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TO: Rajeshree Varma, ME 263 Lab08 Coordinator
Emeka Onwuchekwa, ME 263 Lab08 Assistant
FROM: Sidh Gurnani, sgurnani@purdue.edu
DATE: 30 November 2022
SUBJECT  Deliverable D7: Engineering Models

Purpose: The purpose of this memorandum is to analyze a solution from one aspect to develop an
engineering model, which helps to further understand the design.

Conclusions: An analysis that calculates the shear force and bending moment will help to determine if the
ladder is suitable for the intended application. The ladder that was designed will be able to sufficiently
sustain a user who is 300 lbs, which satisfies one of the requirements and is deemed suitable for use in
that regard.

Process: The first step in the creation of the model was making assumptions to streamline the model.
These are attached below and include things such as neglecting the weight of the ladder. After that, a
simplified drawing was created to reinforce what is being analyzed in this problem. Once the simplified
drawing was created, the free body diagrams were drawn to indicate the forces that are being analyzed.
The summation of the forces in certain directions and moments about certain points yielded derived
equations for the shear force and bending moment diagrams. Once the equations were derived, a
MATLAB script was created to eventually create graphs and process the data analytically. Additionally, a
screenshot from an online calculator is attached to verify the results obtained in the MATLAB script.
Discussion: The team had an expectation that the ladder should be able to comfortably support the weight
of a 300 |b user. The model that was created analyzed the shear force and bending moment that a 300-
pound individual who stood at the center of one of the rungs would exert. With regards to the shear force,
it was relatively straightforward since the person’s weight is considered as a concentrated load. From the
left-hand side to the center of the rung, the result indicated a shear force of 668 Newtons, and from the
center of the rung to the right-hand side, the result indicated a shear force of -668N. This means that if
anyone were to virtually cut anywhere along the left section or the right section, a force that runs parallel
to the vertical cut would yield 668 and -668N respectively. A similar thing can be said about the bending
moment. Due to the nature of the supports at the end, it has a reaction moment, and so at the left-hand
and right-hand edges, there is a -67.8 N-m bending moment. In addition, the bending moment goes up to
a high point of 67.7 N-m at the point where the load is applied before coming back down to -67.8 N-m at
the right-hand side. Overall, the model improved understanding by allowing the team to see how the
loads would be applied on a real ladder such as this one. It is useful to see how the shear force and bending
moment look like, since that gives an insight into stress, strain, and even factor of safety and
understanding when such a material would fail. However, the model is limited because it doesn’t account
for two contact points for two legs that the average college student would have. It is also limited because
it doesn’t account for the weight of the ladder. For further iterations, the team should focus on reducing
the weight of the ladder, since that would allow for more margin with respect to the user’s weight when
designing such a solution.

AR -

Sidh Gurnani

Attachments: Simplifying Assumptions, P-Diagram, Design Variables, Simplifying Model Sketch, Free
Body Diagrams, Step-by-Step Derivation, Final Equations, Engineering Units Equation Validation Check,
Picture of Code Developed, Model Results Graph (in MATLAB), Model Results Graph (from an online
calculator)



Simplifying Assumptions

Wednesday, November 30, 2022 23:40

No load will be applied on the sides of the ladder

o The user will only apply their weight to the rungs of the ladder
User is 300 pounds, which accommodates most types of students
All components that have been modified by rounding are treated as
rectangular to simplify calculations
Weight of the ladder is negligible to the amount of weight that it can
support
All the weight of the user is applied in the center of the rung
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P-diagram
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NOISE FACTORS:
* Ambient temperature of the
environment
* Ambient Humidity

OUTPUT RESOURCES:
= Shear Force
* Bending Moment

INPUT SIGNALS: Foldable ladder compatible with

* Energy (from user’s weight) Bedloft’s system

CONTROL PARAMETERS:
* Size
¢ Material
*  Weight
¢ Geometry
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Design Variables
Wednesday, November 30, 2022 10:20
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Simplifying Model Sketch
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W e

Shown above is a section of the ladder which only shows the rung and the rails. For simplifying the analysis, there is no applied load on the rails.
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Free Body Diagrams
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FBD o4 Cung []h—lunﬂ [orie o\qule.‘J]

Wagee
. N/
(i )"
O vea W F 5Y, »
i v Y N\ Mg
Ao A G| | B

—= W4 = Weight of wiv
—7 \[ = _S\'\o_<r -[:OFLQ
—2> M= \acaé-‘ng V““W\C/“}

b oA
—> A;\,/AD,MA— — (eytiong 000 /L\

= oV 4 B
b, By Mg 5 reaians ab

N 0—)-5.!;
- Jn
-* W naer 'S Oxeflfaé N Ce_n 40T o £ VNG

)k‘ A / B af C ‘ﬂc\r\-l-,_( )\-‘b_L G\(L QJ’—}’HLP\mQ /JO ra"l\)

D7 Page 5



X IAY 0rl B o +couled oo J Piyed e nd

D7 Page 6



Step by Step Derlvat|on
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Final Equations
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Engineering Units Equatlon Validation Check
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Picture of Code Developed
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1 clear
2 clc
3 %% Inputs %%
4 Length = ©.406;
5 Elastic_Modulus = 73.1;
6 Second_Moment_of_Inertia = 2.77*10"(-7);
7 Weight of Person = 1336;
8 Reaction_Force_at Ends = Weight of Person/2;
9 Reaction_Moment_at Ends = ((Length/2)*Reaction_Force_at Ends)/2;
10 x1 = linspace(@,Length/2);
11 x2 = linspace(Length/2,Length);
12
13 %% Calculations for @ < x < Length/2 %%
14 % Shear Force Function
15 V1l = Reaction_Force_at_Ends;
16
17 % Bending Moment Function
18 M1 = -Reaction_Moment_at Ends + V1.*x1;
19
20 %% Calculations for Length/2 < x < Length %%
21 % Shear Force Function
22 V2 = Reaction_Force_at_Ends - Weight_of_Person;
23
24 % Bending Moment Function
25 M2 = M1(1,100) + V2.*x1;
26 %% Graphing %%
27 % Shear Force Graph
28 V1l = linspace(V1l, V1);
29 V22 = linspace(V2, V2);
30 VvV = [V11, V22];
31 Vx = [x1, x2];
32 subplot(2,1,1);
33 plot (vx, V)
34 title('Shear Force Graph')
35 xlabel('Length along Rung (in m)"')
36 ylabel('Shear Force (in N)')
37
38 % Bending Moment Graph
39 M = [M1, M2];
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38
39
40
41
42
43
44
45

% Bending Moment Graph

M = [M1, M2];

Mx = [x1, x2];

subplot(2,1,2);

plot (Mx, M)

title('Bending Moment Graph')
xlabel('Length along Rung (in m)"')
ylabel('Bending Moment (in N-m)")
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Model Results Graph (in MATLAB)
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Model Results Graph (from an online calculator)
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