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Garage Door Opener 
 
G 2 :  E N E R G Y - B A S E D  S Y S T E M S  M O D E L I N G  I N  M O D E L I C A  

TASK 1: DEFINE YOUR GOALS AND PROBLEM DOMAIN  

Scope of design problem 
Our scope of design problem is focus on developing a garage door opener system for homeowner who wants 
maximum power and speed with superior design and the ultimate in conveniences to fit their busy lifestyle. In 
this context, the fundamental objective remains to maximize profit on our new product so that we need to 
maximize command and designer an opener system with fast opening and closing speed besides greater 
reliability than the standard garage door openers of the past. Comparing with previous step, our goal and 
problem domain have not changed and more specifically our scenario of energy-based modeling is: 

We want to model a garage door opener system containing a door that has a weight of 68 kg and 2.5 
m height with the intent to minimize opening and closing time by manipulating characteristics of torsion 
spring and DC motor in condition of using existing components in nowadays market. 

This expression of scenario results from context of the design problem defined in Homework G1 and after a 
further study on simulation problem we add more assumptions and details: 

 We assume that for garage door, mass is distributed evenly 
 As long as door moves along tracks, its mass on horizontal track accumulates proportionally to its 

displacement 
 Friction due to relative movement between rollers and tracks can be negligible since the rolling friction 

coefficient is quite small (less than 0.005). 
 
Concerning the synergy of DC motor and torsion spring, we need to add a worm gear in the operator. Since 
worm can easily turn the gear but the gear cannot turn the worm, it can act as a secondary brake due to 
limited back drivability and somehow protect the DC motor.  

In term of simulations, as opening and closing process have different initial conditions and functions of 
variables we decided to model them separately in Dymola. 

Specific questions to ask about the model 
In order to make our model more efficiency, we need to set up questions in accordance with attributes 
associated with objective. These can be seen in Table 1. 
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Question Answer Measurement Unit Requirement 

Energy consumed Value function of 
time. Get from results 
of simulation 

Power measured 
at battery 

J Minimize the energy 
consumption of 
operation 

Time of opening Total time of opening  

Model measured at 
the end of simulation 

Time measured 
from simulation 
result when mass of 
door moves to 2.5 
m 

s Minimize opening 
time 

Time of closing Total time of closing  

Model measured at 
the end of simulation 

Time of simulation 
result when mass of 
door moves to -2.5 
m 

s Minimize closing time 

Torque of spring Value function of 
time. Get from results 
of simulation 

Torque measured 
at torsion spring  

N.m Minimize closing time 

TABLE 1: QUESTIONS IN ACCORDANCE WITH ATTRIBUTES 

 Influence diagram 
We simplified influence diagram comparing with that of Homework G1 and only take into account the 
elements we will actually consider in our study. So finally we canceled noise and safety since we cannot 
measure them in our study. The modified influence diagram can be seen in Figure 1. 

. 

FIGURE 1: GARAGE DOOR INFLUENCE DIAGRAM 
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TASK 2: SYSTEM AND SIMULATION SPECIFICATION 

System Components 
The garage door opener contains a multitude of parts. The parts that will be included in the model are 
described below: 

• The motor is typically about a 1/2-hp, 6-amp machine hooked to a 120-volt outlet—that’s all it takes 
to overcome the inertia of a stopped door. The machine also slows a door in transit, preventing it from 
crashing to the garage floor. To allow smaller, more efficient motors, most garage-door operators use 
DC current. An inverter switches household AC power to DC. Due to this fact our model will be using a 
DC motor. The parameters for the DC motor will be found from products currently on the market.  

• A worm gear is used to pull up the door. A worm gear is what is used to pull the chain that is 
connected to the door. A typically worm gear for a garage door opener had a ratio of 78:1. 

• The torsion spring, not the operator (or motor), does the heavy lifting. The torsion spring is the most 
important factor when it comes to the opening and closing of the door. Typically there are two 
separate torsion springs made of steel used to open garage door. Our model will also have two 
torsion springs. 

• The garage door in this model will be assumed to be a standard steel door that is 8-ft x 7-ft and 
weighs 300 pounds or 136 kg. 

• Shafts and drums are important components of the door opener. They are what is needed to make 
sure the door can open along the correct patch. 

System Assumptions 
Assumptions will be necessary to reduce the complexity and scope of the design problem. This will allow the 
problem to be modeled in the time frame of this class. 

• We assume that for garage door, mass is distributed evenly 
• As long as door moves along tracks, its mass on horizontal track accumulates proportionally to its 

displacement 
• Friction due to relative movement between rollers and tracks can be negligible since the rolling friction 

coefficient is quite small (less than 0.005). 
• Components such as height adjustment features and drive guides are necessary to make the garage 

door opener work for the customer but will not be needed to make the energy model accurate. 
 

TASK 3: CREATE YOUR MODELS IN DYMOLA 

Operator  
Inside the operator of the garage door opener are many components. They include the motors and gears, 
drive guide, height adjustment and inverter and battery. The height adjustment will not be included since it will 
not affect how the system works. To allow smaller, more efficient motors, most garage-door operators use DC 
current. An inverter switches household AC power to DC. Due to this fact our model will be using a DC motor. 
The DC motor model has the same components as the motor created in homework assignment one but the 
numbers have been changed to match that of a typical garage door opener DC motor. The model can be 
seen below: 
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FIGURE 2: MODELICA MODEL OF DC MOTOR USED 

 

Also, the garage door opener also uses a worm gear. Figure 3 shows an image of a worm gear. 
 

 

FIGURE 3 IMAGE OF WORM GEAR 

 
The worm gear was added to the DC motor in order to have an operator for the garage door opener system. 
The Modelica model can be seen in Figure 4. 

:  
FIGURE 4: OPERATOR FOR THE GARAGE DOOR OPENER SYSTEM 
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All values used for the worm gear and the DC motor were based on the “SWMK 403.033 DC Motor with 
Worm Gear for Garage Door Opener” for the 2 bar system. In order for the operator to work correctly, it 
must stop the door when it has opened far enough and then stop the door when it is closing. In order to make 
this happen the following lines were added into the program: 

if mass.s>=2.5 then 

terminate("Door Open"); 

end if; 

The group could not figure out a way to make the model have a stop to open the door and then close the 
door so instead there are two separate simulations that will be run. One model will just open the door and the 
other will just close it. The files will use the same parameters just have different stopping criteria.  

Torsion Spring System 
An important part of the garage door system is the springs. The garage door works as a counterbalance 
system, most of the heavy lifting is done by the springs while the operator does most of the work for the 
opening and closing of the door.  Typically garage doors use either extensional or torsion springs. In this 
design torsion springs are being used. Torsion springs are usually mounted horizontally above the door 
opening. One end of the spring is attached to the stationary wall with a bracket. The other end which rotates 
freely is fixed to the horizontal cylindrical shaft over which the spring rests. As the shaft rotates a drum on 
either end also rotates, this drum has cables attached to it which go down to the door's bottom corners. When 
the door moves down these cables cause the springs to wind up. The winding of the springs energizes the 
system, the springs unwind when the door opens this energy transfer to the door helps lifts it [1].Garage doors 
can come with either one torsion spring or two. The present design use two springs which together help lift the 
doors weight. 

The important components of the torsion spring system include: 

1. Two torsion springs 
2. Shaft  (torsion tube) 
3. Two cable drums 
4. Cable 
5. Mass of door 

Eventually this subsystem must integrate with the other components of the garage door system. In addition to 
the spring the door is also pulled up by the operator motor. The parameters used for the different parts 
(dimensions, materials etc) for the torsion spring system were taken from actual components existing in the 
market. 

Torsion spring: 

Most garage torsion springs are made of steel. The formula used to calculate the spring constant is given in 
Equation 1 which determines the rate per 360°            
 

 (R) = Ed^4 / 10.8 DN Equation 1 
                                                                                                                                                           
d = wire size (inches) 
D = Mean Diameter (inches)  
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N = Number of active coils  
R = Rate per 360 degrees 
Spring constant was value was verified using the following online source for industrial spring constant 
calculations: 

http://www.acxesspring.com/spring-constant-calculator.html 
 

Shaft and drums: 

The overhead shaft is made of steel and its reference is given in the table below along with the compatible 
cable drums. The cable drums along with the shaft were used to calculate the inertia using Equation 2. 
 
 

 
𝐼 =

𝑚!𝑟!!

2 + 2 ∗
𝑚!𝑟!!

2  Equation 2 

 
Where 𝑚1=mass of shaft, 𝑟1=radius of shaft, 𝑚2=mass of drum, and 𝑟2=radius of drum. In Table 2 the 
parameters of components used in the torsion spring model along with their reference can be seen.  

 
Component Detail reference 
spring 0.262 inch wire diameter, 2 

inch inside diameter,32 inch 
long,178 turns, constant of 1.1 

[1]http://www.prodoorparts.com/garage-door-springs/ 

shaft 1” diameter  8 ft long mass of 
6.2 kg[2] 

[2] http://www.alibaba.com/product-
gs/1130356424/garage_door_solid_shaft_sectional_door/showimage.html 

Cable drum 4” inch diameter , 1inch inside 
diameter,0.3 kg mass [3,4,5] 

[3]http://ddmgaragedoors.com/parts/cable_drums.html 
[4]http://www.allaboutdoors.com/product_info.php?cPath=84_413&products_id=
22350&osCsid=79478d1af616d114fec5236b2083bf56 
[5]http://www.homedepot.com/p/Prime-Line-Left-Hand-Black-Torsion-Spring-
Cable-Drum-GD-12222/202633636?cm_mmc=shopping-_-googleads-_-pla-_-
202633636&skwcid&kwd=&ci_sku=202633636&ci_kw=&ci_gpa=pla&ci_src=1
7588969#.UlWo_VDksnI 

TABLE 2 DETAILS OF COMPONENTS USED IN TORSION SPRING MODEL 

 

Mass 

The mass of the garage door was also important component. The effect of gravity was also incorporated into 
the model by changing the equation in the mass component of the Modelica model: 

m*a = flange_a.f + flange_b.f-m*9.81; 

Also the mass being pulled against gravity varies as the garage door is pulled up. For the purpose of this 
simulation the garage door mass was varied linearly with distance travelled. To do this the mass was made 
variable and a linear equation with parameter ‘s’ which represents position was set. This had to be done 
separately for the opening and closing model since s was negative in closing and positive in opening .Also the 
mass increases linearly with distance travelled during closing from an initial small value and decreases linearly 
with distance travelled to an eventual small value: 

Closing model mass relation:       -49.76*s+13.6   where s goes from 0 to -2.5m 

Opening model mass relation:     -49.76*s+136    where s goes from 0 to 2.5m 
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The spring damper component has incorporated into it the effect of spring damping resulting from the 
movement of the spring coils relative to each other. Since two torsion springs are used two separate paths to 
the mass were modeled. Ideal rolling wheel was used to model the drum radius. The inertia component was 
used to model the inertia of the shaft plus the drums. The completed model of the torsion spring subsystem can 
be seen in  

Figure 5 

 
 

 
 

FIGURE 5 MODEL OF TORSION SPRING SUBSYSTEM 

TASK 4: VERIFICATION 

Operator 
To verify that the operator was strong enough to open the door and it was stopping correctly simulations were 
done investigating the position of the door, which is represented by a mass, over time. The results from the 
door opening can be seen in Figure 6 and the results from the garage door closing can be seen in Figure 7. 
The 0 position is when the door is against the ground and 2.5 meters represents the door being fully open. 
Since the motor is working by itself with a constant voltage you can see the linear relationship of the door 
opening. You can also notice in the two different tests that the opening and closing is done at the same speed. 
This is due to the fact that the mass in this model has no gravity in it. The operator was the first component of 
the system to be modeled, the correct mass will be incorporated into the model later in this paper. 

idealRollingW?

speedSensor

v

positionSensor

s

idealRollingW?

inertia

J=0.000625

inertia1

J=0.000625 d=0.3

springDamper

c=2

d=0.3

springDamper1

c=2
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FIGURE 6: SIMULATION RESULTS OF THE GARAGE DOOR OPENING 

 

FIGURE 7 SIMULATION RESULTS OF THE GARAGE DOOR CLOSING 
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Torsion Spring System 
The mass model was verified by simulating just the mass with no input. The acceleration of a mass of 136 Kg is 
given below. It is 9.81 m/s2 which is the acceleration under free fall therefore the effect of gravity was 
correctly incorporated. The results of the simulation can be seen in Figure 8. 

 

 

FIGURE 8 MASS MODEL VERIFICATION 
 

To verify the action of the torsion spring the model was run with a zero damping coefficient and an initially 
wound springs (-2700°) under action of constant mass. The results of the simulation can be seen in Figure 9. 

 
                                                               FIGURE 9 MASS OSCILLATING UNDER ACTION OF INITIALLY WOUND SPRING 

 

Since the damping is zero the door oscillates due to the initial torque of the wound spring. As damping is 
increased (below) it reaches steady state where the torque also assumes a constant value. This is the point 
where balance is achieved between mass and spring. This mimics the opening of a door. For a closing door 
the initial winding angle is much smaller however the principle is identical and the spring is shown to work in 
that situation as well. 
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FIGURE 10 SPRING ACTION VERIFICATION UNDER DAMPING 

TASK 5: EXPERIMENTATION AND INTERPRETATION 
After verified the individual components and integrated the whole systems, the final modeling system can be 
seen in Figure 12. The motor and spring model acting parallel to the door meaning pulling or pushing the 
door at the same time as in real system. The idealRollingWheel represents the drum that pulls the cable of the 
door.  

 

FIGURE 11 MODIFIED TORSION SPRING MODEL FOR INTEGRATION. 
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FIGURE 12 FINAL MODELICA MODEL OF THE GARAGE DOOR OPENER SYSTEM 

The first simulation investigation on the model looks at the speed of the door doing closing and opening.  

Figure 13 shows the results from “case 1”. In case 1 the following parameters were used: Voltage = 12V, 
Spring Constant 1N.m/rad and Damping Constant 0.3N.m.s/rad. These parameters resulted in an opening 
time of 9.57 seconds. 

 
 

FIGURE 13 OPENING TIME OF THE DOOR FOR CASE 1 

Figure 14 shows the results from “case 1” but for closing instead of opening. The door closes in 7.67 seconds 
which is almost 2 seconds faster than the opening speed. This is because gravity is now helping the door’s 
mass instead of fighting against it.  
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FIGURE 14 CLOSING TIME OF THE DOOR FOR CASE 1 

Figure 15 shows the results from “case 2”. In case 2 the following parameters were used: Voltage = 12V, 
Spring Constant 1.3N.m/rad and Damping Constant 0.3N.m.s/rad. These parameters resulted in an opening 
time of 7.5 seconds. This is over 2 seconds faster than the opening time of the door with a spring constant of 
1.1 N.m/rad. 
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FIGURE 15 OPENING TIME OF THE DOOR FOR CASE 2 

Figure 16 shows the results from “case 2” but for closing instead of opening. The door closes in 15.52 seconds 
but the door only reaches -2.36m and not close fully. Due to the high spring constant, the force of the spring 
gets too large that the motor isn’t able to push the door down. 
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FIGURE 16 CLOSEING TIME OF THE DOOR FOR CASE 2 

Figure 17 shows the results from “case 3”. In case 3 the following parameters were used: Voltage = 12V, 
Spring Constant 0.8N.m/rad and Damping Constant 0.3N.m.s/rad. These parameters resulted in an opening 
time of 17.5 seconds. Compared to Case 1, the slower opening time shows that the spring is not strong enough 
to pull up the door and motor does lots of work on lifting. 

 

 
FIGURE 17 OPENING TIME OF THE DOOR FOR CASE 3 
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Figure 18 shows the results from “case 3” but for closing instead of opening. The door closes in 5 seconds. 
When compared to Case 1 closing, the faster closing time shows that the spring is not strong enough to slow 
the door from dropping and closing. 

 
FIGURE 18 CLOSING TIME OF THE DOOR FOR CASE 3 

Figure 19 shows the results from “case 4”. In case 4 the following parameters were used: Voltage = 24V, 
Spring Constant 1N.m/rad and Damping Constant 0.3N.m.s/rad. These parameters resulted in an opening 
time of 6.4 seconds. Compared to case 1, the time is shorter due to faster motor that allows the door lift 
faster. 
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FIGURE 19 OPENING TIME OF THE DOOR FOR CASE 4 

Figure 20 shows the results from “case 4” but for closing instead of opening. The door closes in 4.35 seconds. 
When compared to case 1 closing, the time is shorter due to faster speed of the motor that allows the door to 
drop and close faster. 
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FIGURE 20 CLOSING TIME OF THE DOOR FOR CASE 4 

 
 
 
Figure 21 shows the results from “case 5”. In case 5 the following parameters were used: Voltage = 24V, 
Spring Constant 1.3N.m/rad and Damping Constant 0.3N.m.s/rad. These parameters resulted in an opening 
time of 7.5 seconds. When compared to case 2 opening and case 4 opening, this result make sense that with 
higher voltage the motor is faster that makes the door lift faster. 
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FIGURE 21 OPENING TIME OF THE DOOR FOR CASE 5 

Figure 22 shows the results from “case 5” but for closing instead of opening. The door closes in 6.27 seconds. 
When compared to case 2 closing and case 4 closing, this result is a lot better and make sense that with 
higher voltage the motor is able to overcome the high torque of the spring at the end. 
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FIGURE 22 CLOSING TIME OF THE DOOR FOR CASE 5 

Over all, the best spring constant falls in between 1~1.3 which provides almost equally time for opening and 
closing. The torque isn’t too strong to prevent the door to close, and isn’t too weak to lift the door. Another 
concern is the energy consumption of the motor. As shown from the results, the 24V battery provides faster 
speed for the door; however, it consumes more energy. Ideally, based on speed perspective, the spring 
constant 1N.m/rad with 24V battery is the best option that provides opening time=6s and closing time=4s, 
moreover, which speed is reasonable and isn’t too fast to cause dangerous.   

TASK 6: LESSONS LEARNED 

Operator 
When designing the operator I originally tried to reverse engineer a system. I know the motor should be 
about 1.5 horse power and then I used this information to try to make a correct motor. It was very challenging 
trying to get the correctly values when I had no idea. I luckily found a DC motor spec sheet which gave me the 
values I needed. However, when I used these values originally the door was opening too fast and I could not 
figure out why. I tried changing the numbers but then found out my error was I had forget to put gravity into 
my mass. When gravity was added to the mass the results seemed more reasonable. They still seem fast but I 
had to assume that it will slow down when friction is added in. If I were to do things differently I would have 
had the friction model completed first so it would be easier to see how accurate my results are. The main 
lesson I learned is that you cannot just use guess and check when designing a motor, spending the time to 
research and see what is commonly used is a much better starting place. 
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Torsion Spring System 
Finding the appropriate spring constant to use was very dependent on the final integrated model. There was 
such variety of springs available in market (with a range of spring constants) that a separate study of the 
spring constants had to be carried out.  Also the damping ratio for the spring was kept large. The reason was 
the absence of outside friction being included (roller friction) therefore the spring damping coefficient was 
used to compensate for this. Finally during the course of the modeling linearly varying mass it was realized 
that two different mass models would have to be made for the opening and closing of the garage. Infact 
since the initial spring winding was also different in each case opening and closing had to be modeled as 
separate systems with identical components but different initial conditions 

Integration 
The integration didn’t cause too much trouble when combining sub-models since each model was tested to run 
successfully before integration. It makes me realize how important and useful the verification step in modeling 
process is. However, it still takes some time to tweak each parameter in order to match between each other’s 
and make the result correctly. The biggest issue was that, originally, we assume the door as a point mass 
model and spent some time figuring out the door stopping at half way. Then, we realize that the torsion spring 
should not lift the part of the door that’s lifted to the horizontal rack. It also teaches us that over assumption 
will make the modeling very inaccurate.  

Before starting modeling the system, we were thinking using bigger motor with bigger spring will make the 
speed of the door optimize. However, we didn’t think of the situation that when the spring is too strong the 
door will not be able to close. That was a new thing we learn about the behavior of the system. If I were to 
create another simulation model, I would follow the same process from modeling parts, validation, and 
integration, but with more complicated concerns instead of over assumption many things. 

TASK 7: PROJECT WEB-PAGE 
A short paragraph has been added to our project web-site. Our initial web page has been created 
and can be found at the following web address: 

http://www.srl.gatech.edu/education/ME6105/Projects/Fa13/kdwcbfas/ 
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