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Abstract: 

Our work is to design an automatic and intelligent medicine box to help 

most people to take the medicine easily, especially for the arthritis, the 

elderly, the forgetful people and the kids. First, five different structures 

have been designed by CAD Inventor software. One of them, which can 

be carried out the most easily in reality, has been chosen to complete 

with a dynamic system. Considering the characteristic of medicine, there 

are two schemes in the structure designs are ideal. Several calculations 

have been done by ABAQUS software to help the further design. At last, 

according to the different ages, personalities of potential users, six 

schemes of appearances have been designed by PHOTOSHOP software. 

This work has been designed a complete automatic medicine box (not 

include the signal part) with several appearances, and got several useful 

data from calculation to help designing a more intelligent medicine box. 
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1 Notation 

a   Crack length 

h   Function depending on geometry and type of loading 

KⅢ   Fracture criterion in Mode Ⅲ 

KⅢC  Fracture toughness  

      Remote stress 

 

Abbreviations  

Al         Aluminium 

CMYK     Color model about cyan, magenta, yellow, and key black 

LDPE      Low-density polyethylene 

 



 

 6 

2 Introduction 

According to statistics, in Sweden, the proportion of aged over 65 is as high 

as 17% in 2009, and this proportion will rise to 23% in 6 years. [1] The data 

above obviously shows us that the aged has already become the major 

consumer of the medicine. And there are many problems show up, such as 

the medicine are too small to pick out from the blister pack, the words on 

the package is too small to see and so on. Arthritis is predominantly a 

disease of the elderly, but young people can also be affected by the 

disease.The one suffering from rheumatoid arthritis, which can affect the 

hands, is difficult to take the medicine out. Moreover, the stresses and quick 

life speed make many people to miss the correct time to take the medicine, 

which may decrease the curative effect. So these problems should be 

seriously treated.  

To meet these needs, there are several kinds of medicine boxes appeared in 

the market. These medicine boxes can store the medicine based on doctors' 

suggestions and the printed label on the boxes can prompt users to get 

medicine on correct time. One example of a medicine box is shown in the 

Figure 2.1, which we bought in the market. The box packs the medicine 

according to the dosage every time. Pull only one column of the box, which 

can be seen in the figure. According to the dosage of one week, the box is 

divided into 7 columns, and each column has 4 cells to morning, lunch, 

evening and night. One can move the cover of the column and get the 

medicine from the cell. The disadvantage is users cannot get more detail 

information about the medicine they take. The other example is a round 

shaped medicine box, which can be found in Figure 2.2 and 2.3. When 

users want to take the medicine, they can open the plastic cover and turn the 

cells to the correct time. The disadvantage is there are only seven cells, 

which means this kind of medicine box only satisfies the users who take the 

medicine one time one day. 
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Figure 2.1. An example of a medicine box. 

 

 

Figure 2.2. A medicine box with round shape. [2] 
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Figure 2.3. A part of the medicine box. [2] 

The aim of our work is improving the structures of the medicine box to be 

more convenient by introducing an automatic part and also be possible to 

further create an intelligent package be introduced IT technology. Finally, 

calculations about our design in order to get the proper force to push the 

medicine out from the blister pack.  



 

 9 

3 Structural Design 

From the investigation, we found that getting the medicine from bottle is 

easier for Arthritis. To get an ideal product, we divide the work into three 

parts: structure, dynamic and appearance. 

To make the box stable, the whole shape of the box is cuboid too. Then we 

put a bottle in the box and changed the inner structure. 

3.1 Scheme 1 

The medicine box must have the function that users can get the medicine 

every fixed time. To make it automatic, we added a disc which can rotate a 

fixed angle in a fixed time. And according to the dosages for a week, we 

assumed the dosages were three times one day. To avoid making mistakes, 

we added one cell. After all the medicine is taken away, the disc reset to the 

original state. Then we divided it into 21+1 sector parts to store medicine. 

The rotating disc can be seen in figure 3.1. Then, there was a force which 

can push the medicine into the middle hole which we would put a bottle in. 

After the medicine fell into, the bottle would rise up. The dynamic design 

will be discussed in the chapter 3.2. And the whole structural design can be 

seen in the figure 3.2. 
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Figure 3.1. The rotating disc in the scheme 1. 

 

Figure 3.2. The structure of scheme 1, not include the bottle and the cover. 
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This automatic medicine box was more convenient, but we found that the 

closer to the centre, the smaller of the exit width. The length of capsules 

could up to 15 mm. To prevent the capsules from being stuck, the width of 

the exits must be longer than 15 mm. But this would make the medicine 

box or the middle bottle too big. In the figure, the dimension of the middle 

bottle is 130 mm and the length of the box is 280 mm.  

3.2 Scheme 2 

For solving the problem in the Scheme 1, we changed the sector parts of the 

rotating disc to 8 parts and every part was divided into 3 cells. The rotating 

disc can be seen in figure 3.3. 

 

Figure 3.3. The rotating disc in the scheme 2. 

And using the same way, this disc could rotate a fixed angle in a fixed time 

and there was a force at the same place pushing the medicine which stored 

in the disc into the middle bottle. The whole box can be seen in the figure 

3.4. 
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Figure 3.4. The structure of scheme 2, not include the bottle and the cover. 

But we found that the baffles blocked the medicine to be pushed into the 

middle bottle. We only could push the medicine closer to the bottle into it. 

If we used this scheme, the dynamic design would be very complex to 

make the baffles before the medicine dropped down. 

3.3 Scheme 3 

Then we improved the Scheme 1 again. In order to make the size of box 

smaller, we changed the structure to two layers and divided every disc into 

12 sector parts. The discs could rotate at the same time and the disc up was 

unfixed. The rotating disc can be seen in the figure 3.5. The movement 

principle is the same to the Scheme 1 and the whole box can be seen in the 

figure 3.6. 
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Figure 3.5. The rotating disc in the scheme 3. 

 

Figure 3.6. The structure of scheme 3, not include the bottle and the cover. 
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In this scheme, the disadvantage is that the patients need some co-workers 

to assist them to restore the medicine into the corret cells of the box. 

3.4 Scheme 4 

Like the introduction before, medicine need a good environment, and they 

may be not stable if the environment changed. For solving this problem, we 

changed the structure of every sector part. The changed rotating disc can be 

seen in the figure 3.7. We added notches to fix the blister packs, and there 

were forces to push the medicine out from packs. In this condition, we 

would calculate how much power needed to push the medicine in chapter 

6.2. Then another forces pushed them into the middle bottle. The whole box 

can be seen in the figure 3.8. 

 

Figure 3.7. The rotating disc in the scheme 4. 
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Figure 3.8. The structure of scheme 4, not include the bottle and the cover. 

But we found that the disadvantage of this box is the mechanical movement 

is very complex which cannot be carried out easily. 
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4 Dynamic Design 

The product is expected to work automatically. It will remind the product 

user to take the medicine on time every day. All the practical information 

about the medicine should be showed on the designed box. When the 

medicine is taken, a signal will be sent to the doctor immediately.  

A) The reminder 

Though the product is wished to remind the user to take medicine, an 

acoustic generator, something like buzzer or sounder, will be set in the 

product. Some light emitting-diode will also be helpful to call attention 

from the people at the right time as well. 

B) The information 

A screen on the lid of the box will show all the relative information about 

the needed medicine, including the name of the medicine, the instruction, 

the batch number and some other relative data. 

When the box is opened, all these information about the medicine this time 

will be showed clearly on the screen. The data should be renewed from 

time to time through the network. 

C) The signal for doctor 

Since the doctor need to know whether their patient take the medicine on 

time or not, a signal will be sent when the medicine are taken from the box 

each time. A pressure transducer is set under the small case for holding the 

medicine. 

D) The automation 

When the box is opened, everything is wished to work automatically. The 

alarm device will be operating on the preset time. The screen on the box lid 

will showed the information. The medicine for this time will be moved to a 

certain case. The case with the medicine will be transport to the designated 

place. And after the medicine is pushed into the middle bottle, it will rise 

up. 
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Here we mentioned many ways combining with signals, but this work will 

not discuss the signal design. 

4.1 The Design of Pushing the Medicine 

In the dynamic design, we considered how to push the medicine into the 

middle bottle first. There were several ways designed for each structure 

schemes above. 

A) A spring structure and a push rod for the Scheme 3 

There is a spring structure pushing the medicine into the middle bottle. This 

way can be seen in the figure 4.1. 

 

Figure 4.1. A spring structure and a push rod combined with scheme 3. 

B) The bevel structure for the Scheme 4 

There is a force up to make the sector have a lean, and the medicine can fall 

into the middle bottle, because of the gravity. This way can be seen in the 

figure 4.2. 
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Figure 4.2. The bevel structure. 

C) A push rod and a transport structure 

Each cell holds a kind of medicine. The transport section could move the 

needed medicine from store cells to the appointed part. The blister 

packaging is stacked in the cell and the medicine is pushed out like the 

figure 4.3. 

 

 Figure 4.3. The push rod. 

4.2  The Choice of the Spare Parts 

A) Power Source: DC motor  
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According to the criterion, we chose the power source: DC motor, which 

was found from solidcomponents’ website [3]. The dimension of the DC 

motor can be seen in the figure 4.4. 

 

Figure 4.4. The dimension of the DC motor. [3] 

 

B) Transmission: Gears 

Notes: These virtual gears which showed the transmission were created by 

the CAD inventor software. They should be optimized if we want to turn 

them into reality. For example: the fixed position, accuracy, bearing and 

supporting parts should be considered during the manufacture process.  

1) Gear 1 can be seen in the figure 4.5 and the parameters of it can be 

seen in the figure 4.6. 
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Figure 4.5. Gear 1. 

 

Figure 4.6. Parameters of gear 1. 

2) Gear 2 can be seen in the figure 4.7 and the parameters of it can be 

seen in the figure 4.8. 
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Figure 4.7. Gear 2. 

 

Figure 4.8. Parameters of gear 2. 
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4.3 The Design of the Transmission 

We connected the two-layer-dish with a pair of gears which drove by a DC 

motor. And another pair of gears controlled the centre part. The teeth of 

gears were 23/57 for the two-layer-dish and 17/51 for the centre part, which 

can be seen in the figure 4.9. 

 

Figure 4.9. The design of gears. 

The centre part is a simple up-down disc. The structure is similar to a pair 

of thread and nut. We make the nut locked with one gear in vertical 

direction, and the thread will go up and down when the gear become 

rotating. The structure can be seen in the figure 4.10. 
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Figure 4.10. The structure of the dynamic. 

When the cell hold the needed medicine turn to the position in front of the 

push bar, the acceleration which hiding in the notch will send a signal to the 

DC motor in order to ensure the dish could stop at the right position. The 

push bar will begin to work as soon as the rotation of the dish stopped. 

Another acceleration will send signal to the DC motor which control the 

push bar to stop and rotate in opposite direction at the right time. Then the 

push bar will go back to the beginning place. 

The middle bottle will rise up as soon as the medicine fell down. Then the 

user could take the bottle easily. At the same time, a signal will send to the 

doctors to ensure their patients had already had the medicine on time.  

After the medicine is taken away, the centre cell should reset to the 

beginning place. Then, all the motions had done. The dynamic system will 

wait for the next signal. The dynamic system combined with the structure 

Gears with  

Two-layer-dish  

Gears with 

centre part  Centre part 
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of Scheme Ⅲ can be seen in the figure 4.11, and the flow chart of the 

dynamic system can be seen in the appendix A. 

 

Figure 4.11. The medicine box with the dynamic system. 
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5 Appearance Design 

Colours can affect our emotions. Red is associated with love, warmth, 

comfort. Blue brings calmness. Green is Nature’s colour and represents 

tranquillity and health. Yellow stands for the sun and is often described as 

cheery and warm. Purple is the symbol of royalty and wealth. In the 

appearance design, we used different colours, figures, fonts to bring 

different feelings to the users.  

We used software PHOTOSHOP to aid appearance design. Because the 

design must be printed on the medicine box and there are limited colours 

can be printed out from printer, digital files should be converted to CMYK 

before sending to printers, unless otherwise specified. The CMYK colour 

model is a subtractive colour model, used in colour printing, and is also 

used to describe the printing process itself. From figure 5.1, we can know 

CMYK refers to the four inks used in some colour printing: cyan, magenta, 

yellow, and key black. The CMYK model works by partially or entirely 

masking colours on a lighter, usually white, background. The ink reduces 

the light that would otherwise be reflected. [4] To make the colour more 

accurate, we will mark the main colour with CMYK. 

 

Figure 5.1. The CMYK colour model. 
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Then according to the different ages, personalities of potential users, we 

designed several schemes. 

5.1 Refreshing 

This design concept is derived from the springtime. Long-term illness is as 

frustrating as the long winter. But through the long cold winter, spring 

brings vitalities and hopes. In this season, people tend to feel very 

comfortable.  

This design can bring the vitality to those who suffer from illness over a 

long time. We want to create the refreshing feeling to patients and decrease 

their suffering.  So we used Orchid  C 20% M 50% and Light Blue

 Y 30% C 50% as the main colour to create a spring scene. This 

scheme can be seen in the figure 5.2. Combining with the structure scheme 

3, the whole medicine box can be seen in the figure 5.3. 

 

Figure 5.2. Appearance design- refreshing. 
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Figure 5.3. To create a comfortable feeling. 

5.2 Candy 

This design concept is derived from candy. When we were young, we 

always expect the medicine have a sugar-coat, which would not taste the 

bitter but sweet. Few people like to take the medicine, but candy is always 

attractive. This scheme is designed for children and those who are tired of 

taking the medicine. We hope the candy design can give people a sweet 

feeling. That’s why we use the candy colours Dark Orange  Y 100% 

M 60% and Medium Blue  C 100% M 70% as the main colours. The 

design can be seen in the figure 5.4. Combining with the structure scheme 3, 

we can see the figure 5.5. 
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Figure 5.3. Appearance design- candy. 

 

Figure 5.4. To create a sweet feeling. 
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5.3 Romantic 

Pink represents a happy life. We hope the outlook of medicine box can 

bring a lively sense to the patients, making the life is full of romance, so we 

use Hot Pink  M 70% as the main colour. The design can be seen in 

the figure 5.5. Combining with the structure scheme 3, we can see the 

figure 5.6. 

 

Figure 5.5. Appearance design- romantic. 
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Figure 5.6. Bring a lively sense to the users. 

5.4 Happy 

Because of the illness, some patients often feel depressed. We use a lovely 

font with Cornflower Blue  C 70% M 30%, and papery lines with 

Light Yellow  Y 70% to bring the happy feeling in childhood. The 

design can be seen in the figure 5.7. Combining with the structure scheme 3, 

we can see the figure 5.8. 
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Figure 5.7. Appearance design- happy. 

 

Figure 5.8. Recall the happy moments. 
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5.5 Sober 

Taking medicine is a serious case. The regular lines and font bring the 

sober feeling, which apply to the forgetful people. Then the main colours 

are Dark Blue  C 100% M 100% and Cyan  C 100%. The 

design can be seen in the figure 5.9. Combining with the structure scheme 3, 

we can see the figure 5.10. 

 

Figure 5.9. Appearance design- sober. 
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Figure 5.10. Strong colour remind the forgetful people. 

5.6 Elegant 

This design intends to make the medicine box like a casket full of jewellery. 

To bring an elegant feeling, we use Purple  Y 20% C 60% M 100% 

and Golden Rod  Y 100% C 20% M 40% as the main colours. This 

is fit to the old ladies. The design can be seen in the figure 5.11. Combining 

with the structure scheme 3, we can see the figure 5.12. 
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Figure 5.11. Appearance design- elegant. 

 

 

Figure 5.12. Make it elegant and fit to the old ladies. 
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6 Calculation 

In the Scheme 4 of structure design, to complete our design, we wanted to 

know how much force needed to push the medicine out from the blister 

pack. Generally, the necessary force is expected to be the smaller the better. 

To achieve this point, consider the following cases:  

 

Figure 6.1. The strength of un-cracked and cracked plane. [5] 

The thickness of each plate is the same. The forces required to break the 

four samples can be arranged in the following order: 

F4 < F3 < F1 < F2 

Clearly the sizes of the defects at F3 and F4 are crucial to the strength of the 

structure.  

It gives us a reason to believe the medicine can be pushed more easily if the 

blister pack is given a small crack first. And we will verify it by calculating 

and comparing that the forces in the conditions whether have a crack or not. 
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6.1 Stress Analysis by FEM 

In Scheme 4, the dimension of the hole on the baffle fixing the pack was 

15*15 mm. We assumed the diameters of medicine in the blister packs are 

10 mm, which meant the Al-LDPE material would get a circular area force. 

And because the pack was symmetry, we only considered the quarter of the 

hole.  

A finite element model had been made in ABAQUS. The stressed area of 

the model was πr
2
 where r = 5 mm. Assumed the power to push the 

medicine is about 1N, so the pressure on the loading surface was around 

10000 pa. 

Both the uncracked model and the cracked model are analysed in ABQUS. 

The parameters of the material were introduced from the article thesis [6]. 

The Young’s modulus of the mixed material was 5500MPa and we chose 

the poisson ratios ν = 0.4. The thickness of the material was 0.1 mm. 

Analysed the model and got the results, which can be seen in the figure 6.2 

and figure 6.3. 

 

Figure 6.2. The model without crack created in ABAQUS. 
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Figure 6.3. The model with a crack created in ABAQUS. 

Compared these two results, we found the stress concentration of the 

normal model appeared in a corner of the plane. The maximum value was 

50.9 MPa. The model with a crack showed us the maximum stress in the 

pointed end of the crack. The maximum stress was 1594 MPa. Using the 

same force, the maximum stress on the model with a crack was bigger than 

the other one, which meant this model needed a smaller force to make it 

split. This can be considered in the design: poke a crack first, and then push 

the medicine out from the pack. So, we would like to find the minimum 

force when there had a crack on the material. 

6.2 Find KIII by Fracture Mechanics Theory 

According to the fracture mechanical theory, any deformation of the crack 

surfaces can be viewed as a superposition of three basic deformation 

modes. 
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Figure 6.4. The three basic models of crack extension. [7] 

These three basic models illustrated in Figure 6.4 are defined as follows: 

Mode I crack – Opening mode (a tensile stress normal to the plane of the 

crack) 

Mode II crack – Sliding mode (a shear stress acting parallel to the plane of 

the crack and perpendicular to the crack front) 

Mode III crack – Tearing mode (a shear stress acting parallel to the plane 

of the crack and parallel to the crack front) 

The loading type in our case was the crack loaded in Mode III. Crack was 

sheared out of the xy-plane. For the factor KIII which we called the stress 

intensity factors can be expressed in the form 

                                                    (6.1) 

The factor h was function of geometry and the type of loading. For small 

crack in large plate the factor h becomes h=1. 

The value of τyz got from the ABQUS result of the model with a crack.  

τyz = 1594 MPa                                         (6.2) 

http://en.wikipedia.org/wiki/Tensile_stress
http://en.wikipedia.org/wiki/Shear_stress
http://en.wikipedia.org/wiki/Shear_stress
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And the crack length in the model gave 

a=4*10
-3

 mm                                           (6.3) 

Got   

                                        
   (6.4) 

6.3 Result 

Search and get the fracture toughness  Ⅲ  of the Al was 24MPa/m
1/2

 [6]. 

And comparing to KⅢ, we found that  Ⅲ   Ⅲ , so the crack cannot 

expand. 

Then, we calculate the lowest power of expanding the crack. 

     
     

    
 

  

          
                              (6.5) 

If we considered the stress area, which we set the radio of the circle is 5mm, 

using the function F=P*S and S= πr
2

 (here the pressure P = τyz∞).  

The minimum break power working on the surface should be around 4.24 

Newton. 
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7 Conclusion 

The results of this work lead to a design of an automatic medicine box. 

In the part of the structure design, we designed five schemes by CAD 

Inventor software. Comparing these schemes, we found the size of Scheme 

1 is too big; it has a problem to get the medicine from the medicine box in 

Scheme 2; only Scheme 3 can be carried out in reality; the Scheme 4are 

more intelligent, which can push the medicine out from the blister packs by 

itself, but need further design. So we chose Scheme 3 to design its dynamic 

system and the flow chart of the dynamic system can be seen in the 

appendix A. 

Considering the characteristic of the medicine that they may not be stable if 

the environment changed, we found the Scheme 4 was ideal. So we 

simulated two blister pack models having crack or not on the edge of the 

force area to find the maximum stress in ABAQUS, based on the structure 

of the Scheme 4. Then we found if there was a crack in the model, the 

stresses are more concentrated. According to the theory of Fracture 

Mechanics, we got there should be a force no less than 4.24 Newton 

transported to push rod. This result is useful to further structure and 

dynamic design of Scheme 4. 

At last, we designed six different appearances of the medicine box by 

PHOTOSHOP software to different users. One appearance brings a 

comfortable feeling, which is designed for those who suffer from illness 

over a long time. One creates a sweet feeling, which is designed for the kids 

and those who are afraid of taking the medicine. One brings a lively sense 

to the users. One recalls the happy feeling in childhood. One creates a sober 

mood, which is designed for the forgetful people. And one looks like a 

casket full of jewellery, which is fit to the old ladies. 

Furthermore, we designed a complete automatic medicine box (not include 

the signal part) with 6 different appearances, and got some useful data from 

calculations to help the further design. 
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8 Further Work 

So far, we have finished the basic design work of the medicine box. 

However, further work is expected to optimize the current design and 

develop more functions in order to improve our products. 

As for optimization, the data with better quantity and quality are quite 

important during the further design. More appropriate assembly parts such 

as gears and screws will be selected according to the accurate data of 

boundary exposure limit. The optimized parts are wished to be found easily 

in the market which means it should be in common type and with a normal 

price. And a compactly assembly with those optimized parts will save 45% 

room for the inside structure at least, which means the whole box could be 

smaller. 

In the current design, the user should put several kinds of medicines 

themselves once a week according to the doctor's advice. In the further 

design, we conceive the programme of the medicine box will transmit 

different kinds of medicine from blister packs to the output terminal 

automatically in order to simplify the users' work. And the doctor will have 

the permission to set and edit the transmission programme including the 

starting time (the defined time to get medicine), the operation objects (the 

defined medicine categories) and the define quantity (the dosage). Since the 

step "give the medicine" is controlled by the doctor, the risk like having the 

wrong medicine will be minimized.   

Over all, two points need to be considered in further work: optimize the 

current design and develop the further function. The former includes 

minimize the size, lower the cost, reduce the weight and so on. The latter is 

about improving the product to convenience the user.  

The purpose of all the work is to perfect the product. 

Finally, attract the customer.  
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A. Flow Chart of the Dynamic System 

 

Figure A.1. Flow Chart of the Dynamic System 
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B. Part Drawing 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B.1. Part Drawing of the Box 



 

 45 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B.2. Part Drawing of the Lower Disc 



 

 46 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B.3. Part Drawing of the Upper Disc 
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Figure B.4. Part Drawing of the Pulley 



 

 48 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B.5. Part Drawing of the Push Bar 
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Figure B.6. Part Drawing of the Rivet 
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Figure B.7. Part Drawing of the Spring Structure 
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Figure B.8. Part Drawing of the Spring Part 
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