
2.810 – Homework # 1
Revised Sept 2, 2013

1.1: Understanding Engineering Drawings/Process Plans

a) Please explain the “feature control frames” in the engineering drawing for the connecting 
link, Fig. 1.1 (attached at back).

b) Sketch (hand sketch is OK) an isometric view of this part.

c) What machining processes (beyond turning and milling) might be needed to meet the 
requirements given in the feature frames?

d) What does the notation “MATERIAL:Drill Rod:RC 48-52” mean?  How will this affect the
process?

e) Write a process plan to make a peanut butter and jelly sandwich.  How would it change if 
you had to make peanut butter and jelly sandwiches in high volumes?

Refer to Part Drawing of Connecting Link at the end of this handout and Geometric Tolerancing 
Explanations as a pdf with lecture #1 on the class website.
 

1.2: Relating Process Behavior to Engineering Fundamentals

a) Solids

σ= F / A0

σ2

σ1

ε= (L - L0) / L0

ε2ε1

L0 L

Fig. 1.2 Engineering Stress – Strain Diagram
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Consider the tension test of a specimen with original dimensions L0 and A0 shown in Fig. 1.2.   
Please identify the following items;

1. stiffness,
2. yield strength,
3. ultimate strength,
4. permanent extension just before failure.

Please answer the following questions;
5. How would the diagram change if we used σ = F / A, where A is the current area of the 

sample rather than the original area?  Please redraw the figure using σ = F / A.
6. Now consider a tension test for an aluminum alloy connecting rod as shown in Fig. 1.3.

Fig. 1.3   Connecting Rod

Assuming failure is in the central section, similar to the tension specimen; how would the stress 
strain diagram change if one sample was machined and another was cast?  Or if one sample was 
machined and the other was forged?  
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b) Fluids

Consider the constant shearing of a viscous fluid in a gap of dimension “h” as shown in Fig. 1.4.

Fig. 1.4  Viscous liquid in gap “h”

Here a top plate of area A is pushed with a Force F to maintain a velocity v.  (This situation could
be produced by the rotation of one cylinder inside another with a liquid in the gap, assuming the 
gap to diameter ratio is small.)

1. Please define the Newtonian viscosity µ.
2. How does this value change if the temperature is increased ?
3. Would µ change a) linearly with temperature,

b) more than linearly or
c) less than linearly ?

4. Now consider pushing this fluid with viscosity µ through a tube at constant rate v.  How
would the pressure drop ∆p along the tube vary as a function of tube diameter ?

c) Heat

Consider the adiabatic heating of a fixed mass “M” of a metal in an inert atmosphere as shown in 
Fig. 1.5
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M q 

Fig 1.5  Heating of mass “M” at a constant rate, dq/dt = constant

1) If heat is supplied at a constant rate (dq/dt  = constant), please describe how the 
temperature would change by plotting the temperature vs. the heat input q.
2) Please also sketch how the total volume of the fixed mass would change as the part is 
heated from room temperature to the molten state (assuming the liquid metal is contained).

d) Process Classification

Using the classification system discussed in class (see Paper by Dave Hardt), please classify the 
following processes: 

(1) extrusion,
(2) sintering,
(3) stereo lithography,
(4) swaging,
(5) arc welding,
(6) die casting,
(7) forging,
(8) thermoforming,
(9) injection molding,
(10) reaming

e) Energy Calculation

Make order of magnitude estimates of (1) the minimum required energy per unit volume 
(J/mm3) and (2) the minimum energy cost per unit weight ($/lb) when removing material 
by:

(1) plastic deformation (e.g., turning, but ignoring friction),
(2) melting,
(3) vaporization.
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Consider two materials:  mild steel ($0.36/lb) and aluminum ($2.27/lb).  Assume that the 
cost of energy is $0.10/kW-hr.  Other physical data that might be of use are given in 
Table 1.  How do the energy costs for the processes listed above compare to the material 
costs ?

Table 1.  Selected Material Properties

Y (MPa) ρ
(kg/m3)

c
 kJ/kg·K

Tm (K) Tv (K) ∆Hm
(kJ/kg)

∆Hv
(kJ/kg)

Steel 2000 8000 0.5 1773 ~3134 270 6259

Aluminum 330 2700 0.9 933 ~2773 400 10,900

1.3: Basic Understanding of Time, Rate, Cost, Quality, and Flexibility.

a) The two systems shown in the Figure 1.6 represent serial and parallel arrangements of unit 
processes, each with processing times of t.  Each of the unit processes handles only one part 
at a time and there is no waiting, transport, or inspection time.  Please give L, W and λ for 
each system (refer to Little’s Law in handout)..

t t

t

t

a) Serial 
    Processes

b) Parallel 
    Processes
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Fig. 1.6 Unit processes in series and parallel

b) If the cycle time to make one injection molded part is t, please explain the advantage of a 
multi-cavity die using Little’s Law.

c) For a given factory with in-process inventory Lf and lead time Wf, what does Little’s Law 
suggest for increasing the production rate λf?

d) If 5,000 parts are required in 3 months what is the Takt time?
e) Can you give a physical analogy to Little's Law.  
f) When a system is not in steady state

λ in − λout =
∆L

∆t

What does this mean for a factory?

g) Consider the cost data given below for the processing of automobile fenders. 

Stamped Steel Molded Composite
Tooling:  $1.0M Tooling:  $0.5M
Cycle Time:  10 sec. Cycle Time:  1 min.
Number of Operators:  2 Number of Operators:  1
Labor Rate:  $25/hr. Labor Rate:  $25/hr.
Mat'l Wt.  7 lbs. Mat'l Wt.  6 lbs.
Mat'l Cost:  $0.35/lb. Mat'l Cost:  $1.00/lb.

You have an order to make 50,000 fenders.  If these are the only costs, which method
should you choose?  What if the order is increased to 300,000?

h) Using a statistical table please verify that Cp = 0.50 corresponds 13.4% out of spec. and that 
Cp = 0.90 corresponds to 0.7% out of spec. 

i) Consider the case shown graphically below, where USL corresponds to µ + 3σ.
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Does Cp make sense in this case?  What percentage of parts are out of specification?

j) The set-up cost for a machine is Csu, the processing cost per unit is V,
hence the total processing cost is

C = Csu + N ⋅ V

Assume that these N parts go to a store where they are sold over a period of  time T.  
There is a cost to keep these parts in the store, it is I per part, per unit time.  Hence if the parts are

sold evenly during the period T the Inventory cost is 
NTI

2
.

Now consider the alternative where we instead supply the store with N/2 parts at T/2 intervals, 
hence we will set-up twice to do this.

1)  Please write down the total costs (set-up, processing and inventory) for the two cases.

2) When generalized, this is is the "economic order quantity" problem, or EOQ.   The idea is
to find the right batch size to trade off set-up costs with inventory costs.  If we generalize the 
batch size as B = N/n (rather than N/2), can you find the optimum batch size to minimize cost?
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1.4: Process Control.

a) In his article, Dave Hardt outlined three different control regimes.  What are they?  

b) Please classify the following control events according to these regimes: 
1) inspection of  incoming material, 
2) monitoring for tool breakage, 
3) controlling the ambient temperature in the machine shop, 
4) warranty repair, 
5) poke-yoke inspection, 
6) SPC, 
7) process simulation, and 
8) design of experiments parameter optimization.

Refer to Manufacturing Processes and Process Control  by David Hardt.
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Fig 1.1 Part Drawing of Connecting Link
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