range of 1 to 5V rather
than 0 to 5V, where 1V is no brake demand and 5V is a full brake demand. Figure 9-11

shows the circuitry designed to control the EBV.

4

Figure 9-11: EBV control circuit
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e A:Input of -5V to 5V from the power brake handle and cruise control system
demand. The signal is inverted such that 5V is equivalent to full deceleration
demand and -5V to full acceleration. The inversion allows the signal to be
passed through the diode, effectively removing the negative control voltage
thus only the deceleration demand voltage is considered.

e B: The average motor speed from the Sevcons is differentiated. The inverting
input is used thus deceleration results in a positive output. Diode removes the
acceleration (negative voltage) demand.

e C: The difference between the required deceleration and motor deceleration is
output in the form of 5V to OV, where 5V is equivalent to full brake demand.

e D: The deceleration difference is added to the deceleration demand from the
brake handle and is scaled to 0 to 4V. The adding op-amp inverts the signal
thus the output is negative.

e E:5vinputis used to generate a -1V output.

e F:The-1Vis added to the -4 to OV brake demand signal to shift it. The inverting

input is used thus the output is 1 to 5V, where 5V is full brake.

9.3.6 WSP Issue

Control Signal: 0-10V
WSP Qutput; HIGH/LOW © + l

Pin 22 Sevcon: 0-10W OR 5V

l

Figure 9-12: WSP output to Sevcon modification

The existing WSP system was successfully tested. However, the previous control
circuit did not account for the fact that in the event of WSP activation, the voltage signal
to Pin 22 of the Sevcons cannot be set to OV as that is equivalent to full deceleration

and thus needs to be set to 5V. Therefore, a DPDT relay was integrated into the control
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circuit as shown in Figure 9-12, whereby the control signal passes through the first set
of contacts such that if the WSP is activated, the motor controllers are setto 5V instead
of OV.

Ve = 12V
9.3.7 Frequency to Voltage Conversion
The Sevcon motor controllers are capable of -
b

outputting a frequency which is equivalent to the

motor speed. The creep and cruise control = :

systems require this measurement in the form of | Y49 = i

speed observed by the speed rollers. Therefore, a - > ; -
L™ %ﬂ 02, F

method of frequency to voltage conversion was
— ik 10

—7 — —
= = - —

voltage to allow comparison with the true ground

required. The work of previous team members led
to the recommendation on an LM2907 IC. Two of

these chips were purchased at a cost of £2.71/unit

+Wgyy = BB HeW

10k

Figure 9-13: LM2907 frequency to

to allow testing to determine suitability. The ) .
voltage conversion circuit (9).

configuration in Figure 9-13 (9) was replicated for

this testing. The frequency input at pin 1 was simulated using a function generator,

outputting a sine wave of between 1 to 200Hz. As expected, the output at pins 4 and

7 was found to vary with input frequency.

9.3.8 LM2907 Output Smoothing
The output was found to not be entirely smooth, see Figure 9-14 (yellow sine wave is
the input and the blue wave is the output). For the same input, it was found that the
addition of a 25V at the output pin improved the smoothness and reduced Vpp (peak
80mV (Figure 9-15).

- G INSTEK

to peak voltage) from 180mV to

=

5 186, 174Hz

Figure 9-14: LM2907 output without Figure 9-15: LM2907 output with

polarised capacitor polarised capacitor
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9.3.9 LM2907 Linearity Testing

The use of a function generator was used to input sine waves of various frequencies
while the output voltage was observed on an oscilloscope to calculate the linearity of
the output. Output voltage was recorded for a range of frequencies from 0-180Hz at
10Hz intervals and was then plotted against input frequency. Linear regression r?
analysis was undertaken on the data to quantify the linearity of the conversion. The r?
value was found to be 99.9939%, indicating that the conversion is almost entirely
linear, validating the decision to specify the use of an LM2907 for the frequency to

voltage conversion.

Frequency vs Output Voltage (20 - 180Hz)

7.14
6.77

Output Voltage (V)
o

20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
Frequency (Hz)

Figure 9-16: LM2907 frequency vs output voltage graph
9.3.10 Capacitance Values at LM2907 Pin 2

Pin 2 of LM2907
It was discovered during testing that adjusting Close Switch for

) ) Railway Challenge
capacitance values at Pin 2 scales the i oo

frequency range with respect to a set output =3 17 nE

=Lt =L
47 nF 22 nF o
voltage range. This allowed the capacitance | |

value to be optimised such that the maximum

output voltage is equivalent to the frequency of  Figure 9-17: LM2907 Pin 2 capacitance
the motors which equates to the maximum speed  adjustor

of the Loco. Maximising the voltage output range improves the accuracy of motor
speed monitoring. The capacitance was optimised for the Railway Challenge
maximum speed of 15km/h, which resulted in three capacitors with a value of 47nF,

22nF and 4.7nF respectively. This however presented a problem in that any
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frequencies above 155Hz would output a voltage of 7.37V regardless. The
specification for exhibition park is for running at 15mph and so any speeds in the range
of 9.32mph to 15mph would be indiscriminate to the control circuit. Therefore, a single
pole switch was incorporated to allow the removal of the 4.7nF capacitor, reducing the
capacitance to 69nF, which is optimised such that the frequency equivalent to 15mph

is equal to the highest possible voltage output.

9.4 Auto-stop Functionality (AH)

9.4.1 Voltage ‘Storage’ Functionality
The Auto-stop circuit inherited was designed by Alex Hooper in the previous academic
year. The circuit was deemed to be mostly functional, with the main issue being the

lack of proven method to ‘store’ a voltage and so this was the initial focus of research.

The Auto-stop circuitry uses the Equation 9-2 to determine the deceleration rate
required to stop the loco 25m from strike in. Equation 9-2 requires the initial speed, u,
to determine the required deceleration rate. The initial speed is a constant, it is the
speed of the Loco at strike in, it cannot simply be implied from the voltage from the
generators as this will vary with time and decrease as the Loco decelerates causing
the wrong deceleration rate to be calculated. The voltage equivalent to initial speed at

strike-in therefore needs to be ‘stored’ as a constant reference value.

2

9-2)

9.4.2 Voltage ‘Storage’ Functionality: Latching Relay Concept

The initial concept used relay logic to ‘store’ a voltage (Figure 9-18). The relays were
to be latching relays, fed from comparators (with pull-up resistors required to energise
coil). The threshold voltage of the comparators would be set by a potentiometer such
that they increase in small intervals of voltage. As the loco accelerates, the voltage
from the generators would begin to exceed each of the threshold voltages, until it
achieves its maximum speed. The latching relay energised by the highest threshold
voltage would therefore correspond to the initial speed for the Auto-stop challenge.
This system assumes that the Loco is at its maximum speed at strike-in and not before.
This system is limited by tolerances as to how accurately the voltage can be stored.
The interval between threshold voltages can be reduced to improve resolution,

however this requires significantly more latching relays, increasing cost and size of the
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circuit. The voltage drops (~0.7V) across the diode would need to be accounted for

using an adding op-amp configuration.

+12v
+12V
10kQ M-Gate MOSFET

+12V
10kQ 12V Latchin
L1393 — |
— Comparator
: - |% 2

1 =, I

+12V
+12V
10kQ N-Gate MOSFET
sz 10kQ 12V Latet
0kQ 2\ Latc hin
L1393 — |
— Comparator
j - . |r_‘—t| 2

- N
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- +12V
+12v

10kQ M-Gate MOSFET
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L1393 — |
— i Comparator |
{ | :? S )

|||-0—1

Figure 9-18: Latching relay voltage storage concept

9.4.3 Polarised Capacitor Concept

The concept of storing charge in a polarised capacitor was explored, where stored
charge maintains a voltage across the capacitor. To minimise rate of voltage change,
assuming constant current, Equation # dictates that, capacitance should be maximised

as it is the denominator and so voltage change tends to zero as C>>i.

c dv av. i 9—3)
= _— _—— J—
dt dt C

[
Equation 9-3 was used to calculate the length of time the capacitor is required to hold

its charge, and therefore, how long the voltage across it remains constant.

po 22X i99~12 d
TUtv 0+417 77T eseconds




Railway Challenge MEC8099: Team 11 Project Report Page 131

Therefore, the aim was to minimise voltage +12V —
change for a period of 12 seconds. This theory N ‘I;'Tll:l:gls Follower
was verified on Multisim, however testing © + >_‘._o
discovered that in practice, the capacitor drained 22 mE —_ L~

. ]
its charge much faster. An LM741 was placed in 1

succession to the capacitor to act as a voltage 1
follower. The voltage follower has high _ = o

' Figure 9-19: Voltage follower modification
impedance and so was expected to reduce the

charge drain of the capacitor. An oscilloscope was used to monitor the voltage over

12 seconds, it was found the total voltage drop to be 0.01V. Larger capacitors could

have been specified however they take longer to charge and so if the loco doesn’t run

for long enough before the challenge then the stored voltage will not represent that at

strike in.

9.4.4 Retroreflective Sensor Selection
Table 9-6: Retroreflective Sensors Considered Key Comparison

RS-Pro Carlo Gavazzi
Price (inc. VAT) £38.56 £50.86
Detection Range 3m 5m
Adjustable? NO YES
Operating Temperature | -15°C to 55°C -25°C to 60°C
Response Time <8.2ms <0.5ms
Protection None IP67

The work undertaken by Alex Hooper in the previous academic year determined the
optimal method of triggering the Auto-stop system was to use a retroreflective sensor
however, no specific sensor was recommended and so the requirements needed to
be established. The required output was to be PNP (Positive-Negative-Positive) and
light-off; the sensor outputs high when the reflector is detected. Multiple suppliers were
consulted, and the selection of sensors was whittled down to two. These two were
compared in Table 9-6, but the Carlo Gavazzi sensor was selected. The response time
was considered important as slower response times would result in the sensor being
more prone to missing the reflector. The IP67 rating improved the value of the Carlo

Gavazzi sensor as it reduces the need to waterproof the lens. The sensor is to be
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mounted to the left side of the body using an aluminium L-bracket purchased from

Metal Supermarkets.

9.4.5 Auto-stop Holding Circuit

The retroreflective sensor only maintains a high output for the duration it detects a
reflective surface, which in the case of the Auto-stop detection, will be less than one
second, as the loco passes the beacon. The polarised capacitor requires charging
before the system is triggered so that once the loco reaches the strike in speed, the
capacitor is sufficiently charged such that the input voltage equivalent to loco speed is
equivalent to voltage across the capacitor. Therefore, a system to stop the capacitor
from receiving the loco speed signal needed to be devised. The circuitry in Figure 9-

20 was created:

A +12V
PD30CNP50AMSPS -
A l I : c
B Loco Speed © oo
Y -

w

lkﬂﬁ K
1

Figure 9-20: Auto-stop Holding Circuitry —

e A: The double throw switch is closed, priming the Auto-stop system by
providing power to the retroreflective sensor and completing the circuit by
allowing the voltage equivalent to loco speed to feed into the capacitor to begin
storing charge.

e B: Upon detection of a reflector, the sensor switches from contact 2 to 4,
passing current through the holding circuit and energising the relay coil.

e C: The energised relay coil switches the first set of contacts to normally open,
completing the section of circuit which connects the 12V rail to the relay coil
such that the relay coil remains energised once the retroreflective sensor

returns to its deactivated state.
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D: The second set of contacts is thrown to normally open such that the capacitor
no longer receives a signal from the speed monitoring generators, thus the
capacitor ‘stores’ the charge, equivalent to voltage at the point the relay is
thrown, which will be equivalent to the speed at strike in.

E: Once the challenge is complete, the push-to-brake button can be broken to
break the connection between the power supply and relay coil, returning the
relay to its deenergised state.

9.5 Electrical Enclosures, Wiring Management and Organisation (AH)

9.5.1 Low Voltage Circuit & Component Labelling System (AH)

Each low voltage circuit was

Table 9-7: Circuit Codes & Locations

assigned a code, as listed in Table Circuit Name Code TLocation
9-7. It was decided to situate all | Low Voltage Power Circuit - Front | P1 Front
DC-DC isolated converters on one | Low Voltage Power Circuit - Rear | P2 Rear
singular circuit in each half of the Fire and Heat Detection - Front A Front
Fire and Heat Detection - Rear B Rear
loco, these were named the power [ Trye Speed Monitoring C Rear
supply circuits PS1 & PS2. A | Auto-stop D Front
Control E Rear

coding system was devised to label

each individual component. Referring to Figure 9-21:

e Power supply code (red) indicates the op- N-YX-5

amp is supplied from power supply two

(PS2) output A,

e Component code (blue) text states this is
an op-amp (OP — Full list of codes available

in Appendix D-15), situated on circuit X with

unique number 1.

e Component description (purple) text

provides additional information, in this

example it informs the reader specific component model, AD820.

¢ Wire number (yellow) informs the wire is from circuit Y to circuit X and has

unique number 5.

X-0P1
ADBZ20

N\
>

Figure 9-21: Labelling Example

The output current for from each DC-DC converter was checked and each component

requiring a power supply from a converter was assigned a converter to be fed from,
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denoted as PS#-X, and had its maximum output current summed to the other
components fed from that converter to ensure the maximum load would not be
exceeded. All component labels, values, current draw were tracked on a spreadsheet,

an example extract of which can be found in Appendix D-14.

10.Control Box (AP)

Responsible team member received a submission extension, to be followed shortly.

This will be a description of how the design of the control box has progressed from

the previously inherited design.

11.High Voltage Electrical Circuits (JO)
11.1 Traction Systems (JO)

The system is simplistic in nature, for both front and rear, power is taken from the

batteries and used to power the Sevcon motor controllers, which in turn power the

motors providing tractive effort.

Additional components exist for both front and rear ends of the locomotive. In the
front, the air compressor and horn are powered by a power inverter turning DC into
AC.

In the rear and additional 9" battery used for low voltage power supply is charged
using a DC-DC convertor. Safety features exist to shut off the locomotive in the

event of unforeseen failure both on the control desk and on the locomotive itself.

The traction system has seen minimal change, largely retaining components from
previous years. The MOSFET switches and supper capacitors that originally were
part of the circuit were removed due to their additional expense and needlessness.
The Sevcons and lead acid batteries can handle volts going in. The MOSFET
measuring of the regenerative charge has been replaced with a cheaper energy

counting circuit.

Minor changes involved the inclusion of battery isolation switches and motor
controller cut out switches. Unfamiliar with the model of either, a large space was
claimed on the body model to represent a possible BIS, with the recommendation
that the MCOS be bolted onto the Sevcon heat sink.
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The wire thickness was calculated by determining the fuse rating for each circuit, which
in turn was calculated from the absolute maximum theoretical power the batteries
could provide. The wire thickness needed was 35mm?, rated nominally to 240A,

though for bend radii a smaller wire diameter of 30mm? was deemed sufficient.

To assist with the maintenance challenge for fast removal of the batteries, fast release
terminals were investigated. The primary problem was electrically isolating each
individual battery, to accomplish this individual quick release connectors for electrical
vehicles were investigated. Surlock compression lugs, the same brand suggested by

previous years, were optimal.

The selection of the terminal end was critical due to

the limited space within the locomotive body. The i
use of both threaded and bus bar terminals was
discussed, including whether to use a straight or - =

angled plug. The final decision was ultimately to use 5‘_-:

Halfords stud wingnut terminals as a permanent -

T ER R R FIR o

security of the connection with reduced space Figure 11-1: Proposed bus bar
terminal attachment

fixture on the battery terminals which a bus bar

terminal could be fastened to. This combined the

and fast release.

11.2 Regenerative Breaking Challenge (JO, HW)

One of the challenges is regenerative braking, where the locomotive must run purely

on recovered energy after braking a specified distance. The critical aspect here is
providing proof of use of only the recovered energy. The solution was to count the
recovered energy in and out of the system and use a relay that would cut the torque
input command on the Sevcon. Regarding storing the recovered energy, the lead acid
batteries and Sevcons themselves can handle what is deemed to be a sufficient value

of current returning from the motors.

Any energy counter that would be bought would have to meet the specifications laid
out. It would need to be electrically isolated, therefore would need a hall probe sensor,

have a relay output, a sensitive input, and variable settings.
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Originally, the search began by looking at solar power energy counters. These had a
similar function to what was desired, they could measure bidirectional current and
present these values on screen, with some models including variable settings.
However, these models were very limited in their application, they often weren’t
electrically isolated, using a shunt as opposed to a hall probe, and few had a relay

output. None could measure within the required current range.

A deeper investigation was looking at DC energy meters. Two models reviewed
heavily were the Elmeasure EDC 4100D and the AcuDC 240. Below is a comparison

of each model:
Table 11-1 Comparison of EDC 4100D and AcuDC 240

Properties Elmeasure  EDC | AcuDC 240
4100D

DC Hall probe Yes Yes

Number of input|4 7

channels

Input voltage range | 10-800V DC 20-160V DC

Variable settings Yes Yes

Programmable Yes Yes

output relay

Relay tripping time | 180sec N/A

Set time N/A 10ms

Switching voltage | N/A 30V DC

Power N/A 3w

consumption

Wiring diagrams No Yes

Although

information. Quotes were attempted for both devices, but responses were vague and

both met the criteria, the AcuDC 240 was superior due to the available

untimely.

After realising the complexity of the required device and the lack of devices which met
the criteria, a possible circuit of original design was presented. The circuit measures
values of current and voltage into and out of the Sevcons, multiplying them and
summing from each half of the locomotive, inverting the signal, and integrating to

present power on a meter and storing the energy in a capacitor.
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Once the maximum amount of energy has been recovered from braking, the capacitor
releases the stored energy until all of it has been used to provide tractive effort, at

which point a comparator triggers a relay which cuts the torque.

To measure current and voltage, specialised components were needed. To measure
the current, a Hall probe sensor capable of measuring 300A DC was found. To
measure the voltage, an IC chip operational was needed. It was determined that
Integrated Amplifiers were the best solution, using a model, ACPL 782T, which could
provide a measured value of voltage while remaining electrically isolated from the main

circuit.

Tests were performed on the circuit to determine whether the original design was
sufficient. The circuit was broken down in various stages and once each stage was
correctly assembled, the next stage was attached. Potentiometers were used to
simulate both voltage and current inputs. Due to complications with the summing op

amp, the invertor was several stages later than expected.

Testing provided many obstacles, many of which were resolved when the op amps
were provided the correct supply voltage. The most complex stage was the multiplier

which was resolved once the provided with its recommended supply of £15V.

It was noted that minor deviance from the expected value occurred at lower levels due
to the oscilloscope, but the accuracy of the multiplier and other operational amplifiers
decreased at higher voltage values. To resolve this, it was recommended that signals
to op amps would need to be scaled down to reduce inaccuracy.
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11.3 Battery Management, Containment, and Maintenance

11.3.1 Battery box (JO)
The battery box consists of a sheet of Tufnol material upon which acrylic side rails and

an eccentric cam shaft clamp reside, situated underneath a sheet of acrylic.

Figure 11-2: CAD Models of current battery box assembly.
For the IMechE competition, 2 challenges are related to the batteries: regenerative
braking and maintenance challenge. Here the maintenance challenge takes
precedence in design. The challenge requires the “discharge” and “refuelling” of the
locomotive in under 120 seconds. Here the terms discharge will refer to battery

removal and refuelling will refer to battery replacement.
The criteria for the battery box were categorised to essential and desirable features:
Essential

= Physically retain 4 batteries during travel.

= Electrically connect batteries to the high-power systems.
= Prevent battery leakage.

= Withstand 10g of acceleration in transverse direction.

= Release 4 batteries whilst stationary.
Desirable

= Electrically disconnect and reconnect all 4 batteries in under 30 seconds.
= Unilateral clamp release and application.

= Allow removal and replacement of 4 batteries in under 30 seconds.
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Figure 11-3: CAD Models of previous battery box assembly.
Previous designs by James Owen were like the final model as further changes
unnecessarily complicated design. But the designs had many shortcomings. One
glaring issue with the previous designs is the chained platform intended for use in
battery removal. Another issue was the physical retention of the batteries themselves:

4 toggle clamps at either end of the box with a release bar.

The first battery box changes attempted to include

speed of removal with security during travel. One idea

was a spring assisted battery ejection device which

after consideration and basic calculations on spring
stiffness, was determined hazardous. After .
investigating, an idea inspired by battery

maintenance on trains in Indonesia was considered.

This was a simple box attached to a drawer slide

mechanism that could retain the load of the batteries. ;1 ii ] Y

The limitations of this design were the need for strong 1Fi§urje71!1—4j' Srket’ch‘of draw |

drawer slides and a redesign of the box and retention trolley idea.
completely.

The box was design to fit within the confines of the battery cover, including a flapped
front to allow removal without lifting, but the fixing points for the drawer slide were
poorly conceived. Other ideas were to put the battery on rails, but this created

clamping problems.

The designs migrated back towards the designs of previous years, a cover for the
battery box and a single piece of plastic on which the batteries rested and were
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clamped. One of the key differences is that the folding door mechanism for battery
removal was replaced by a simple plastic sheet stored in the roof of the locomotive,
propped up with pegs strong enough to take the load of all 4 batteries. The dividing
bar that assisted in clamping the batteries in the middle was removed and the batteries
were moved closer together meaning they could be removed theoretically from one
side, though would need to be manually released from both.

Material selection was critical for this design. While the cover and side clamps
remained as acrylic, the cover being clear to see inside the battery case, the floor
needed to be a stronger more leak resistant material. A selection of laminated fabrics
produced by Tufnol were presented with, Crow Brand Tufnol being the most suitable,

but Carp being selected for ease of purchase.

Figure 11-5: CAD Models of unrestrained battery removal box assembly.

A common theme between all previous designs is the type of clamping. All
previously modelled designs required N

manual release from both ends using

multiple toggle clamps, thus increasing the
switch out time for the batteries. A single

lever release mechanism was devised for

unilateral clamping action using linkages.

The design shared similarities with the

toggle clamps already in use, though this ~ Figure 11-6: Sket_gh of unilateral clamp
idea.
would most likely be prone to shock

loading from background noise, it was also overly complex.
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An improved idea was presented, using the
forces of an eccentric cam on a shaft to lock
the batteries in place with a single bar. This
design achieved all previously desired

criteria whilst remaining the mechanically

simpler solution.

. _ Figure 11-7: CAD Model of unilateral
Calculations were needed to determine the cam-based clamp.

cam and shaft size, as well as whether the intended acrylic clamps and side railings

could constrain the batteries under load.

Upon determining dimensions, the CAD
model was updated appropriately.
During the total locomotive CAD
assembly, it was realised that the

design of the clamp in its current form

was insufficient, as the central flanged
late for the cam to rest on prevented : : .

P P Figure 11-8: CAD Model illustrating issue

unilateral battery removal. with battery removal.

One solution was to reverse the plate and

have it rest from the roof of the cover.

This idea allowed the batteries to be
removed from one side, however due to

the extreme length which would cause

— excessive forces, as well as interfering
Figure 11-9: CAD Model illustrating roof with wire routes for the traction system,
hung plate. this idea was discarded.

A simpler and better solution was a simple non-flanged plate of with 4 through holes
that would match additional through holes on the clamping foot. This would allow the

fastening of 4 bolts that avoided the path of the batteries.
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Figure 11-10: CAD Model illustrating current bolt and nut plate.

This design inadvertently resolved an additional problem. Due to the relatively obscure
nature of the clamp, there were concerns that the clamp would be installed either too
high or too low and this would depend on the length of the flanges of the plate.
Removing the flanges and relying on nuts and bolts gives the plate an adjustable
nature, allowing the installation of the clamp at the correct height without dependence

on precise measurements.

There was  another  design | . e

suggestion that was too late to ""B""‘B 77777 |_____Ms.vu,g K 1

implement but simplified the clamp 7—5——---——-1——--------- - =

into a single bar bent at 3 points with . | i ., | R T ..

clamping feet and the same roof — *—— =" T —

plate in previous models. This would _-_-_fw__;f;‘_,;, S R |
reduce costs and manufacturing | _ _

) ) o Figure 11-11: Sketch of single bar with 2 feet
time drastically if implemented clamp.

correctly, though would have to bent most likely out of house and was an incredibly

late proposal.

The manufacturing plan for the battery box is simplistic, as most components need
little machining. Both Tufnol plates require drilling, as do the holes on the flange of the
cover, everything else requires lining up and fastening with nut and bolt. All
components of the box are designed for ease of manufacture. After learning from the
assembly of the trolley, several holes were enlarged or slotted, and some were

removed to assist in assembly.
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11.3.2 Battery trolley (JO)

Initial ideas were that trolleys with enough space and the correct height could be
bought in. This required knowledge of the dimensions of the body in relation to the
height off the track and the station floor. Using dimensions from the dynamic loading
gauge it was assumed the distance of the station floor from the tops of the rail was
90mm, putting the distance of the station floor 10mm from the centres of the wheels.

B

* 90mm

T I

e

I u|

H * RAIL HEAD DATUM
i 10mm

660mm

Figure 11-12: Lower portion of IMechE dynamic loading gauge.

Knowing this height allowed for a selection of trolleys in a range of heights that the
batteries could be realistically loaded on. The primary problem with this solution was

the lack of control over station floor to trolley height.

Another idea was that the lower body and bogie frame acted as a fixed trolley on which
the batteries rested, and any change of batteries would involve jacking the top half of
the body and moving a new undercarriage fixed with new batteries underneath while
on tracks. This design was incredibly unfeasible as it would require large scale
production of bogies, bodies and every component that would reside within them that

was not rigidly attached to the upper portion of the locomotive.

The agreed upon design was a

rotating platform trolley using a

simple hand crank, a design

loosely inspired by Japanese
tower parking for cars. Upon

more in depth thought it was

realised that to rotate the

platforms, they required

stabilisation to prevent tipping,

Figure 11-13: Sketch of rotating trolley idea.
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but these stabilising bars could not intrude with the rotation of the mechanism.

Dimensions were calculated for each aspect of the .1 . " = a2

trolley, including the diameter of rotation and base -

width of the physical trolley. After resolving these :

dimensions, calculations were performed to determine

the loads experienced at trolley extremities and the - -

bearings during the worst load case scenario. |

Following this the optimum pulley layout was |

determined.

%I::: e

Further work done included the material choice for Figure 11-14: Drawings
associated with calculations.

the trolley base, which was to be hollow steel box
section that could be bought from metal supermarket, mild steel sheet of 2 mm
thickness. Following design phase all files were passed on to Cyril for Caster selection

and creation of CAD files.

12. Team Management & Organisation (AH, CC, JJ)

12.1 Day-to-day Management & Collaboration (AH)

The project was undertaken throughout the 2021/22 Academic year, beginning
September 2021, and finishing May 2022, although with the Railway Challenge being
at the end of June 2022, it is expected that team members will continue to work on the
project after submission, in preparation for the challenge weekend. The year was
broken into two semesters, with each semester consisting of three teaching blocks.
Two of the three blocks in Semester 1 were allocated to project work, with no
scheduled lectures, allowing the team to designate all their attention to the project,
with the third block leaving the team to balance their time between lectures and project
work. During the two blocks with no lectures scheduled, the team met bi-weekly,
usually Monday and Thursday mornings. The Monday meeting was dropped during
the blocks with lectures scheduled to allow the team to manage their time more
effectively. The meetings were initially hosted in Mr Davidsons office but later moved
to the Loco room, 2" floor Stephenson Building. The meetings were led by the team
leader, Alex Hooper, with minutes usually taken by team secretary, Cyril Cheung. The

structure of the meetings was as follows:
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1. Important information cascaded by team leader to other team members, for
example important information about deadlines, change in procedure or
significant design changes.

2. Everyone taking turns to share their work since the last meeting and talk about

their planed work before the next meeting.

Technical support from Rob Davidson, for anyone that required it.

4. Optional: Team members remain behind after Mr Davidson leaves to discuss
matters which can be resolved without him such as preparation for reports.

w

Meeting attendance was recorded separately by the team leader and team secretary
to allow for comprehensive monitoring. Team members regularly arranged ‘splinter’
meetings with each other to discuss specific areas of the loco which didn’t require input
from unrelated team members. For example, the electronics team members regularly
met separately, as did the bogie team members. These splinter meetings were
recorded in logbooks with any significant developments shared in the main team
meetings. General communication and brief questions were asked via Facebook
Messenger group which all team members were part of, with more formal

communication through the University email system.

12.2 Sponsorship (AH)

It was clear at the beginning of the project that the team would require significant

sponsorship, with £30,000 being the initial estimated build cost. Previous team
members had secured sponsorship from Reece group in the form of £2500, which
assisted in the purchase of the motors and Sevcons. Lightness successfully applied
for an award from the IMechE, securing the team £1500. The team inherited a
spreadsheet of companies and organisations contacted in previous years to discuss
sponsorship with this was reset and modified to a spreadsheet. Every team member
was allocated companies they were to be responsible for contacting to ask for
organisation. The spreadsheet included columns to allow the progress of this to be
tracked so that organisations were not contacted twice, which would look
unprofessional but also to ensure all team members were actively engaging in the

search for sponsorship.

Alex Hooper, James O’Brien, and Halley Woods designed and created a sponsorship
brochure, loosely based on a longer brochure inherited from the previous team. This
two-page document can be found in the Appendix E. The first page included a CAD

render of the loco at the time, with the key and unique features highlighted and briefly
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explained, to ‘sell’ the loco to potential sponsors and to set it apart from competitors.
The second page included an image of the team to put faces to names and a tiered
sponsorship list, specifying levels of financial support expected to achieve each tier of

sponsorship.

It quickly became clear that persuading companies to sponsor a team with no physical
loco to show off very difficult, and so the team leader decided to change the approach
and work to build a social media presence, where CAD renders and could be
uploaded, allowing the manufacturing of the loco to be documented to show
companies that the team are serious about building the loco. Contact was made to the
existing social media channels in the hope that previous team members would reach
out and share the log in details, to allow the team to build on the existing profiles
started three years prior, benefiting from their followers. Courtney McQuillan kindly
shared the details and recommended software to organise the posts. The team leader
decided to create a new role withing the team, social media manager, as it was
expected that managing the social media would take a significant amount of time and
effort. David Stewart kindly stepped forwards and volunteered to take up this role,
becoming responsible for regular updates on the loco in the form of images and videos

across Twitter, Facebook, Instagram and Tiktok.

Sponsorship has been successfully achieved from Britishvolt for the 2022/23 team.
Britishvolt are kindly offering the team lithium-ion batteries, this is expected to be a

significant improvement from the current lead acid batteries used for tractive power.

12.3 Finance Management (AH)

Lightness Kings was the designated treasurer for the team. Lightness set up an excel
document to allow the team to track committed expenditure, requested expenditure
and transactions. During the first semester when purchasing volume was low, all
orders were sent off via the team leader. The volume of orders began to increase after
the design freeze and so the treasurer took over managing all orders to Acorn laser,
of which there were a lot, as it required a significant time commitment. Many
components were ordered from RS and so an Excel spreadsheet was created to allow
team members to add their required components, allowing orders to be sent off in

large batches, making it easier to track orders and reduce workload on the school
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office. Any specialist suppliers were contacted via the team member requiring the
component, with the authorisation of the team leader.

12.4 CAD Management (JJ)

Full assembly

Jonas and Alex P

|

Bogie team .
Body team Support designs

Jonas — guru, bogie frame, brakes, . ,
_ Cyril — trolley, jack system
Halley — guru, body assembly traction centre, belt drive

. Alex H — VSSS
James — battery box, cabling Lightness — secondary springs, anti-roll

bar

David — drive system,

calculations/validation, couplings

Alex P — steering links, axle box

Figure 12-1: Flow chart of CAD assembly aid distribution.
Most of the design work was done before the design freeze on the 17" of December.

Time before December was used for engineers to work on their individual designs on
their own time using the previous year’s locomotive design. In December the designs
were merged into the final design which was scrutineered twice before the design
freeze. Initially, there was one main CAD guru and deputy CAD guru that were
responsible for full CAD assembly. However, it proved difficult to assemble a full
locomotive for one engineer as it requires great knowledge about individual designs
and time. Therefore, a new structure has been introduced. Halley was assigned as a
body CAD guru because he had knowledge about body assembly and was a proficient
Inventor user. Similarly, Jonas was assigned for bogie. Communication between these
teams was important to ensure a smooth connection between body and bogie. The
work on the separate assemblies was done simultaneously until the set deadline
before scrutineering to allow time for the design merge. When the full assembly was
worked on design changes to assemblies were not allowed. Working in three sub-

teams has saved time, improved the quality of the assembly and made it easier.
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Files

The files have been divided based on the team and subfolders have been created
based on the individual designs. Some extra assemblies have been created to limit
the effect of changes on the final design.

Figure 12-2: Files naming illustration.
Lessons and comments

e |Initially, the copies of the design have been = .l . foi e S o o o o
made using the copy function to keep the old 7 (] &= =l ™ g‘f EE pﬁ?
versions of the design in case there is a need - e e e
to go back on the design to see the alterations and . " *‘D;m G’ o .
the design would be uploaded to the cloud for all SN e
engineers to access. However, using this Inventor 5= E‘ e e
function caused problems with the file paths, made 7= ' won. .
the file large and created long, unclear names. H= "B EEERRE
Solution — make modifications to the same Ei=* ° By SEAT e
assembly/ design and at the end of the change use [ - :
pack and go function to gather all the active files into = =0 * [ & Fisimms

a workspace folder. Then the files from the Figure 12-3: Inventor
workspace folder should be uploaded to the dated Pack & Go exportations.
folder on the cloud. There should be a system (i.e. excel sheet) to indicate
changes and who made them. Engineers should have access to download the
files from the cloud. An attempt has been made to create guidance for future
years in a file called “CAD file system solution”.

Important: no changes are overwritten on the existing files. A new folder shall

be created. At the beginning of the project, there should be an attempt to ensure
that the team uses the same design data and templates. Only the files from the
pack and go workspace folder should be uploaded and not the full pack and go
because uploading the full pack and go folder causes long file paths which
result in errors when opening files.

It is recommended to have a mock-up attempt because the filing problems
meant that the design had to be renamed and reassembled after the design
freeze which was around 20 hours of additional work.

e Some of the individual designs were created and only tested in the assembly
at the final stage to find there was something wrong. It is understandable as not
every engineer was working with the latest design due to design changes
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happening simultaneously. A suggestion would be to have design deadlines
based on design importance and influence on other designs. Also, it would be
beneficial for the teams to introduce a rule that only one person can work on
the design at a time. Combined with the file system that would ensure that
everyone is working with the latest design.

Although it seems obvious, it cannot be emphasized enough. The greater the
detail of the design the easier assembly and a manufacturing process will be.
Designs should really consider manufacturing and it is suggested that every
step of the assembly is understood, and manufacturing plan is prepared before
freezing the design.

To get the full design ready and fixing scrutineering comments estimate to
spend at least 80 hours or two weeks. Anticipate last minute changes that
require big changes to the full design. It is beneficial to have well-structured and
multiple sub-assemblies to limit the effect of changes from one assembly to
another.

12.5 Health & Safety, Workshop Folder and Logbook (CC)

12.5.1 Health & Safety Forms
To ensure the team works in the workshop with the best knowledge of physical tasks

carried out and the safety hazards alongside, Mr Davidson had constructed a

comprehensive handout of Health & Safety information with forms to be signed off.

The whole team were required to read through and to be questioned understanding of

such. Those with full understanding of each form are to be signed off and could

oversee safety of any given day; whereas those with slight confusion on details would

have forms signed off but cannot be team members in charge.

The 4 main forms were:

1. Visiting & Working in Workshop Area

2. Specific Machinery Operation & Procedures (e.g.: Linisher, jigsaw, rivet guns)
3.

4. Working with Exposed High Power Electrical Systems

Working on Running & Powered Vehicles

Each form had at least 4 team members approved to be in charge, to ensure the

construction process was not stopped by insufficient safety officers.

To ensure forms and approval information are kept with clarity, the secretary used a

binder to keep every signed-off form. This must be centrally located in the workshop,

and electronically copied on the OneDrive folder as a backup.
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12.5.2 Workshop Folder/ Binder

Aside from the Health & Safety forms, the workshop
folder also keeps track of all receipts from the team’s
purchase flow. Orders come through frequently and
keeping the receipts orderly ensures the team with full
knowledge of what has arrived and what has not. A vast

number of duplicate purchases were avoided with the

help of such tracking system. i :
Figure 12-4: Image of H&S
12.5.3 Workshop Logbook Forms in Binder.

Meetings with the team, individual discussions, and any assembly work carried out in
the workshop must be logged in. Not only does this keep track of how much time each
team member had spent on the project, but it also ensures if accidents occur, any

responsible person could be located. A typical log would include:

e Date, enter & exit time of activity.
e Team members present, and any guests they brought along with.
e Activity they were doing, and any safety hazards that they left before leaving.

(e.g.: body is only loosely attached therefore need to handle with care)

e Team member in charge of safety of the day.

12.6 Manufacturing management (JJ)

Three things have been introduced to aid the team during manufacturing

1. Detailed manufacturing plan (Appendix J)
This plan included a Gantt chart with all the important deadlines, timeline, and

detailed assembly plan. Design engineers were responsible for the
manufacture of their individual designs with additional help available from
colleagues. The work for the bogie was divided into preassembly work and
assembling. As space and time are the limiting factors in the manufacturing
process it was important to prepare well for the assembling. Preassembly work
gave a good indication of the individual progress while allowing to control the
time when the workshop was occupied with bogie assembly. Although, not fully
executed but parts required for the beginning of the assembly were prioritized
over other parts. Laser cut parts have the biggest lead time of about two weeks.

Machining work takes about a week unless complicated machining is required.
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Welding was quick — a couple of days. However, it was very dependent on the
welder’s and welding space availability. The painting was a day worth of work.
The team was late with bogie assembly because important parts required for
the begging of the assembly were ordered and manufactured too late.
Suggested manufacturing order:

e Just after design freeze order parts to be laser cut

e Order all the necessary materials for machining

e Consult technicians and submit the machining work before the material
is received. Some changes might be required!

e From detailed manufacturing plan order all the required tooling,
fasteners, couplings, etc.

Note: after the design freeze all the listed work should be done within two
weeks. This should leave enough time for modifications, assembling and
problem solving. Success is dependent on how much detail is paid into each

manufacturing step.

2. Workshop layout
Optimal workshop layout has been created to maximise the use of the space

while keeping it safe and comfortable to work in. The bodies were worked on
at the same time while bogies were assembled one at a time. It was decided
this way because the body requires similar modifications. Therefore, working
simultaneously on two bodies was more time efficient. Bogie preparation was
much longer, and bogie occupies too much space to have two bogies worked
at the same time. Bogie nr.1 is the first one to be built while the other one is

kept out of the way
E s
o)
Bogie 1000 3
— nr. 1 c
o
w
c8 3
=} o 9))
® >
@
<
- gJ 1000 g 1000 8
3 <

Figure 12-5: Proposed workshop layout for manufacturing.
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3. Clock-in system
Later in the assembly process clock-in system has been introduced to better
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manage time and manufacturing. This form helped with accountability for the

work done, time spent and effectiveness of the time in the workshop. The

work timetable was visible to everyone at the workshop

HSTOON Name Work timetable
Date Clockin |Clock out |Total (h) |lobs done Date Clockin |[Clockout |Total (h) |lobs done

14/04/2022 05/05/2022

19/04/2022| 06,/05/2022

20/04,/2022, 09/05/2022

21/04/2022 10/05/2022

22/04/2022 11/05/2022

25/04/2022 12/05/2022

26/04/2022, 13/05/2022

27/04/2022, 16/05/2022

28/04/2022| 17/05/2022

29/04/2022 18/05/2022

02/05/2022 19/05/2022

03/05/2022| 20/05/2022

Figure 12-6: Clock-in sheet template.
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13.Conclusion & Recommendations for Future Work

13.1 Conclusion (CC)

Newcastle Railway 2021-2022 has made progress in the modelling and physical

journeys of HSToon forward. The main milestones achieved are:

e Trolley — Design of 4 wheelset trollies, manufacturing completed. It would be
able to carry the full locomotive, with ease of transporting and method to
constraint movement when necessary.

e Body Lift — Design of 4 tripod stands, parts ordered with comprehensive
guidance to assemble. It is a mobile device that is easy to assemble and the
whole system has a loading capacity of 1000kg.

e Bogie — Inheriting design from previous years, most parts had undergone new
iterations of design and are all manufacturable as of now. It would be
assembled for the year subject to the last resorts of certain components’
assembly. It would have rolling capabilities on tracks.

e Body — Undergone several major design modifications and validation. Materials
had all been ordered and mostly assembled. The following team would have
full guidance of design thoughts and comprehensive manufacturing stepped
approach to bring a sealed complete body to practice.

e Low Voltage Circuit — Undergone significant amount of testing, to validate and
improve existing circuit design. The following team would have guidance on full
circuit diagrams, mock-ups, and components specifications available. The
circuit is manufacturable on current basis.

e High Voltage Circuit — Circuits tested, and wire routes proposed on AutoCAD.
Circuit for regenerative braking tested for ease of future references.

e Dynamic Loading Gauge — With the current frozen design, lateral extensions
were validated to ensure the locomotive is in gauge. Vertical and lateral motions

were constrained by the Traction Centre & bump stops respectively.

The team’s priority was to facilitate HSToon’s capability to move as a locomotive.
However, to enable this, efforts to keep the team organised were established and
members had by large communicated with each other effectively and efficiently. The
team’s finance records are consistently updated, and sponsorship materials were

established to keep the locomotive monetizable, and genuinely interesting.
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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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e Purchase a second retro-reflective sensor and connect using an OR gate to
reduce the chance of a missed activation or design circuitry such that sensors

must be triggered in a specific pattern to reduce sensitivity.

13.2.4 High Voltage Circuitry (JO)
e Purchase primary components needed to complete both the traction circuits
and the energy counting circuits.
e Visit Voltsport for technical assistance in Sevcon motor controller calibration.
e Complete wiring looms for both traction circuits and assemble inside
locomotive.
e Test traction systems to operate driveshaft and high voltage set up with

batteries

13.2.5 Team Management & Structure (AH)

e Updates sponsorship brochure to include images of the loco so companies
have a chance to see that the team already has an existing loco and are in a
good place to enter the 2023 Railway Challenge.

e Contact as many companies as quickly as possible; it takes time getting through
to the right people who have the authority to offer sponsorship and releasing
funds can be slow.

e Remove pricing from tiers and find an alternative way to quantity sponsorship;
smaller companies were quickly scared away from sponsorship when they saw

the team were asking more than £1000.
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Appendix A: Trolley and Body Lift

Appendix A-1: Trolley CAD Drawings
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Appendix A-2: Body Lift CAD Drawings
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Appendix A-3: Body lift — fasteners strength justifications

DESIGN & MANUFACTURING 2 Newcastle
(MEC2007) University
F- FASTENERS SCHOOL OF ENGIMEERIMC

Mechanical Engineering

BOLT, NUT & WASHER DIMENSIONS
Size |Pitch | Core |Tensile Hexagon Head Socket Cap (Allan) Mut | Washer
(Thread Diam. |Stress Bolts & Screws Bolts & Screws
diam.} Area |Proof Load [Across | Head |Proof Load | Hex | Head | Head | Thick |Diam|Thick
for Grade | Flats |Height | for Grade |Socket | Diam. | Height | ness ness
88 129 Across
BOON/Mmm? S70M/mm-* | Flats
(mm) |{mm]) [{mm)}# [mm’]# (kM) (mm)* [ imm}* (kM) (mm) [{mm}* | (mm}* [{mm)* |[(mm}{{mm)*
M3 05 | 227 | 503 3.0 5.5 22 49 25 5.5 3 2.4 7 0.5
M4 0.y | 3.00 | B.78 5.2 7 3.0 8.5 3 7 4 3.2 9 0.8
M5 0.8 | 3.87 | 142 8.5 8 3.4 13.8 4 8.5 5 4 10 | 1.0
ME 1.0 | 460 | 201 12.0 10 4.2 19.5 5 10 G 5 125 1.6
M8 |[1.25 | 6.27 | 366 21.9 13 3.7 35.5 6 13 8 6.5 17 1.6
M10 | 1.5 | 794 | 580 34.8 17 7.2 56.3 8 16 10 8 21 2.0
M12 | 1.75 | 960 | 843 50.5 19 8.2 81.8 10 18 12 10 24 | 25
M16 | 2.0 13.3 144 854 24 10.2 140 14 24 16 13 30 | 3.0
M20 | 2.5 16.6 225 135 30 13.3 218 7 30 20 16 37 | 3.0
M24 | 3.0 19.9 324 194 36 15.3 314 19 36 24 19 44 | 4.0
M30 | 35 | 253 519 an 45 19.3 24 56 | 4.0
M36 | 4.0 | 306 E17 490 55 23.3 29 65 | 5.0
" maximum values # minimum values
MNote:  Proof Load is that load at which the bolt begins to plastically deform,
not the Ultimate Tensile Load,

MECHANICAL PROPERTY CLASSES
For ISO, METRIC STEEL BOLTS, SCREWS & STUDS (selected grades only)

Property Size Proof | Yield | Ultimate | Steel Type & Treatment
Class range | Stress | Stress | Tensile | (Typical Types)
(grade) Stress
(mm) | (MPa) | (MPa) (MPa)
4.6 M3 to 225 250 400 Low or medium carbon steel
M36 (most unmarked bolts & screws)
8.8 M3 to 600 635 B30 Medium carbon steel, Quenched & Tempered. (most "High
M35 Tensile" bolts)
10.9 M5 to 830 B9S 1040 Low carbon martensitic steel, Quenched & Temperaed.
M35 (some “Allen Screws")
12.9 M3 to 970 1100 1220 Alloy steel. Quenched & Tempered
M36 {most “Allen Screws” & similar)

MNote: The property class numbers, x.y, are based on:-
x approx. UTS of material in 100's of N/mm?*
.y proportion {/,;'s) of UTS at yield

e.g. Grade 8.8 means:- UTS of approx 800N/mm* and
Yield Stress of approx. BOON/mm? x 0.8 = 640N/mm*

According to Handout F of Fasteners (RID-MEC2007), a grade 8.8 M12 nut could
hold 50.5 kN at 600 N/mm? where only half loco’s 500kg X 9.81 = 4.905 kN is

needed to withstand.

Grade 8.8 M6 can also take 12.0 kN at 600 N/mm? in tension, meaning it could take

6.0 kN in shear, which is the mode experienced by the pins on the body lift.
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Appendix A-4: Body lift — aluminium tube material choice justification

IALUMINIUM ALLOYS

Material Material |E G p o Oyieis [Puts [Te Elong [Temp |Cost |Notes

Name Grade Limit

GNm? [GNm? [kgm™ [0°C" [MNm? [MNm? [MNm? |2, PC FErEEs

Soft Sheet 1050-0 69 [R6 27004 KO GO MO PBO0% £ Pressed panels

Half Hard Sheet 1050-H14 |69 [6 [R700R4 115 [125 |55 B% = Bent Panels, etc.

Fully Hard Sheet 1050-H18 b9 [26 2700 4 143 [160 [f6 H% E£ Flat Panels, etc.

Extrusions B063-T4 B9 (6 [2700p4 B0 [155 |79 [14% =3 Lightly stressed
parts. Bendable

Extrusions 6082-T6 [69 [26 2700 24 270 [B10 [124 B% £ Bridges, Vehicle
structures.

According to Handout E of materials (RID-MEC2007) aluminium 6082 T6 has a yield
strength of 270 MPa. The with 6mm pins inserted through the tubes, its contact

surface area with the aluminium tube is 3mm x 6mm (pin) = 18mm?.
Meaning for this aluminium tube to yield, it must experience:

275 MPa x 18mm? = 4860N per side. However, note that the critical load of buckling
for this was 2815.6364N, and this load case does not observe any buckling. So, if

the tube were to fail, it would have buckled before the pins deforms the tube.
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Appendix A-5: Body lift — bearing choice

The bearing fitted onto the body lift are believed to take a large axial load in both
directions, which is the only load it should experience (no radial load). Though a
thrust ball bearing would have been the ideal choice, a cheaper, still suitable double

groove ball bearing was chosen instead. According to its technical brochure:

Generated from www.skf.com on 2022-04-26

CALCULATION DATA

Basic dynamic load rating C 10.6 kN
Basic static load rating Co 6.2 kN
Fatigue load limit PLl 0.26 kN
Reference speed 36000 rfmin
Limiting speed 20000 r/fmin
Minimum load factor k. 0.05
Caleulation factor fa 122

This bearing has a static loading of 6.2 kN. Whereas in the worst load case, it only

wozokg X 9.81 = 4905N. With a safety factor of: % = 1.264.

takes:

Therefore, this bearing being a cheaper option was still deemed safe.
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Appendix B: Bogie

Appendix B-1: VSSS C Assembly (AH)
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Appendix B-2: Bracket (Bogie) Assembly (AH)

PART NUMBER

ITEM aTY MASS

Brackat Plate

1 1 0.036 kg

Bracket Plate - Bracket

2 4 0.026 kg

STOCK No.
SHEET No. 1
FILE Brackst - Bogie.iam

ALL DIMENSIONS IMN rmim
ALL DIMEMSIONS £ 0.1rmm

UNLESS OTHERWISE SHOWN

REMOVE ALL SHARP EDGES
DO WOT ALTER WITHOUT AGREEMENT OF DESIGNER:

S

SCALE 1
DATE 011052022
REVISION Mo.

DESIGHED alaxh
CHECKED

PROJECT

COMPANY NCI Mechanical .

COPYRIGHT 010552022

WEWCASTLE UNIVERSITY MECHARMMEEMGINEERING

P
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Appendix B-3: Bracket (AH)

254

127

1N

N
/

MATERIAL: Aduminium EDS3T
QIMMNTITY: 8

MaMUFACTURE: Purdhass brackets and Swen dnll
DESIGHER: Alex Hooper

STOCK Mo
SHEET Mo 1
FILE Bracket Plale - Brackss.

—H____.._.M O AORR0ZEE
REVISIOM MNo.

ALL DMENSIONS IN mm

ALL DENSIONS £ 0.1 mm A@ u&v
UMLESS DTHERWISE SHOWN

REMOVE ALL SHARP EDGES

00 HOT ALTER WITHOUT ASREEMENT OF DESIGMER

COPYRIGHT 01/0582022

H_mm__mﬁ__mn_
CHECHED

_-u-n_n_.-w.n._.

MEWCASTLE UNIVERSITY MECHARMESEMNGINEERING

h__w



Page 172

MEC8099: Team 11 Project Report

Railway Challenge

Appendix B-4: Bracket Plate (AH)

12.7

Th4

.4

!
st
&

S

'|-..|..l"
h
"'«ul.-"
25.4

190

O

STOCK Na.
SHEET Ma. 1
FILE Brackel Plate.i

MATERIAL: Aluminium BDEIT
OUANTITY: 2
MANUFACTURE: From sheat

DESIGNER: flex SCALE 1.2
SRR DATE 01052022

REVISION Mo.

ALL DIMENSICHNS IN mm
ALL DIMENSIONS £ 0.1mm

UHLESS OTHERWISE SHOWN
REMOVE ALL SHARP EDGES

| DO HOT ALTER WITHOUT AGREEMENT OF DESIGHE

DESIGHED alexh
CHECKED
PROJECT

[

COMPANY  MCL Mechanical

COPYRIGHT O1/0&/2022

MEWCASTLE UNIVERSITY MECHABENGMeEMBINEERING

2
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Appendix B-5: Connector Plate V2 (AH)

W
25 00mm —f————s] \v

=— A0.00mm——=f=—30.00mm —=

it 4 () ) =——tger————— &4, (Wi ——=

Connector Plate_\2
Mewcastle University Mechanical Engineering

MATERIAL: Aluminium 5251
THICKMESS: 3mm
QUANTITY: 2
MANUFACTURE: Laser Cut

3.00mm——m

5. 00mm
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Appendix B-6: Support Plate V2 (AH)

R3E. 00

3,00 ——e=

@66.00mm

F.2.00mim

R13.69mm

Support Plate_V2
Mewcastle University Mechanical Engineering

MATERIAL: ALUMINUM 5251
THICKNESS: 3mm
QUANTITY: 4
MANUFACTURE: Laser Cut

2. 50mm

/Im.m.m__“_:._a

’ ¥
?E.ﬂﬂr'nrn4|
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Appendix B-7: Roller V2 (AH)

@is0

40

A

TE

Je

MEx1 - 8H e

L—

iy mi

S
|
i

o e s e e

MATERIAL: EN1A Mild Stee| (Bright)
QUANTITY: 2
MANUFACTURE: Turring (CHC Lathe)|

L%

STOCK Mo.
SHEET Mo. 1
FILE Roller Va2l

SCALE 1:15
DATE /022022

ALL DIMEMNSIONS I mm

ALL DIMEMNSIONS £ 0.1mm
UNLESS OTHERWISE SHOMWN

REMOVE ALL SHARP EDGES

00 HOT ALTER WITHOUT AGREEMENT OF DESIGNE

REWVISION Mo.

DESIGHED BTO2EIED
CHECKED
PFROJECT

i

COMPANY

COPYRIGHT 044022022

HEWCASTLE UNNERSITY MECHAKICAL ENGINEERIMG

)

.&I
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Appendix B-8: Spring Seat Assembly V2 (AH)

¥

PEAT KUKECR meM | oTy [T
pring Saml O reciosd i 4 3.0% kg
pring Saml SHal 2 i 3038 ky
L pE] S a 1 303 kg
L Spsing LT (LA [T & 1 3013
% Compreassd CPY V2 'Wla IzTm

-

O O

[
0

o¥ A0
ot e

r
h

STOCK MHa
SHELT 4z 1

-
EE[E 1:1
DATE ISIET
=y =t SRTE

ALl NMCHSDNS Womr CESKMELD EEET
SLL INMENTEDNS = 0 1mm

LHLES S DTHEFSESE S HOAY M
FERTVT AL SHARP CDGES

Do WOT ALTER BTHOUT ASRIEWINT OF DESHGHER

COPYFIGEHT J0THS KREWCASTLE LRVIFESTY um'm:m'm
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Appendix B-9: Spring Seat Bracket (AH)

ﬂ o
e 1 E =
-
I I [ I I _’I
lII"'--.__.-"Ir .
o
a
—_—
METERLAL: Sharimaur G017 ETOCE Fa
DLAEMTITY: 4 1
MUEHLTECTURL: Furchass Seschais ared e drill LT Me
CWTE IOETTIOT
R STk M
ALL DRCM S ORS W T DESIGHLD T Ta
ALl DRCNTONS £ 0 Tmm
UHLES S OTHEFWESE S HOAWR M
FEEDE AL SHARP EDGES
[ KT ALTER WITHOUT AGZRIEEINT OF DESGHRER m&wll—
COPFYTFRGEHT MTHI S HEWCASTLE LRIVEFEHTY W YLCRING
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Appendix B-10: Spring Seat Bracket (Reverse) (AH)

14
- 25 - ————
=
i [ ] ] ;".'#
= -
il
("]
. AR
ETOCH e

MATERLAL: Akirisiurn BOEST SEET .

CIAMTITY. & FILE .

FMANUFACTURE: Purchasa bischts and B dill

DESIGNER: Alx Hespr e e

RENIEITH M
ALl DPFENSIONES ik mm GEQICHED shierh
ALl DRENSIONS £ 0. 1ms
UMLEEE OTHERWIEE EHOWN %EEF
REMOWE AL SHARP EDGEE
DO HOT &ELTER ‘WITHOUT AQAEEMENT OF DESKIMER WE‘[‘%&%
i LMK |
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Appendix B-11: Spring Seat Shelf (AH)

W

IT.5

1
STOCE Ma
METERLAL: Shymiror BEOETT
CLEAMTITY- 3 SHELT Mz 1
WENLUTECTURE: F e sl M
DCSIGHER: Sax |
Hoops DATE WOLTIED
R S0k Mz
ALL NRCH S ORNS W DESIGHEID NEET
ALL IRMENSONS 20 1mm
LUHLES S DTHEFAWESE S HOWHA W
FERTHT AlL SHARP COGES
L]

COPFTFIGEHT MVEE33E

o] ROT ALTER BWITHIUT AGRIEEINT OF DEHGHE %._
HEWCASTLE LEIVIFESTY W MLCRIMNG
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Appendix B-12: Spring Seat (AH)

A
4'

Wo%

STOCK Ka
MATEFLIAL : FLA,
CSUEMTITY: 4 SHELT Mz 1
WMAKLUFACTURE: 30 Prind Hﬁlﬂ;
DCSIGHER: Alaa Hoopa
CTIE T Tt drord
R0 Mz
ALL NRCMH S DRES W e DESKGHED BTG
ALL DEMISORS 20 1mm
UKLESS OTHEFSWISE S HOAR 'Hﬂ‘ﬁ'
FERICYET AL SHARP EDGES
r

O W7 ALTER BWITHOUT AGRIERLNT OF DESIGHE W._
COPFYRIGHT 18T0EIas KREWCASTLE LFIVIFESITY W MLCRING
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Appendix B-13 Spring Seat Frame (LK)
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3 6 8 0.3
-
2
-]
=
©
o
w
7o}
~
_gl. t._s.,
7\ ]
~ o
o
©
E 094 238 1039 547 a
@26
SPRING SEAT FRAME
NOTES:
MATERIAL: 6mm S275 MILD STEEL PLATE STOCK No.
QUANTITY: NEED & SPRING SEAT FRAME LASER CUT PLATES SHEET No. 1
THIS IS A REVOLUTION DRAWING DESIGN.
IF NOT SPECIFIED ASSUME FILLET RADIUS TO BE Smm SCALE 1705
PLEASE ALLOW A 2 0.5mm FOR THE BOLT HOLES DATE 22’,12/2'02'1
REVISION No.
ALL DIMENSIONS IN mm DESIGNED LIGHTNESS KINGS
ALL DIMENSIONS £ 0.1mm CHECKED
UNLESS OTHERWISE SHOWN PROJECT IMechE RC-HSToon
REMOVE ALL SHARP EDGES COMPANY NCL Mechanical
DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER Engineeri
COPYRIGHT 22/12/2021 NEWCASTLE UNIVERSITY MECHANICAL ENGINEERING
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Appendix B-14: Anti-rollbar Linking plate (LK)

\V

25
-1
2
[ @&
L~
k=
2
&
| B2
ANTIROLLBAR PLATE
LINK
NOTES:
MATERIAL: &mm 276 MILD STEEL PLATE STOCK Mo,
QUANTITY: NEED 4 ANTIROLLEAR PLATE LINK LASER CUT PLATES SHEET Mo. 1
IF BOT SPECIFIED ASSLMAE FILLET RADIUS TO BE Smm.
PLEASE ALLOW & % 0.5mm FOR THE BOLT HOLES. SCALE 1-0.5
DATE 221252021
REVISION Mo.
ALL DIMENSIONS IN mm DESIGNED LIGHTMESS KINGS
ALL DIMEMSIONS + 0.1mm CHECKED
UMLESS OTHERWISE SHOWN PROJECT IMechE RC-HSToon
REMOWVE ALL SHARF EDGES COMPANY MNCL Mechanical
DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER Enginearin
COPYRIGHT 22/12/2021 NEWCASTLE UNIWVERSITY MECHANICAL ENGINEERING
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Appendix B-15: Anti-rollbar sidearm (LK)

V4
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NOTES:
MATERIAL: 3mm 2275 MILD STEEL PLATE

QUANTITY: MEED & ANTIROLLBAR SIDE ARM SHEET METAL PLATES
IF ROT SPECIFIED ASSUME FILLET RADILS TO BE Smm.

PLEASE ALLOW A % 0.5mm FOR THE BOLT HOLES.

@10 M10BOLT
=
- o
o3
1
A3
/ h fligy
2 &,
b o
,{{&"
Qb"'.'l
15 B0 3z
[ 107 l
‘?ﬂ"
1
Lt} i
1
30.8 _7.38 626

E55%

ALL DIMEMSIONS IM mm

ALL DIMEMNSIONS + 0.1mm
UMLESS OTHERWISE SHOWN
REMOVE ALL SHARP EDGES

DO NOT ALTER WITHOUT AGREEMENT OF DESIGMER

ANTIROLLBAR SIDE

ARM

STOCHK Mo.

SHEET Mo. 1

BCALE 1:1

DATE 221272021

REVISIOMN Mo.

DESIGMED LIGHTMESS KINGS

CHECKED

PROJECT IMechE RC-HSToon

COMPANY MNCL Mechanical
Engineering

COPYRIGHT 2212/2021

NEWCASTLE UNIVERSITY MECHAMICAL EMGINEERING
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Appendix B-16: Bogie end-frame (LK)

¥

5%

574
110.82 \wb\\ 203.85 40 - 110.92
h
/ | N ,
E%I jf = = = = =
[ f |] i — ¥
8
. + + <
| I: —8— —a— |l
k. "/ _ﬁ.‘ 3 8
[
10 7 276
3 &2 450
52 20 70 )
1
A(1:2 }B.E.lwf’ ko FILLET
o —
@6 MEBOLT i
& & U & ]
& 1
gl & I] .
b
P / -

BOGIE END FRAME

NOTES:
MATERIAL: &mm 2276 MILD STEEL PLATE STOCHK Mo,
QUANTITY: MEED 4 EMND FRAME LASER CUT PLATES SHEET Mo. 1
IF ROT SPECIFIED ASSUME FILLET RADILES TO BE Smm.
PLEASE ALLOW & % 0.5mm FOR THE BOLT HOLES. SCALE 1-4
DATE 2211272021
REVISIOM Mo. BOGIE FRAME v7T
ALL DIMEMNSIONS IM mm DESIGMED LIGHTMESS KINGS
ALL DIMENSIONS + 0.1mm CHECKED
PROJECT [IMechE RC-HSToon

UMLESS OTHERWISE SHOWMN
REMOVE ALL SHARP EDGES

DO NOT ALTER WITHOUT AGREEMENT OF DESIGMER

© &7

COMPANY  NCL Mechanical

Engineering

COPYRIGHT 2212/2021

NEWCASTLE UNIWVERSITY MECHAMICAL EMGIMEERING
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Appendix B-17: Bogie side-frame-1 (LK)
/ 1112
- - - T a
m : aa Enn 1 _+:¢- EE
& = =
T %

/
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1100

330.33 10.22 2880
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L._-_,j-\ﬁ\ :'L':'ﬂﬁ
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A
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E
[y
[
&
icd
o
34_ 232 214.23 183.45 238.69 34_
50 20 8889 A(1:4)
. | 1 | H—m%

0| o
Lo L ST <
& ]
R
&
&
o[
5 o
£ o)
o
o
G(| 1048 21.58 @en 100.46
NOTES:
MATERIAL: &mm 5275 MILD STEEL PLATE BDGIE SIDE FR'AME
QUANTITY: MEED 4 SIDE FRAME PLATES 1.1
THIS B2 THE FIRST DRAWING FOR THIE PART, WITH A TOTAL OF 3 DRAWINGE PRESENTED.
IF MOT SPECIFIED AZSUME FILLET RADIUS TO BE Smm.
STOCK No.
SHEET Mo. 1
SCALE 1:7
DATE 2211212021
REVISION Na.
ALL DIMENSIONS IN mm DESIGMED  LIGHTMESS KINGS
ALL DIMENSIONS + 0.1mm CHECKED
UNLESS OTHERWISE SHOWN PROJECT  IMechE RC-HSToon
REMOVE ALL SHARP EDGES - i
DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER FOMPANY ﬁmm“'
NEWCASTLE UNIVERSITY MECHANICAL ENGINEERING

COPYRIGHT 2212/2021
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Appendix B-18: Bogie side-frame-2 (LK)
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ml — —
e
J40
@16 M1EBOLT -
@22
A
1268 B4 16 4717 4717 252 B3
bl T —r T T
A(14)
6| 211z 10 \';
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!
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3 I 0
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: i o | -
[ 0 B
] ? 2
e 1 =
N Ry & i <
6237
B ( 1 . 4 } B 35.88
1
oo w
D EEE:I=[| ]
" E S
=
BOGIE SIDE FRAME
1.2
MOTES:
MATERIAL: Gmm 22756 MILD STEEL PLATE STOCK Mo.
QUANTITY: REED 4 SIDE FRAME FLATES SHEET Mo. 1
THIZ |2 THE SECOND DRAWING FOR THIS PART, WITH & TOTAL OF 3 DRAWINGS PRESENTED.
IF HOT SPECIFIED ASSUME FILLET RADILS TO BE Smm.
SCALE 1:7
DATE 22112j2021
REVISION Mo.
ALL DIMEMNSIONS IM mm DESIGMED LIGHTHESS KINGS
ALL DIMENSIONS + 0.1mm CHECKED
UMLESS OTHERWISE SHOWM PROJECT IMechE RC-HSToon
REMOWE ALL SHARP EDGES COMPANY  MCL Mechanical
DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER Engineering

COPYRIGHT 22122021

MNEWCASTLE UNIVERSITY MECHAMICAL ENGINEERIMG
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Appendix B-19: Bogie side-frame-3 (LK)

\V4

474 &7 67

j

13.63
=z
=
it
[
=
m
-
]
=
]
>
\ah:r

535

&
L'I_._l_-|._l_
16
i —

_& 16.?_'5.! 23.1::3 141.3 ?EE:rT 10 Q_

5%

BOGIE SIDE FRAME

1.3
NOTES:
MATERIAL: &mm 2276 MILD STEEL PLATE STOCK No.
QUANTITY: MEED 4 SIDE FRAME LASER CUT PLATES SHEET Mo. 1
THIS IS THE THIRD DRAWING FOR THIS PART, WITH A TOTAL OF 3 DRAWINGS PRESENTED.
IF NOT SPECIFIED ASSLUME FILLET RADILES TO BE Smm.
SCALE 1:7
DATE 2211272021
REWVISION Mo.

ALL DIMEMSIONS IN mm DESIGMED

LIGHTMESS KINGS
ALL DIMEMSIONS 4 0.1mm CHECKED
UMLESS OTHERWISE SHOWMN PROJECT IMechE RC-HSToon
REMOVE ALL SHARF EDGES

COMPANY MCL Mechanical
DO NOT ALTER WITHOUT AGREEMENT OF DESIGHER Engineering
COPYRIGHT 221122021 NEWCASTLE UNIVERSITY MECHAMICAL EMGINEERING
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Appendix B-20: Bogie top-frame-1 (LK)

V4

1112
1100

1

52

a74

A
4483 13017 BA.73|| 10661 |17.B| BE.18 [ 1522 130
— - ke e
[ F -
2 A(1:8) B(18)
\G &
':(}- Q@Q\}}'
B [
r ~
=2
= L
b
E i~ P - R13 .
50 210 BOGIE TOP FRAME
1.1
NOTES:
MATERIAL: mm 2275 MILD STEEL PLATE STOCK Mo.
QUANTITY: REED 2 TOP FRAME LASER CUT PLATE SHEET Mo. 1
THIS 12 THE FIRST DRAWING PART FOR THE TOP FRAME.
IF HOT SPECIFIED ASSUME FILLET RADIUS TO BE Smm. AL T
PLEASE ALLOW A % (0.5mm FOR THE BOLT HOLES. DATE 2211 EJZEI:’H

REVISIOM Mo. BOGIE FRAME +7
ALL DIMENSIONS IN mm DESIGMED

LIGHTHNESS KINGS
ALL DIMENSIONS + 0.1mm CHECKED
UMLESS OTHERWISE SHOWMN PROJECT IMechE RC-HSToon
REMOVE ALL SHARF EDGES COMPANY  MNCL Mechanical
DO NOT ALTER WITHOUT AGREEMENT OF DESIGMER

Engineering
COPYRIGHT 221212021 NEWCASTLE UNIWERSITY MECHAMICAL ENGIMEERING
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Appendix B-21: Bogie top-frame-2 (LK)

¥

50 88.89 &0 104 B 140 124 59.5
E1
o
=]
™
=
uw
gle
1=
a.
(]
1
BOGIE TOP FRAME
1.2
NOTES:
MATERIAL: émm 2275 MILD STEEL FLATE STOCK Mo.
QUANTITY: NEED 2 TOF FRAME LASER CUT PLATE SHEET Mo. 1
THIS |23 THE SECOMND DRAWING PART FOR THE TOP FRAME.
IF NOT SPECIFIED ASSUME FILLET RADIUS TO BE Smm. -
PLEASE ALLIOW & & 05mm FOR THE BOLT HOLES. gg'-?léE 2301 z.rziu:ﬂ-j
REVISION Mo. BOGIE FRAME vT
ALL DIMENSIONS IN mm DESIGNED LIGHTMESS KINGS
ALL DIMENSIONS + 0.1mm CHECKED
UNLESS OTHERWISE SHOWN PROJECT IMechE RC-HSToon
REMOWVE ALL SHARF EDGES COMPANY MNCL Mechanical
DO MOT ALTER WITHOUT AGREEMEMNT OF DESIGNER Engineering
COPYRIGHT 22122021 NEWCASTLE UNIVERSITY MECHANICAL ENGINEERING

Jiy



Railway Challenge MEC8099: Team 11 Project Report Page 190
Appendix B-22: Bogie top-frame-3 (LK)
ar4 14 7585 11207
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@a.5MBBOLT 'ﬁl o)
== &Y CELN m1-
]
3
g
P
A
6547 35 16.35
BOGIE TOP FRAME
1.3
NOTES:
MATERIAL: &mm 2276 MILD STEEL PLATE STOCK Mo.
QUANTITY: REED 2 TOP FRAME LASER CUT PLATE SHEET Mo. 1
THIE 12 THE THIRD DRAWING PART FOR THE TOP FRAME.
IF ROT SPECIFIED ASSUME FILLET RADILES TO BE Smm. SCALE 7
PLEASE ALLOW A % 0.5mm FOR THE BOLT HOLES. DATE 29311 2."2I:|:'2'|
REVISION No. BOGIE FRAME vT
ALL DIMENSIONS IN mm DESIGMED LIGHTMESS KINGS
ALL DIMENSIONS + 0.1mm CHECKED
UMLESS OTHERWISE SHOWM PROJECT [IMechE RC-HS5Toon
REMOWVE ALL SHARP EDGES COMPANY  NCL Mechanical
DO NOT ALTER WITHOUT AGREEMEMT OF DESIGNER Engineering
COPYRIGHT 221212021 NEWCASTLE UNIWERSITY MECHANICAL ENGIMEERING
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Appendix B-23: Bogie guard iron (LK)

AV
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52

\, @6MEBOLT

220

A
20
@'&
Q?

GUARD IRON
NOTES:
MATERIAL: 6mm $275 MILD STEEL PLATE STOCK No.
QUANTITY: NEED 4 IRON GUARD LASER CUT PLATES SHEET No. 1
IF NOT SPECIFIED ASSUME FILLET RADIUS TO BE Smm
PLEASE ALLOW A £ 0.5mm FOR THE BOLT HOLES. SCALE 1-2

DATE 22/12/2021

REVISION No. BOGIE FRAME v7
ALL DIMENSIONS IN mm DESIGNED  LIGHTNESS KINGS
ALL DIMENSIONS £ 0.1mm CHECKED

UNLESS OTHERWISE SHOWN PROJECT IMechE RC-HSToon

REMOVE ALL SHARP EDGES COMPANY NCL Mechanical
DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER Enqi i

COPYRIGHT 22/12/2021 NEWCASTLE UNIVERSITY MECHANICAL ENGINEERING
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Appendix B-24: Bogie iron guard-spac
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er (LK)
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@6 MEBOLT
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Jany
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_9 \. » 4_
-y 20
&
~4
g
@
IRON GUARD
SPACER
NOTES:
MATERIAL: 6mm S275 MILD STEEL PLATE STOCK No.
QUANTITY: NEED 4 GUARD IRON SPACER LASER CUT PLATES SHEET No. 1
IF NOT SPECIFIED ASSUME FILLET RADIUS TO BE 5mm
PLEASE ALLOW A £ 0.5mm FOR THE BOLT HOLES. SCALE -1
DATE 22112/2021
REVISION No. BOGIE FRAME v7
ALL DIMENSIONS IN mm DESIGNED LIGHTNESS KINGS
ALL DIMENSIONS £ 0.1mm CHECKED
UNLESS OTHERWISE SHOWN PROJECT IMechE RC-HSToon
REMOVE ALL SHARP EDGES COMPANY NCL Mechanical
DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER i 1
COPYRIGHT 22/12/2021 NEWCASTLE UNIVERSITY MECHANICAL ENGINEERING
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Appendix B-25: Bogie horizontal-spring platform (LK)

¥
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[T
20 10
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HORIZONTAL SPRING
PLATFORM
NOTES:
MATERIAL: Gmm 2276 MILD STEEL PLATE STOCK Mo.
QUANTITY: MEED 4 HORIZONTAL SPRING PLATFORM LASER CUT PLATES SHEET Mo. 1
IF ROT SPECIFIED ASSUME FILLET RADILS TO BE Smm.
PLEASE ALLOW & % 0.5mm FOR THE BOLT HOLES. SCALE 1-2
DATE 221272021
REVISIOM Mo.
ALL DIMENSIONS IM mm DESIGMED LIGHTMESS KINGS
ALL DIMENSIONS + 0.1mm CHECKED
UNLESS OTHERWISE SHOWN PROJECT IMechE RC-HSToon
REMOWVE ALL SHARF EDGES COMPANY MCL Mechanical
DO MOT ALTER WITHOUT AGREEMEMNT OF DESIGNER Engineering
COPYRIGHT 22122021 NEWCASTLE UNIVERSITY MECHANICAL ENGINEERING
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Appendix B-26: Bogie M12-bush bracket (LK)

¥
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42

@12 M12BOLT

iy

20

NOTES:

MATERIAL: mm 3275 MILD STEEL FLATE

QUANTITY: NEED 4 M12 BUSH BRACKET LASER CUT PLATES
IF ROT SPECIFIED AZSUME FILLET RADILES TO BE Sem.

PLEASE ALLOW A # 0 Smm FOR THE BOLT HOLEES.

O

M12 BUSH BRACKET

STOCK Mo.

SHEET Mo. 1

SCALE 1:0.5
DATE 2211212021

ALL DIMENSIONS IN mm

D0 MOT ALTER WITHOUT AGREEMENT OF DESIGME

ALL DIMENSIONS £ 0.1mm
UMLESS OTHERWISE SHOWMN
REMOVE ALL SHARP EDGES
R

REVISION No. BOGIE FRAME v7

DESIGNED
CHECKED

LIGHTMESS KINGS

PROJECT
COMPANY

IMechE RC-HSToon
NCL Mechanical
Engineeri

COPYRIGHT 2211272021 MNEWCASTLE UNIVERSITY MECHANICAL ENGINEERING
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Appendix B-27: Anti-rollbar bush brac
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ket (LK)
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16

Fa
7
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NOTES:
MATERIAL: émm 2275 MILD STEEL PLATE

QUANTITY: NEED & ANTIROLLBAR BUSH BRACKET LASER CUT
IF ROT SPECIFIED ASSUME FILLET RADILS TO BE Smm.

PLEASE ALLOW A % 0.5mm FOR THE BOLT HOLES.

23

O

ANTIROLLBAR BUSH
BRACKET

STOCK Mo,
SHEET Mo.

1

SCALE
DATE

1:05
2211272021

ALL DIMEMNSIONS IN mm

ALL DIMENSIONS + 0.1mm

UMLESS OTHERWISE SHOWN

REMOVE ALL SHARP EDGES

DO NOT ALTER WITHOUT AGREEMENT OF DESIGME

PLATES
REVISION Mo.
DESIGMED
CHECKED
PROJECT IMechE RC-HSToon
COMPANY MCL Mechanical

R-@> Engineering

LIGHTMESS KINGS

COPYRIGHT 2212/2021

NEWCASTLE UNIVERSITY MECHAMICAL EMGINEERING

A
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Appendix B-28: Anti-rollbar-to-chassis connection plate (LK)

AV

166
N 2|
/g ‘ I
s| 2] [-& -&- | & & %
M — b
S NG
2
6] 23 | 23 | |14 10 o

AV
/

@8 MBBOLT ‘/)

24

5%

ANTIROLLBAR

Cores SUSP-CHASSIS
MATERIAL: 6mm S275 MILD STEEL PLATE MQH NT
QUANTITY: MEED 4 ANTIROLLBAR SUSP.CHASSIS MOUNT LASER CUT PLATES SHEET Mo. i
ALL FILLETS ARE TO BE 10mm
IF HOT SPECIFIED ASSUMIE FILLET RADILS TO BE Smm. SCALE 1-2
PLEASE ALLOW & % 0.S5mm FOR THE BOLT HOLES. DATE 2919 zﬂu-z.l
REVISION No.

ALL DIMENSIONS IN mm DESIGNED  LIGHTNESS KINGS
ALL DIMENSIONS + 0. 1mm CHECKED

UNLESS OTHERWISE SHOWN PROJECT IMechE RC-HSToon
REMOVE ALL SHARP EDGES COMPANY NCL Mechanical

DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER [ ——
COPYRIGHT 22/12/2021 NEWCASTLE UNIVERSITY MECHANICAL ENGINEERING
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Appendix B-29: Bogie secondary springs gusset support (LK)

AV

10

10

10

25

NOTES:
MATERIAL: 6mm 3275 MILD STEEL FLATE

QUANTITY: MEED 4 SECONDARY GUSSET LASER CUT PLATES
IF HOT SPECIFIED ASSUME FILLET RADIUS TO BE Smm.

PLEASE ALLOW A % 0.5mm FOR THE BOLT HOLES.

5%

SECONDARY GUSSET

ALL DIMEMSIONS IN mm
ALL DIMENSIONS + 0.1mm
UMLESS OTHERWISE SHOWM
REMOVE ALL SHARF EDGES
DO NOT ALTER WITHOUT AGREEMENT OF DESIGMER

]

STOCK Mo.

SHEET Mo. 1

SCALE 1:05
DATE 221272021
REVISION Mo.

DESIGMED LIGHTHNESS KINGS
CHECKED

PROJECT [IMechE RC-HS5Toon

COMPANY MCL Mechanical

Enginearin

COPYRIGHT 22122021

NEWCASTLE UNIVERSITY MECHANICAL ENGINEERING
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Appendix B-30: Secondary springs-to-chassis mount (LK)

4

208

65

\

15,95

;_

7.8

%

17

4
ITs
Tl

25

E

17

108

1)

@8 MBEOLT

& O

1
?“"ﬁ

NOTES:
MATERIAL: Gmm 2278 MILD STEEL FLATE

IF HOT SPECIFIED ASSUME FILLET RADILE TO BE Smm.
PLEASE ALLOW A 2 0 Smm FOR THE BOLT HOLES.

QUANTITY: NEED 4 SPRING-CHASSIS MOUNT LASER CUT PLATES

o

ALL DIMEMNSIONS IN mm
ALL DIMEMSIONS + 0.1mm
UMLESS OTHERWISE SHOWN
REMOVE ALL SHARP EDGES
DO NOT ALTER WITHOUT AGREEMENT OF DESIGME

SPRING-CHASSIS
MOUNT
STOCK Mo.
SHEET Mo. 1
SCALE 1:2
DATE 22M2j2021
REWISION Mo.
DESIGMED LIGHTMESS KINGS
CHECKED
PROJECT IMechE RC-HSToon
COMPANY MCL Mechanical

i Enginearing

COPYRIGHT 221202021

NEWCASTLE UNIWERSITY MECHAMICAL EMGINEERING

2
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Appendix B-31: Secondary suspension rubber washers (LK)

AV

@4 7mm

O

RUBBER WASHER
QUANTITY: 16 Rubber Washers EILE .
MATERIAL: SAN Plastic 20004 & Rubber Washer.ipt
SCALE 1:05
ALL DIMENSIONS IN mm DESIGMED LIGHTHMESS KINGS
ALL DIMENSIONS £ 0.1mm
UMLESS OTHERWISE SHOWMN PROJECT
REMOVE ALL SHARP EDGES
DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER COMPANY MCL Mechanical

COPYRIGHT MEWCASTLE UNIVERSITY MECHARNMeEMGINEERING
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Appendix B-32: Secondary suspension spring inner jackets (LK)

e
I
I i I /
| i | %
] | | I 7 Z ]
! =
I E | | | ? ? | &
& | ! | /
S I !
LN, b
|
|_‘_ A Bmm 16mim
@dmm
#32mm
?000A SPRING
PLASTIC
FILE 2000A plastic.ipt
QUANTITY: 16 2000A Spring Plastic
MATERIAL: PMMA Plastic SCALE ToE
ALL DIMENSIONS IN mm DESIGNED  LIGHTMESS KINGS
ALL DIMENSIONS £ 0.1mm
UNLESS OTHERWISE SHOWN -@» -G» PROJECT
REMOVE ALL SHARP EDGES
D0 NOT ALTER WITHOUT AGREEMENT OF DESIGHER COMPANY NCI Mechanical

COPYRIGHT 121272020 NEWCASTLE UNIVERSITY MECHARMeEMGINEERING
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Appendix B-33: Anti-rollbar spacer (LK)

\V

@E0mm
@34mm
I ]
E| ¢ | !
2| = | i
@2Bmm
@28mm
@34mm
@B0mm
IANTI-ROLLBAR
SPACER
QUANTITY: 4 ANTI-ROLLBAR SPACER
MATERIAL: $275 MILD STEEL FILE RollBarLinkSpacer.ipt
SCALE 1:1
ALL DIMENSIONS IM mm DESIGHMED LIGHTHNESS KINGS
ALL DIMENSIONS £ 0.1mm
UMNLESS OTHERWISE SHOWMN PROJECT Mewcastle University
REMOVE ALL SHARP EDGES
DO MOT ALTER WITHOUT AGREEMENT OF DESIGNER COMPANY
COPYRIGHT 11/02/2021 MEWCASTLE UNIVERSITY MECHAMICAL EMGINEERING
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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)

¥

_. 48
T m Ll T
L1l 11 I =
8
'hﬁ [T
! —
3
o
1 = ]
= =
! L
a8 —
3
B 8 8 = &
=]
= w3
2 | | <
o
=
1 S
(=]
5 10 5
10 10 B

5%

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)
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Railway Challenge
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Appendix B-37: Secondary springs assembly (LK)
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Appendix B-39: (JJ)

MEC8099: Team 11 Project Report

¥

Page 207

Material: 5275 grade steel
Quantity: 2

225.8

33

TC flat

STOCK Mo.
SHEET Mao.
FILE

1

SCALE
DATE
REVISION No.

ALL DIMENSIONS IN mm
ALL DIMENSIONS £ 0. 1mm

REMOVE ALL SHARP EDGES

UMLESS OTHERWISE SHOWN

DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER

DESIGNED
CHECKED

1:2
1112412021

Jonas Janiunas

PROJECT

COMPAMNY MCL Mechanical

COPYRIGHT 1172472021

NEWCASTLE UNIVERSITY MECHAENDMeEHGINEERING

&
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Appendix B-40: (JJ)

MEC8099: Team 11 Project Report Page 208

v

44 45

160

12

Ty
WL
12

"
T
h
w1
20
4275

.-'i ;; 12
@8 through hole | @10 through hole ¢ S
325
TC billet
Quantity: 4
. . . STOCK Mo.
Material: Aluminium 6082 T6 SHEET Mo. 1
FILE TC extension billet ipt
SCALE 1:2
DATE 29112021

ALL DIMENSICNS IN mim
ALL DIMENSIONS £0.1mm

DESIGHNED Jonas Janiunas
CHECKED
UNLESS OTHERWISE SHOWM PROJECT
REMOVE ALL SHARP EDGES
R

DO NOT ALTER WITHOUT AGREEMENT OF DESIGHE

REVISION MNo.

COMPANY MCL Mechanical

COPYRIGHT 29/11/2021

WEWCASTLE UNIVERSITY MECHAENNeEHGINEERIMNG

i
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Appendix B-41: (JJ)

v

30.36

10 73

10

/

i ]

Connection flange

STOCK MNo.
SHEET Mo. 1
Material: 5275 grade steel FILE
Quantity: 4 SCALE 1:1
DATE 111282021

REWVISION Mo.
ALL DIMENSIONS IN mm

DESIGMED Jonas Janiunas
ALL DIMENSIONS = 0. 1mm CHECKED
UNLESS OTHERWISE SHOWN PROJECT
REMOVE ALL SHARP EDGES
R

DO NOT ALTER WITHOUT AGREEMENT OF DESIGHE COMPANY MC1 Mechanical
COPYRIGHT 117292021 NEWCASTLE UNIVERSITY MECHAHMQEEEHGINEERING

N
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Appendix B-42: (JJ)

¥

MEC8099: Team 11 Project Report

65

Material: S275 Steel
Quantity: 2

TC anti-buckling

ALL DIMENSIONS IN mm

ALL DIMENSIONS £ 0. 1mm
UMNLESS OTHERWISE SHOWN

REMOVE ALL SHARP EDGES

CHECKED

STOCK Mo.

SHEET Mo. 1
FILE TC buckling support ipt
SCALE 1:1
DATE 11242021
REVISION Mo.

DESIGMED Jonas Janiunas

PROJECT

o
3 ‘G
DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER

COMPANY MCL Mechanical

COPYRIGHT 11/24/2021

NEWCASTLE UNIVERSITY MECHAENDMeEHGINEERIMNG

P
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Appendix B-43: (JJ)

MEC8099: Team 11 Project Report

¥
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45

35

244,39

40

Material: S275 Steel
Quantity: 2

UP 34° R3

DOWM 34° RE

TC bent plate

ALL DIMENSIONS IN mm
ALL DIMEMNSIONS £ 0. 1mm

REMOWE ALL SHARP EDGES

UMLESS OTHERWISE SHOWN

DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER

STOCK Mo.

SHEET Mo. 1
FILE _TC bent plate (sheet metal
SCALE part) iR
DATE 22022
REVISION Mo.

DESIGMED Jonas Janiunas
CHECKED

PROJECT

COMPARNY MNCL Mechanical

COPYRIGHT 3272022

NEWCASTLE UNIVERSITY MECHAENDNeGHGINEERING




Railway Challenge

Appendix B-44: (3J)

MEC8099: Team 11 Project Report

4

Page 212

.

1 [ ] 2
sl e R0
[ oy
| —
=
uwy
> 2 R
» \
o W
— = -
|
AN =
55.48
LB
[ 5

Material: 5275 grade steel
Quantity: 4

I

TC Hook

STOCK Mo.
SHEET Mo.
FILE

1

SCALE
DATE
REVISION Mo.

ALL DIMENSIONS IMN mm

ALL DIMENSIONS £ 0. 1mm
UMLESS OTHERWISE SHOWN

REMOVE ALL SHARP EDGES

DO NOT ALTER WITHOUT AGREEMENT OF DESIGNE

& =

DESIGHED
CHECKED

1:2
12152021

Jonas Janiunas

PROJECT

COMPANY MNCL Mechanical

COPYRIGHT 12/13/2021

MEWCASTLE UNIVERSITY MECHARNNSEHEINEERING

&
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Appendix B-45: (JJ)

MEC8099: Team 11 Project Report

Vi

Page 213

74

[ [

v
ff‘

94

Material: 5275 grade steel
Cuantity: 4

TC bushing connection

STOCK MNo.
SHEET Mo.
FILE

1

SCALE
DATE
REVISION Mo.

ALL DIMENSIONS IN mm
ALL DIMENSIONS £ 0. Tmm

REMONVE ALL SHARP EDGES

UMLESS OTHERWISE SHOWN

DO NOT ALTER WITHOUT AGREEMENT OF DESIGNE

& <

DESIGMED
CHECKED

1:1
3182021

Jonas Janiunas

PROJECT

COMPANY

COPYRIGHT 3/18/2021

NEWCASTLE UMIVERSITY MECHANICAL ENGINEERING

P
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Appendix B-46: (JJ)

MEC8099: Team 11 Project Report

V4

Page 214

L%

TC full assembly

STOCK No.
SHEET No.

FILE Traction centre_iam

1

SCALE
REVISIOM MNo.

ALL DIMENSIONS IN mm

ALL DIMENSIONS £ 0. 1mm
UMLESS OTHERWISE SHOWN

REMOVE ALL SHARP EDGES

DO NOT ALTER WITHOUT AGREEMENT OF DESIGHNER

&

DESIGMED
CHECKED

DATE 112472021

Jonag Janiunas

1:4

PROJECT

COMPANY _MCL Mechanical

COPYRIGHT 1172472021

HNEWCASTLE UNIVERSITY MECHARNEESEHGINEERING

A
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Appendix B-47: (3J)

Vi

. )
5
395 o
245
14 35 10
¥
?}
[ i a
wa| T ]
- ., A<ra [
[
w b —
|
= _ -
1
I L% 4$7 o [
\ﬂ
Brake shoe
STOCK MNo. version 1
Material: S275 grade stesl SHEET Mo 1
Cuantity: 2 FILE
SCALE 1:1
DATE 122312021
REVISION Mo.
ALL DIMENSICONS IN mim DESIGHED Jonas Janiunas
ALL DIMENSIONS £ 0.1mm CHECKED
UMNLESS OTHERWISE SHOWM [FROJECT HSTOON
REMOVE ALL SHARP EDGES
DO WOT ALTER WITHOUT AGREEMENT OF DESIGNER COMPANY MCL Univeristy
COPYRIGHT 127232021 NEWCASTLE UMIVERSITY MECHANICAL ENGINEERING

B8
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Appendix B-48: (JJ)

MEC8099: Team 11 Project Report

Vi
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48.4

849

(=]
L=

@85
"q./

|
"y
=
100
B 35 _ 30
20 60 - P
125 . L/
I T 1 1 —
[
ol 4R
T L/

/

Material: 5275 stes
Quantity: 4

Brake mount bracket

ALL DIMEMNSIONS IN mm
ALL DIMEMNSIONS £ 0.1mm

REMOVE ALL SHARP EDGES

UMLESS OTHERWISE SHOWN

G
DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER

CHECKED

STOCK No.

SHEET Mo. 1

FILE Brake mount bracket.ipt
SCALE 1:1
DATE 17252022
REVISION Mo.

DESIGMED Jonas Janiunas

PROJECT

COMPANY _NCL Mechanical

COPYRIGHT 12572022

NEWCASTLE UNIVERSITY MECHAHNMeBHGINEERING

4
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Appendix B-49: (JJ)

11 Project Report

Vi
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75
|-—-
25
@31.75
]
@10
uy
N X (2
s a Y
]
Quantity: 8 Spring seat
Material : PLA
STOCK Mo.
SHEET Mo. 1
FILE Spring Plate Shaft
End_womd@Chddssembly_v3 wd_vS_vE wTipt
DATE 1073072019
REVISION No.
ALL DIMENSIONS IN mm DESIGHNED Jonas Janiunas
ALL DIMENSIONS £ 0. 1mm CHECKED
UMLESS OTHERWISE SHOWMN PROJECT
REMOVE ALL SHARP EDGES
DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER COMPANY

COPYRIGHT 10/30/2019

NEWCASTLE UNIVERSITY MECHANICAL ENGINEERING
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Appendix B-50: (JJ)

MEC8099: Team 11 Project Report

Vi

Page 218

B4

12

Quantity: 4
Material: S275 steel

Brake shoe mount short

STOCK No.
SHEET Me. 1
FILE Brake shoe mount_ipt

ALL DIMENSIONS IN mm
ALL DIMENSIONS £ 0. 1mim

UMLESS OTHERWISE SHOWN
REMOVE ALL SHARP EDGES
DO NOT ALTER WITHOUT AGREEMENT OF DESIGNE

CHECKED

(CR=

SCALE 1:1
DATE T1M22021
REVISION Mo.

DESIGNED Jonas Janiunas

PROJECT

COMPANY MCL Mechanical

COPYRIGHT 11/12f2021

NEWCASTLE UNIVERSITY MECHAENDNeEHZINEERING

iy
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Appendix B-51: (JJ)

i

\

&0

-
&

Quantity: 4

Material: S275 steel Brake shoe mount

extended
STOCK Mo.
SHEET Mo. 1
FILE brake shoe mount extended.ipt
SCALE 1:1
DATE 11182021
REVISION Mo.

ALL DIMENSIOMNS IM mm DESIGHED Jonas Janiunas

ALL DIMENSIONS £ 0. 1mim CHECKED

UMLESS OTHERWISE SHOWN PROJECT
REMOVWE ALL SHARP EDGES
DO NOT ALTER. WITHOUT AGREEMENT OF DESIGNER COMPANY MCL Mechanical

COPYRIGHT 11/8/2021 NEWCASTLE UNIVERSITY MECHAENMeBHGINEERING

P




Railway Challenge

Appendix B-52: (JJ)

MEC8099: Team 11 Project Report

Vi
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Material: 5275 Steel
Quantity: 4

ALL DIMENSIONS IN mm

ALL DIMENSIONS £ 0.1mm
UMLESS OTHERWISE SHOWN

REMOVE ALL SHARP EDGES

s "y
// ’ ) ‘I\\
J ¢ e
f 3
-4:-‘_; I ?_c_.,x
\}J:-\--- "'\-Eh?‘:-él -II
\ \ >
n
\ gos ¢
STOCK Mo. BO33
SHEET Mo. 1
FILE Brake cylinder bracket.ipt
SCALE 1:2
DATE 111972019
REWISION MNo.
DESIGHNED Jonas Janiunas
CHECKED
PROJECT

DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER

COMPANY NCL Mechanical

COPYRIGHT 114192019

NEWCASTLE UNIVERSITY MECHABHNMEEHGINEERING

iy
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Appendix B-53: (JJ)

MEC8099: Team 11 Project Report

¥

Page 221

Quantity: 4
Material: S275 steel

(LA
]/

@10

custom washer

STOCK No.
SHEET Mo. 1
FILE wazher for motor shaft.ipt

ALL DIMEMNSIONS IN mm
ALL DIMENSIONS £ 0.1mm

REMOVE ALL SHARP EDGES

UMNLESS OTHERWISE SHOWN

DO NOT ALTER WITHOUT AGREEMENT OF DESIGHER

PROJECT

SCALE 1:1
DATE 4152022
REVISION Mao.
DESIGHED
CHECKED

Jonas Janiunas

COMPANY MNCL Mechanical

COPYRIGHT 4/15/2022

NEWCASTLE UNIVERSITY MECHAENDEEEHGINEERING

&




Railway Challenge MEC8099: Team 11 Project Report

Appendix B-54: (JJ)

Page 222

Shoulder diameter

Made to fit 7/8inch motor shaft

. — o
Quantity: 4 Gates 22 tooth sprocket
Motor will be provided
. . STOCK No.
Shoulder diameter is used to SHEET No. 1
. FILE gm-22s-21 EU v2.ipt
machine Vee pulley SCALE 11
DATE 4/26/2018
REVISION No.
ALL DIMENSIONS IN mm DESIGNED Jonas Janiunas
ALL DIMENSIONS £ 0.1mm CHECKED
UMLESS OTHERWISE SHOWN PROJECT
REMOWE ALL SHARP EDGES
DO NOT ALTER WITHOUT AGREEMENT OF DESIGNER COMPANY
COPYRIGHT 4/26/2018 NEWCASTLE UNIVERSITY MECHANICAL ENGINEERING

as
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Appendix B-55: (JJ)

i

Page 223

@ BETWEEM 20um AND 40um

SMALLER THAN SHOULDER DIAMETER
OF 22 TOOTH PULLEY SUPPLIED

Chamfe

AA(1:1)

12

Fillet cormer

radius 0.5mm

r sharp edge 0.5mm

-— A

Quantity: 6
Material: Cast Iron

Vee pulley

STOCK Mo.

SHEET Mo. 1
FILE ‘ee pulley modified.ipt
SCALE 1:1
DATE 10M16/2019

ALL DIMEMSIONS IN mm
ALL DIMENSIONS £ 0. 1mm
UMLESS OTHERWISE SHOWN
REMOVE ALL SHARP EDGES
DO MNOT ALTER WITHOUT AGREEMENT OF DESIGNE

REVISION No.
DESIGMED

CHECKED
PROJECT

Jonas Janiunas

R COMPANY

COPYRIGHT 10/16/2019

WEWCASTLE UNIVERSITY MECHAMICAL ENGINEERING
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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)

v

MEC8099: Team 11 Project Report

Page 225

0 R2
[fs] | —
om :
~
AT O
w
@12

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)
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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)
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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 C: Body
Appendix C-1: Body Drawings (HW)
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INTERNAL WALL MIDDLE RIGHT
F M
FLAT PATTERN
253 40
8
e » R6 R3] @ 4 A
5.3°
&
-
o
. 2 8
765 2 8 140 3
(T2 o~ Q
53
@122 R3 R6
- B Rt
h & o 8
~
[o) o =)
A\ J 2 >,
3
———
293
MATERIAL -
3mm ALUMINIUM ALLOY 6082T6
TO BE LASER OR WATERJET PROFILED FROM
DXF FILE SUPPLIED.
FULL DIMENSIONS MAY BE OBTAINED FROM [Designed by Checked by [Approved by - date Date
DESIGNER Halley Woods | | | |21/1212021 I
FULL SIZE (1:1) FLAT PATTERN SHOWN i
OUTSIDE DRAWING BORDER NCL MeChanlcaI
Engineering Loco Team|intemal wall middle_right | 5 | 5 ;.
QUANTITY: 2 _rg 1 2 /12
INVERTER SHELF
FOLDED MODEL
47
6 q@
@
-
Sl &
—
299
38.25 @52
— FLAT PATTERN
4
* (537.83)
482.39
o
Ll
o 1 L]
o o
. .
4925 i
1
|
MATERIAL - o | °
3mm ALUMINIUM ALLOY 6082T6 o - i o
TO BE LASER OR WATERJET PROFILED 3775 2|7 5
FROM DXF FILE SUPPLIED g
FULL DIMENSIONS MAY BE OBTAINED
FROM DESIGNER
[Designed by [Checked by Approved by - date Date
FULL SIZE (1:1) FLAT PATTERN SHOWN Halley Woods | l I I 31212021 |
OUTSIDE DRAWING BORDER. NCL Mech ical
echanica Invertor Shelf.ipt
QUANTITY: 1 E . . |_ T Edition Sheet
ngineering Loco |eam Inverter Shelf 1 2 12




Railway Challenge

MEC8099: Team 11 Project Report

Page 240
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FOLDED MODEL FELAT PATTERN
3
——t—
(- B R6 | R3 ( )
5.3°
& 3
o~ (=]
g 3 & g
140
R3 R6
-
@122
o
o (o]
N J . 9,
293
40
MATERIAL:-
3mm ALUMINIUM ALLOY 6082T6
TO BE LASER OR WATERJET PROFILED FROM DXF FILE
SUPPLIED.
FULL DIMENSIONS MAY BE OBTAINED FROM Designed by Checked by Approved by - date Date
DESIGNER Halley Woods 511219001
FULL SIZE (1:1) FLAT PATTERN SHOWN OUTSIDE i
RULL SuF (oupa NCL Mechanical i S
. . : dition heet
Quantiy-- 2 Englnee”ng Loco Team|internal wall middle_left | 1 I 2 /2
CONTROL HANGER CHANNEL FRONT
FOLDED MODEL
\
I r [] o o o o o |
19.4 @65
&
\‘5‘ Yy,
™ & @as A°
-
@ [ R3
o .o
@V
25.4
1069.5
ELAT PATTERN
2
o~ o o o o o o o
o LR =
wy
<
2y Les - =
2 o o o o o o o ~
& =~
@x
MATERIAL -

3mm ALUMINIUM ALLOY 6082T6

TO BE LASER OR WATERJET PROFILED FROM
DXF FILE SUPPLIED.

FULL DIMENSIONS MAY BE OBTAINED FROM
DES