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Abstract: Pneumatic muscle driven by compressed air is 

becoming more and more important in modern industrial 

systems. Such muscles are used in robotic applications. The aim 

of this work centers on the dynamic simulation of air muscle. 

Pneumatic air muscle is made mainly of an inflatable and flexible 

membrane. In this project, we made a model of Pneumatic air 

muscle using inner silicon tube and braided sleeve made up of 

Polyethane terephthalate (PET). Sleeve supports the tube as the 

tube alone can’t bear the higher loads and without sleeve it 

would rupture due to high pressure. We did the dynamic 

simulation of PAM in ANSYS and we observed the analytical 

results and according to the obtained results, we decided the 

dimension and pressure limits. We also did the practical 

experiment of the manufactured muscle with a controlled air 

pressure and observed the actual results. In the end, we 

compared the analytical and actual results of the same. 
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I. INTRODUCTION 

A .WHAT IS PAM? 

Pneumatic manufactured muscles are contractile or 

extensional gadgets worked by pressurized air filling a  

neumatic bladder. In a dubious guess of human muscles, 

PAMs are typically gathered in sets: one agonist and one 

antagonistic. 

PAMs were initially created (under the name of McKibben 

Artificial Muscles) in the 1950s for use in manufactured 

appendages. The Bridgestone elastic organization (Japan) 

marketed the thought in the 1980s under the name of 

Rubbertuators. 

The withdrawal quality of the PAM is constrained by the 

aggregate quality of individual strands in the woven shell. The 

effort separation is constrained by the snugness of the weave; 

a free weave permits more prominent swelling, which 

encourage turns singular strands in the weave. 

 

Fig 1.- Braided sleeve and inner silicon tube used in PAM.[3] 

As shown in Fig 1, pneumatic muscle consists of inner 

silicone tube and outer sleeve. Silicone tube is flexible , so it 

can get contracted when it is filled with pressurized air. Sleeve 

supports the tube as the tube alone can’t bear the higher loads 

and without sleeve it would bend due to load 

Properties of Silicon: 

Property 
Min. 

Value(S.I.) 
Max. 

Value(S.I.) 
Units 
(S.I.) 

Compressive 

Strenth 
10 30 MPa 

Endurance 

Limit 
2.28 5.5 MPa 

Tensile 

Strength 
2.4 5.5 MPa 

 

B. ADVATNAGES of PAM 

PAMs are exceptionally lightweight on the grounds that their 

fundamental component is a thin film. This permits them to be 

specifically associated with the structure they control, which 

is preference while considering the substitution of a blemished 

muscle. 

On the off chance that a flawed muscle must be substituted, its 

area will dependably be known and its substitution gets to be 

less demanding. This is an essential trademark, since the layer 

is associated with unbending endpoints, which presents 

pressure fixations and along these lines conceivable film 

cracks. 

Another preferred standpoint of PAMs is their intrinsic 

consistent conduct: when a compel is applied on the PAM, it 

"gives in", without expanding the drive in the incitation. 

This is a vital component when the PAM is utilized as an 

actuator as a part of a robot that cooperates with a human, or 

when sensitive operations must be completed. 

In PAMs the  compel is subject to weight as well as on their 

condition of swelling. This is one of the significant points of 

interest; the numerical model that backings the PAMs 

usefulness is a non-direct framework, which makes them 

much easier than customary pneumatic chamber actuators to 

control exactly. 
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The relationship amongst drive and expansion in PAMs 

mirrors what is found in the length-pressure relationship in 

organic muscle frameworks. 

The compressibility of the gas is likewise leeway since it 

includes consistence. Likewise with other pneumatic 

frameworks PAM actuators generally require electric valves 

and a packed air generator. 

The free weave nature of the external fiber shell likewise 

empowers PAMs to be adaptable and to impersonate organic 

frameworks. 

In the event that the surface strands are seriously harmed and 

turn out to be unevenly dispersed leaving a hole, the interior 

bladder may expand through the hole and crack. Similarly as 

with every single pneumatic framework it is critical that they 

are not worked when harmed. 

II. BASICS OF PAM 

 

Fig 2- Antagonistic system[1] 

As it is shown in figure for making the Yo motion we need 

two muscles at the opposite sides. 

One of them should be pressurized with air. That muscle will 

contract and the other muscle will expand. 

For the opposite motion the second muscle should be 

pressurized and the first muscle should be depressurized. 

 

Fig 3- Antagonistic mechanisms[1] 

A. ANTAGONISTIC SET-UP 

Fluidic Actuators are contractile gadgets and can, thusly, 

create movement in just a single heading. Similarly as with 

skeletal muscles, two actuators should be coupled keeping in 

mind the end goal to produce a bidirectional movement, one 

for every heading. As one of them moves the heap, the other 

one will go about as a brake to stop the heap at its craved 

position. To move the heap the other way the muscles change 

work. This inverse association of the muscles to the heap is by 

and large alluded to as an opposing set-up. The hostile 

coupling can be utilized for either straight or rotational 

movement, as is appeared in Figure 3. 

Because the created compel of every muscle is corresponding 

to the connected weight, the harmony position of the effecter 

driven by the opposing couple will be controlled by the 

proportion of both muscle gage weights. Muscle (1) is at a 

gage weight p while the weight of muscle (2) differs. As this 

present muscle's weight changes, its drive chart is scaled as 

needs be and the harmony will move to the new purposes of 

crossing point of the diagrams. In the event that, in actuality, 

both weights are scaled by a similar element, the compel 

charts will be so similarly and their convergence point will 

stay at a similar estimation of position. Consequently, just the 

proportion of gage weights will decide the balance position. 

B. SKELETAL MUSCLE RESEMBLANCE 

PAMs take after skeletal muscle insofar that both are straight 

contractile motors having a monotonically diminishing burden 

compression connection (in spite of the fact that this is 

definitely not continuously the  case for skeletal muscle). Both 

must be set up inimically so as to get bidirectional movement 

furthermore, both can control joint consistence. 

A considerable measure of contrasts, in any case, exist 

skeletal muscles don't change volume amid constriction; have 

a measured structure, they are in reality an immeasurable 

parallel and arrangement association of minute contractile 

frameworks; are sorted out in units whose enactment relies on 

upon the level of outer load; come in quick and moderate 

sorts, contingent upon the need of managed activity and 

speed; have incorporated different compel and strain sensors; 

have vitality put away in them and going through them; can 

serve as vitality source or notwithstanding building material 

for muscles of other organic frameworks, in other words, they 

are food. 

C. LIGHTWEIGHT AND STRONG 

The last particular element is maybe the most phenomenal: 

one organic framework can crumble another's actuators down 

to the sub-atomic level and utilize this to power or fabricate its 

own actuators. 

D. READY REPLACEMENT 

Because of the direct connection, replacement of a defective 

muscle is very easily and rapidly done. It takes only 
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uncoupling one muscle from the machine and pneumatic 

tubing and connecting the new one. 

III- MANUFACTURING OF PAM 

One PAM needs one silicon tube, one sleeve , one fixed end 

and other end open for inserting pressurized air in the tube. 

PAM is made using all the components mentioned above. 

Here 8*5 mm diameter silicon tube is used. The braided 

sleeve taken is of PAN of 8 mm diameter which covers the 

silicon tube and provides it strength against the pressure. 

 

Fig 4 Home made PAM 

As shown in figure this is the PAM made by us. 

I did the practical experiment on this PAM using compressor. 

Firstly I took the pressure of in the range of 10-17 bar without 

using the sleeve and the silicon tube was busted at 16 bar. 

Then I used the sleeve and completed the experiment with 8 

bar successfully. I made YO motion of links using this PAM. 

 

Fig 5 Set up for YO motion 

IV- SIMULATION IN ANSYS SOFTWARE 

 

Fig 6- Uninflated muscle of resin polyester. 

 

Fig 7- Inflated muscle of resin polyester 

 In Resin Polyester we gave 8 bar pressure and it gave 

the deflection of 8mm deflection. 

 

Fig 8- Uninflated muscle of honeycomb 

 

Fig 9 -Inflated muscle of honeycomb 

 In honeycomb we gave 0.8 bar pressure and gave 2 

mm deflection. At 8 bar the structure got deformed 

V. CONCLUSION 

By comparing analytical results and practical results we can 

say that the pressure limit for the 8*5 mm silicon tube with 8 

mm sleeved covering it can be taken as nearly 8 bar. 
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Deflection came around 1 cm analytically but in actual the 

deflection came was around 6-7 mm due to some losses. PAM 

can be used in many applications which works on automation 

and robotics. It replaces the motors and some other actuators. 
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