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Opportunity 

It is often hard for people to pour the perfect glass of beer. It requires an amount of 
dexterity and timing that many people do not have the patience for and even when someone 
does achieve the perfect pour it can be hard to replicate. With our Perfect Beer Pour machine, 
we aim to make this task easy and consistent. 
 
High Level Strategy 

The main functionality that we wanted to achieve with this machine was replicating the 
path a bartender would go through when pouring a glass of beer so we could have the perfect 
beer pour. Initially, we wanted to use a weighted sensor to tell the machine when to stop pouring 
the beer in addition to changing the angle of the glass to match the perfect pour angle. While 
our realized product does change the angle of the glass as well as imitates the human motion of 
pouring a beer, it does not use a weighted sensor, and instead uses limit switches to tell the 
machine when to stop moving the bottle. We also initially thought of using a linear actuator to 
pull the bottle up its path but switched to a linkage mechanism for simplicity. With our linkage 
mechanism driving the path of the bottle and our smaller motor doing a PI control of the cup, we 
were able to achieve our perfect beer pour. 

 
Photos of Physical Device 

Function Critical Decisions 
For the motor selections, the worst-case scenario is estimated, where the filled beer 

bottle is 556g. The length of the moment arm is measured to be 34.2cm. The calculated 
maximum torque is 0.556*34.2 = 19.0152 (kg*cm). Considering the friction which cannot be 
measured in the design phase, with the linkage power loss, fixture weight, and the extra load 
caused by the misalignment of the shaft, a conservative estimation is 50% higher. Therefore, 



the conservative maximum torque required would be 28.52 kg*cm. The unit kg*cm is used 
instead of Nm because the motor datasheets usually use kg*cm and lbs*in. Based on this 
measurement, the compact square-face DC gear motor is selected (24V, 47rpm, 28 in-lbs or 
32.26 kg*cm). This motor is sufficient to power the fully loaded linkage, in sacrifice of the 
rotational speed. By estimating the motion speed in the manual perfect pouring video, an ideal 
speed would be around 120 deg/sec, around 20 rpm, which is half of its no-load speed. 
Therefore, this motor (McMaster ID: 6409K27) has an ideal balance between torque output and 
flexibility in rotating speed. 

Also, the square compact motor has its own metal housing and bearing for the shaft, 
with an overhung load of 13lb, which is 
nearly 10 times larger than the possible 
radial load in operation. 

For the jar-motor system, we 
calculated the maximum torque on the 
bearing of the system using the average 
weight of the jar, Fjar = 0.443*9.8=4.341 
N. The average weight center of the jar 
was estimated at a 2cm horizontal 
distance away from the bearing. Using a 
conservative estimation, the maximum 
torque was calculated as Tjar = 
1.5*4.341*2 = 13.023 N-cm = 1.327 
kg-cm. The torque is less than half of that of the bottle-motor system, allowing us to use a motor 
within a reasonable price range. 

 
Based on the torque estimation, we selected Pololu #4757, with 3.0kg*cm stall torque 

and 1600 rpm no-load speed. In this case, a 
motor housing needs to be designed to 
protect the motor shaft. After inputting the 
housing dimensions, a free body diagram of 
the housing shaft is drawn as follows.  

 
To calculate the bearing forces R3 

and R4, the free body diagram is drawn as 
shown above. The force and moment 
balance equations are used to solve for the 
reaction forces. Summing moment of the 
system: 

 
Both of these radial loads are far smaller than the load tolerance of bearing (57155k305), having 
330lbs dynamic load capacity and 120lbs static load capacity. 
 
 
Reflection 

We should have considered fabricating more prototypes instead of assuming that our 
final fabricated part will be perfect and be exactly what we wanted. Doing more prototypes 



would have allowed us to see the flaws in our design and would have saved us time that we 
instead spent trying to reconfigure or fix parts that we ended up replacing anyway. Additionally, 
we should have anticipated that when combining the code and the actual physical machine, 
there could be some flaws and errors. We should have allowed more time for us to debug and 
fix that instead of figuring out that there were problems at the last minute. We also should have 
used a motor with an encoder to drive the bottle linkage for a more precise motion. Overall, the 
project opened our eyes to how all these different aspects of engineering that we have learned 
about in separate classes come together to create a single physical thing. It was also interesting 
to learn how many aspects come into building something on a tight budget. 
 
Circuit Diagram 

 
State Transition Diagram 



Appendix A: Bill of Materials 
 

Name Quantity Cost  
per unit 

Part No. Link 

Flanged Ball Bearing 2 6.42 57155K305 https://www.
mcmaster.co
m/flanged-bal
l-bearings/fla
nged-ball-bea
rings-7/ 

Belleville Disc Spring 
for Ball Bearings 

2 3.76 for 10 94065K26 https://www.
mcmaster.co
m/catalog-12
8%2f1441/ 

316 Stainless Steel 
Round Shim 

2 8.63 for 10 97022A372 https://www.
mcmaster.co
m/catalog-12
8%2f3568/ 

One-Piece Clamp-On 
Shaft Collar 

2 3.43 6435K12 https://www.
mcmaster.co
m/catalog-12
8%2f1359/ 

Miniature Drive Shaft 
(¼’, 4’ long) 

1 4.49 1327K114 https://www.
mcmaster.co
m/catalog-12
8%2f1263/ 
 

Helical Flexible Shaft 
Coupling 

1 59.97 2464K2 https://www.
mcmaster.co
m/catalog-12
8%2f1374/ 

Set Screw Shaft 
Coupling 

1 61.34 9861T722 9861T722 
https://www.
mcmaster.co
m/9861t722/ 

Metal Gearmotor 
37Dx65L mm 12V 
with 64 CPR Encoder 
(Helical Pinion 

1 51.95 4757 https://www.p
ololu.com/pro
duct/4757 



Compact 
Square-Face DC 
Gearmotor 

1 62.74 6409K27 6409K27 
https://www.
mcmaster.co
m/6409K27/ 

Flanged screw (M3 
6mm) 

6 5.04 for 100 97654A674 https://www.
mcmaster.co
m/catalog-12
8%2f3327/ 

Laser acrylic panels 

2 22.00 N/A Machined 

Formlabs - 
Engineering - Tough 
2000 Resin - Form3 
Print Material (priced 
per ml) 

About 1000ml .21 per ml N/A https://store.j
acobshall.org
/products/for
mlabs-engine
ering-tough-2
000-resin-for
m3-print-mat
erial-priced-p
er-ml 

Washer (M5) 

8 4.00 for 100 98689A114 https://www.
mcmaster.co
m/catalog-12
8%2f3544/ 

Screw (M5*0.8 
14mm)   

8 10.01 for 25 92095a211 https://www.
mcmaster.co
m/92095a211
/ 

Hex nut (M5*0.8) 

8 4.05 for 100 90592A095 https://www.
mcmaster.co
m/90592A09
5/ 

Spacer: Male-female 
standoff (51mm, 
M5*0.8) 

16 6.00 98952A430 https://www.
mcmaster.co
m/catalog-12
8%2f3595/ 

6063 Aluminum 
Low-Profile Binding 
Barrels and Screws, 

1 17.03 for 50 93121A337 https://www.
mcmaster.co
m/93121A33
7/ 



8-32 Thread Size, for 
5/8"-7/8" Material 
Thickness 

063 Aluminum 
Low-Profile Binding 
Barrels and Screws, 
8-32 Thread Size, for 
1-1/4"-1-1/2" Material 
Thickness 

3 12.51 for 25 93121A350 https://www.
mcmaster.co
m/93121A35
0/ 

Limit Switches 

2 5.99 for 10 N/A https://www.a
mazon.com/
HiLetgo-KW1
2-3-Roller-Sw
itch-Normally/
dp/B07X142
VGC/ref=sr_
1_1_sspa?cri
d=2OCDBJN
FOX10I&key
words=limit+s
witch&qid=16
68031870&s
prefix=limit+s
witc%2Caps
%2C225&sr=
8-1-spons&p
sc=1 

20 cm Steel ½-13 rod  

2 8.14 99065A402 https://www.
mcmaster.co
m/99065A40
2 

17cm steel ¾” pipe 

2 10.86 7750K112 https://www.
mcmaster.co
m/7750K112 

Heat sets 

    

½-13 hex nuts 

6 12.60 for 10 94575A470 https://www.
mcmaster.co
m/94575A47
0 



PLA cup holder 

1 6.12 N/A 3D Printed 

PLA bottle holder 

1 3.20 N/A 3D Printed 

PLA secondary 
linkage 

1 5.59 N/A 3D Printed 

PLA DC motor 
housing 

1 7.34 N/A 3D Printed 

8mm Flange couplers 
connector 

2 9.99 for 2 N/A https://www.a
mazon.com/d
p/B0822425T
T/ref=cm_sw
_r_api_i_9M
NQYJ44M8D
3WWPG6K7
P_0?_encodi
ng=UTF8&ps
c=1 

Total: $419.40 
 
Appendix B: CAD 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix C: Code  













 
 
 

 
 


