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Abstract 

In this research, two types of Bennett 4R mechanisms were taken by simulation and 

check their working range using MATLAB SimMechanics toolbox. Predicted suitable 

mechanism among the two types. Kinematic characteristics were discussed, and the range 

of motions was also found by connecting Bennett in a network. Type 2 Bennett 4R 

mechanism has better foldability than type 1. Range of motion was predicted and found 

out for Bennett RRRS mechanism also by replacing the last revolute joint in a Bennett 

mechanism by a spherical joint.  The ballistic barrier is one of the novel application 

suggested in this research using Bennett mechanism. 

. 

 

Keywords: Foldability Analysis; Kinematic Analysis; Bennett Mechanism; Ballistic 
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1. Introduction 
Bennett 4R is a spatial mechanism with one degree of freedom that has four revolute (R) 

joints and four links. G.T. Bennett, in 1903 invented this four-link spatial mechanism [1]. 

All four kinematic links are twisted, making a spatial mechanism. It has a 

kinematic structure with a closed-loop. Thanks to its special geometric features, 

researchers have attempted to use it in applications such as deployable structures, fold-up 

tends, liquid mixers, etc. In Bennett’s Linkage kinematics and dynamics was examined, 

because it provides the basis for its engineering application and assessment of performance 

[2]. Bennett’s linkage has found applications for liquid mixing machines, portable shields 

and spatially deployed links due to its unique geometrical characteristics. The effect of the 

twisting angle, the driving moment, the reaction forces and the moments of the joints were 

also analysed. The relationship between the Bennett input and output angle and the 

kinematic features was also analysed. It concluded that the angle of twist of the Bennett 

mechanism had a slightly less impact on the displacement characteristics and more 

influence on the velocity and acceleration characteristics. The symmetrical characteristics 

of this set up have been built and analysed by a one-degree-freedom network using 

Bennett mechanism. The network obtained was not precise, but a saddle-like surface [3], 

nor an accurate hyperbolic paraboloid.  

Mathematically it has been confirmed that there are particular types of Bennett 

links [4]. The replacement of one of the revolute joint with a spherical joint created a 

lower-over-constrained shape of the Bennett mechanism. The RRRS mechanism is also a 

Bennett mechanism [5]. For the mechanism, it was derived the equation of angular 

displacement, angular velocity equation, angular acceleration and coupler curve. 
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The dimensional synthesis of the system of Bennett carried out.   The scissor-like Bennett 

constructed, and conditions established for the equilateral Bennett mechanism [6]. Finite 

screw method for describing the characteristics of Bennett linkage and also found the 

uniqueness of Bennett configuration near which occurred near θ=0 and θ=π [7]. It has been 

identified that the four revolute connections in a Bennett are connected with the J-

hyperboloid defined in its joint axis, and its four connections are also linked to another L-

hyperboloid. These hyperboloids were then connected to other loop characteristics 

algebraically with a sphere and a corresponding screw for instantaneous final movement 

[8]. Two Bennett were attempted to connect, but a rigid one was obtained [9]. Various 

approaches for building networks through Bennett connections have been summarised, and 

different networks have been developed, and Bennett links for compact folding have been 

used [10]. The cause of the collapsed network construction using the Bennett mechanism 

has been investigated. The problem lies in the 4 bars/links that were concurrently used to 

configure the inline movement  
 

      2. Kinematic Characteristics  of Type 1 and type 2 Bennett 4R 

Mechanisms 

The layout of the research work is shown in Figure 1. Kinematics characteristics 

identify two types of Bennett 4R mechanisms. Kinematics of two types of Bennett 4R 

mechanisms discussed, and application like ballistic barrier where Bennett mechanism 

could be used as a rigid structure is also discussed. Foldability analysis was done, and 

coupler curves were plotted. Then a network of Bennett mechanisms was made in Matlab 

Simmechanics toolbox. 

 

 

 

 

 

 

  

 

 

 

 

Figure 1. Selection Methodology 

Type 1 Bennett 4R mechanism has four links, such as the opposite links, and are the 

same length. It has four joints as well. Figure 2 displays the graphical diagram. 

Bennett mechanisms 

Type 1 Bennett mechanism 

(a) Kinematic Analysis 

(b) Coupler curve 

(c) Foldability Analysis 

(d) Network Building 

 
 

Type 2 Bennett mechanism 

(a) Kinematic Analysis 

(b) Coupler curve 

(c) Foldability Analysis 

(d) Network Building  
 

RESULTS COMPARISON USING MATLAB 

SELECTION OF BEST MECHANISM 

FORMAKIBALLISTIC bARRIER 
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Figure 2. Type 1 Bennett 4R mechanism [2] 

Figure 2 shows that , ABCD is a Bennett 4R type 1 mechanism, with revolute joint axes 

that do not cross parallel or converge. The revolute joints of the system are at  A, B, C and 

D. Their is the same twist angle and same length for the two opposite links of Type 1 

Bennett 4R [2]. 3 1 4 2DC l AB l ,AD l BC l      , DC AB   , AD BC   , Where, 

1 2 3 4l ,l ,l ,l represent lengths of the links AB, BC, CD, and AD.’�’ represents twist angles in 

the links AB and DC and’�‘represents twist angles in the links AD and BC. Mechanism 

Type 1  occurs only when one more requirement is met. In other words, equation (1) 

should be met by the opposite link lengths and twist angles  [2] 

1 2

sin sin

l l

 
                                                                                            (1) 

 

a  b  

 

Figure 3. (a) Opposite Sides is Equal Bennett Mechanism, (b) All Sides Are 
Equal Bennett Mechanism 

 

Type 2 is also known as Equilateral Bennett Mechanism. Equations for its existence is 

given by equation (2) [3]. Type 1 and type 2, shown in Figure 3. The Matlab Simulink 

program is shown in Figure 4.  

    , 1 2 3 4l l l l                                                                              (2)     
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Figure 4. Matlab Simulink model of a Bennett 4R Mechanism 

 

3. Coupler Curves  

The link connecting the Bennett 4R mechanism input (AD) and output (BC) connections 

is known as a coupler link (CD). The route followed by a point in the connector is called a 

coupler curve during its movement. This path is essential as this path relates to the output 

used by the process for the application. It also leads to solving the problems of body 

guidance and path generation [6]. The revolute joints coordinates for the Bennett 4R 

mechanisms obtained as [13]  

     

      
1 2 2

1 2 2 2

0 0 0 0 0 0A , , ,B l , , ,D l cos ,l sin , ,

C l l cos , l cos sin , l sin sin
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Figure 5. (a) Coupler Curve for Type 1,  (b) Coupler Curve for Type  2  

The joint coordinates for joint C considered in order to draw the coupler curve for type 1 

and type 2 Bennett 4R mechanism. Now the input angle ’ ’ and the output angle ’ ’ is 

obtained using the equation (3) [2] 
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Where, 
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For plotting the Figure 5 (a) coupler curve for type 1, the following values are used, and 

they are: 030 3 14 180* . / rad  , 017 46 3 14 180. * . / rad  , 3 68K .   (K+ve taken), 
1 167 7l . mm  

and
2 100l mm , Coupler curve for Type 2 Bennett mechanism is shown in Figure 5 (b). For 

plotting the coupler curve for type 2 Bennett 4R mechanism used the following values are 
030 3 14 180* . / rad  , 0150 3 14 180* . / rad  , 1 15K .  (K+ve taken), 

1 100l mm  and
2 100l mm . 

The coordinates of Joint C for type 1 and type 2 calculated and given in table 1 and table 2. 

Table 1. Coordinates of Joint C for type 1 

 

Input angle(θ) 

(deg.) 

K Output 

angle(η) 

(radian) 

CX 

(cm) 

Cy 

(cm) 

Cz 

(cm) 

10 -3.68486 5.65657 248.7017 -50.7921 -29.3068 

20 -3.68486 5.128087 208.0828 -79.2392 -45.7207 

30 -3.68486 4.722459 168.707 -86.6114 -49.9745 

40 -3.68486 4.420309 138.9055 -82.9474 -47.8603 

50 -3.68486 4.193034 118.068 -75.1946 -43.387 

60 -3.68486 4.017675 103.6834 -66.5414 -38.3942 

70 -3.68486 3.878345 93.63452 -58.1959 -33.5788 

80 -3.68486 3.76443 86.47736 -50.5267 -29.1537 

90 -3.68486 3.668806 81.27876 -43.5788 -25.1448 

100 -3.68486 3.586591 77.43887 -37.2843 -21.5129 

110 -3.68486 3.514355 74.56751 -31.5446 -18.2011 

120 -3.68486 3.449618 72.4066 -26.26 -15.1519 

130 -3.68486 3.390537 70.78269 -21.3405 -12.3134 

140 -3.68486 3.335695 69.57787 -16.7069 -9.63984 

150 -3.68486 3.283968 68.71183 -12.2904 -7.09149 

160 -3.68486 3.234433 68.13066 -8.0299 -4.63322 

170 -3.68486 3.186295 67.7999 -3.87064 -2.23334 

180 -3.68486 3.13884 67.70038 0.238461 0.137591 

190 -3.68486 3.094576 67.81051 4.070926 2.34891 

200 -3.68486 3.046456 68.15221 8.227907 4.747472 

210 -3.68486 2.996953 68.74421 12.48443 7.203471 

220 -3.68486 2.945275 69.62086 16.89523 9.748486 

230 -3.68486 2.890498 70.83589 21.52091 12.41749 

240 -3.68486 2.831506 72.46929 26.43006 15.25005 

250 -3.68486 2.766888 74.63844 31.70122 18.29149 

260 -3.68486 2.694808 77.51589 37.42391 21.59346 

270 -3.68486 2.612803 81.35819 43.69673 25.21286 

280 -3.68486 2.517461 86.55288 50.61763 29.20619 
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Input angle(θ) 

(deg.) 

K Output 

angle(η) 

(radian) 

CX 

(cm) 

Cy 

(cm) 

Cz 

(cm) 

290 -3.68486 2.403937 93.6953 58.25391 33.61229 

300 -3.68486 2.265153 103.7109 66.56128 38.40562 

310 -3.68486 2.090575 118.0312 75.1764 43.37651 

320 -3.68486 1.86443 138.7567 82.90852 47.83792 

330 -3.68486 1.563896 168.39 86.61375 49.97582 

340 -3.68486 1.160403 207.597 79.42359 45.82713 

350 -3.68486 0.634127 248.2589 51.31766 29.6101 

360 -3.68486 0.011737 267.6931 1.016611 0.586581 

 

Table 2. Coordinates of Joint C for type 2 

 
Input angle 

(θ) deg. 

K Output angle 

(η) rad. 

Cx 

(cm) 

Cy 

(cm) 

Cz 

(cm) 

10 1.155054 6.481323 198.0435 17.04975 9.837645 

20 1.155054 6.681636 192.1663 33.60616 19.39063 

30 1.155054 6.879991 182.7135 48.6784 28.08726 

40 1.155054 7.075552 170.2162 61.67192 35.58447 

50 1.155054 7.267632 155.3324 72.14802 41.62915 

60 1.155054 7.455722 138.7815 79.83703 46.06568 

70 1.155054 7.639496 121.2845 84.6311 48.83184 

80 1.155054 7.818805 103.517 86.56222 49.94609 

90 1.155054 7.993659 86.07764 85.77226 49.49028 

100 1.155054 8.16421 69.47235 82.4811 47.59129 

110 1.155054 8.330725 54.11115 76.95762 44.40427 

120 1.155054 8.493562 40.31413 69.49588 40.09887 

130 1.155054 8.653148 28.32249 60.39759 34.84919 

140 1.155054 8.809964 18.3119 49.96054 28.82705 

150 1.155054 8.964528 10.40584 38.4723 22.19838 

160 1.155054 9.117383 4.687498 26.20793 15.12188 

170 1.155054 9.269088 1.209519 13.43078 7.749512 

180 1.155054 9.420214 0.001042 0.395327 0.228102 

190 1.155054 -2.99185 1.119033 -12.9216 -7.4557 

200 1.155054 -2.84016 4.508741 -25.7151 -14.8375 

210 1.155054 -2.68733 10.14139 -38.0068 -21.9298 

220 1.155054 -2.53281 17.96581 -49.5333 -28.5805 

230 1.155054 -2.37603 27.90043 -60.0195 -34.631 

240 1.155054 -2.2165 39.82368 -69.1778 -39.9154 

250 1.155054 -2.05373 53.56205 -76.7101 -44.2615 

260 1.155054 -1.88729 68.87676 -82.3139 -47.4948 

270 1.155054 -1.71681 85.45038 -85.6941 -49.4452 

280 1.155054 -1.54204 102.8756 -86.58 -49.9563 

290 1.155054 -1.36281 120.649 -84.7491 -48.8999 

300 1.155054 -1.17912 138.1741 -80.0563 -46.1922 
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Input angle 

(θ) deg. 

K Output angle 

(η) rad. 

Cx 

(cm) 

Cy 

(cm) 

Cz 

(cm) 

310 1.155054 -0.9911 154.7767 -72.4654 -41.8123 

320 1.155054 -0.79909 169.7358 -62.0795 -35.8197 

330 1.155054 -0.60359 182.3303 -49.1633 -28.367 

340 1.155054 -0.40528 191.8993 -34.1504 -19.7047 

350 1.155054 -0.20499 197.9063 -17.6315 -10.1733 

360 1.155054 -0.00368 199.9993 -0.31868 -0.18388 

 

4. Bennett Network 

A single Bennett 4R was used, and its links extended, as shown in figure 6, to connect 

eight other Bennett 4R mechanisms into a network. 

 

Figure 6. Bennett Network Developed in MATLAB 

Bennett Network interconnects nine Bennett 4R mechanisms of the same kind. In figure 

6, the black coloured lines are the extended connections. The red colour represents the 

links of the eight Bennett 4R mechanisms. The network is arranged in such a way that the 

input link of the Bennett 4R mechanism (numbered 1 in figure 6) is actuated in order to 

trigger the entire network. Mechanism 1 has four extended links and split the entire 

network into four regions, I, II, III and IV. Bennett4R mechanisms of type 1 and type 2 are 

used in constructing two distinct networks. Figure 6 demonstrates the Simulink Matlab for 

the Bennett network. 

 

5. Replacement of R (Revolute) by S (Spherical) 
 

Morgan V. Brown and Paul Milenkovic introduced a lower-over-constricted form of 

Bennett mechanism [5]. A spherical joint replaces the last revolute joint on the Bennett 4R 

mechanism.  The spherical joint is free and has three degrees of freedom. RRRS 

mechanism also has only one degree of freedom.   Thus the spherical joint was introduced, 

and its range of motion measured on type 1 and type 2 Bennett 4R mechanisms. MATLAB 

SimMechanics was used to evaluate minimum and maximum foldability. The spherical 

joint replaced with the revolute joint at D of Bennett’s ABCD mechanism (figure 2). Based 

on the observation, the Bennett RRRS and Bennett 4R systems work similarly. 
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Figure 7. Matlab Simulink Program for the Network. 

 

6. Result and Discussions 
 

The Bennett mechanisms can be evaluated for the foldability to regulate the storage 

space. The structure is known as a deployed structure, which can change its shape and 

become compact for easy movement and storage. It deployed as and where possible in its 

service configuration. Military tents and hiking tents are examples. The best example of an 

operative structure is also an umbrella. If it is not used, it can be folded and put in our 

pack. Bennett 4R mechanisms tested for foldability using type 1 and type 2. 

The Bennett 4R mechanism coordinates determined, at different input angles ( ). The 

configuration in Figure 8(a)-8(b) of the type 1 Bennett 4R mechanism at 012   and 
0131  . The specified minimum and maximum input angle are defined before and after. 

No motion to the next location is possible when the system loses its degree of freedom, 

and this configuration is known as a singularity. 
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(a) (b)  

Figure 8. (a) Type 1 at Input Angle θ=120 (b) Type 1 at Input Angle 
θ=1310 

The Bennett 4R coordinates determined at different input angles (  ). The type 2 

Bennett 4R mechanism configuration at 01  , and 0147   is shown in Figure 9(a) -9 (b). 

Before and after the given minimum and maximum input angle, the singularity 

configuration exists. No motion to the next location is possible when the system loses its 

degree of freedom. 

 

(a)  (b)  

Figure 9. (a) Type 2 at Input Angle θ=10 (b) Type 2 at Input Angle θ=1470  

The MATLAB SimMechanics foldability test provided the Bennett 4R mechanisms 

with a variety of motions. The working range for all equal links (Type 2) ranges between 

1° and 147° and for Type 1 varies between 12° and 131°. The minimum angle for type 2 

Bennett 4R is 1°, the maximum angle is 147°, but the minimum angle for type 1 is 12°, 

and the maximum angle is 1310. The folding capability of type 2 Bennett 4R is, therefore, 

higher and therefore more compact after folding and expansion than type 1 Bennett 4R 

mechanism. Before and after the given minimum and maximum input angle, the 

singularity configuration exists. No motion to the next location is possible when the 

system loses its degree of freedom. Foldability tests for Bennett mechanisms with 

spherical joint (RRRS) were now performed in MATLAB SimMechanics, and shown in 

Figure 10 and Figure 11. 

  (a) (b)  

Figure 10. (a) Input Angle (θ) at 120 for Type 1 Bennett RRRS Mechanism (b) 
Input Angle (θ) at 1310for Type 1 Bennett RRRS Mechanism 
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(a) (b)  

Figure 11. (a) Input Angle (θ) at 10 for Type 2 Bennett RRRS Mechanism (b) 
Input Angle (θ) at 1470 for type 2 Bennett RRRS Mechanism 

Working angle range for all type 2 Bennett RRRS is between 1° and 147° and the 

operating range is between 12° and 131° for type 1 RRRS Bennett mechanism. The 

minimum folding angle for type 2 is 1°, and the maximum folding angle is 1470, but the 

minimum for type 1 is 12°, and the maximum is 1310 for the type 2 Bennett RRRS 

mechanism. The foldability of the Type 2 Bennett RRS mechanism is therefore high, and 

after folding and extension, it is compact than the Type 1 Bennett RRS mechanism. Before 

and after the given minimum and maximum input angle, the singularity configuration 

exists. No motion to the next location is possible when the system loses its degree of 

freedom. It is worth noting that the spherical joint Bennett (RRRS) mechanism has the 

same folding capability as the Bennett 4R mechanism. Hence, type 2 Bennett RRRS 

mechanisms can also be used in place of type 2 Bennett 4R mechanism where compact 

folding is required.  The results are the same because singularity happens on the revolute 

joint, which is not replaced by a spherical joint.   Once it is also replaced, a better result 

can be achieved thanks to the spherical joint’s three degrees of freedom motion. The 

Bennett RRRS mechanism, as described by Morgan V. Brown and Paul Milenkovic [5], is 

also shown to have the same characteristics as the Bennett 4R mechanism. The coordinates 

of all the joints in the network are calculated for type 1 Bennett 4R mechanisms for two 

different input angles of 030  and 1300 The network was modelled for these 

configurations in MATLAB SimMechanics, and different shapes of the network are 

obtained, as shown in Figure 12 (a)-(b). There is a singular configuration before and after 

the specified input angle. 

(a) (b)  

Figure 12. (a) Network at θ=300 for Type 1 Bennett 4R Mechanism (b) Network 
at θ=1300 for Type 1 Bennett 4R Mechanism 

The coordinates of all the joints are calculated for different input angles of   

( 030  and 1210) for type 2 Bennett mechanism. The network was modelled for these 

configurations in MATLAB SimMechanics, and different shapes of the network were 

obtained, as shown in Figure 13 (a)- 13(b). 
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(a) (b)  

Figure 13. (a) Network at θ=300 for Type 2 Bennett 4R Mechanism (b) Network 
at θ=1210 for Type 2Bennett 4R Mechanism 

From figures 12-13, it is found that the input angle working range differs for both type 1 

and type 2. Input angle working range for type 1 is from 30° to 130° and for type 2 is from 

30° to 121°. Even though type 1 and type 2 have the same minimum folding angle, type 2 

is better when considering its shorter links. Therefore, working with type 2 is more 

compatible than with type 1 when it comes to the network. Singularity occurs at 029  and 
0122  for the type 2 network and at 029  and 0131  for type 1 network. 

 

7. Different Cases of Twist Angles 

In kinematic research, twist angles found within the links of the Bennett system play a 

key role. The principal reasons why saddle surfaces are formed in the deployable Bennett 

network are twist angles. The choice of angles depends on current needs [3]. The network 

for Type 1 and Type 2 Bennett 4R mechanisms is analysed by adjusting the angle of twist. 

Case 1: With 020  , 
1 167 7l . mm and 

2 100l mm , Case 2: With 030  , 
1 167 7l . mm and 

1 100l mm  

(a) (b)  

Figure 14 (a) Case 1 (b) Case 2 

Figures 14(a) and 14(b) above indicate that the form of the networks changes when the 

twist angle is changed. When the angle of the twist is increased from 200 to 300, saddles 

are shaped. The twist angle is thus a determinant factor for saddle surface formation in the 

Process of Bennett. A perfect and planned saddle shape can be achieved by selecting the 

proper connection length and twist angle. Figure 15 shows a physical model of the 

mechanism Bennett 4R, made from a PVC pipe. They were bound by means of a bolt and 

nut and functioned as a rotating joint. A single mechanism of Bennett 4R could be 

observed at figure 15 (left), and a network consisting of Bennett 4R could be observed at 

right. The network can demonstrate a saddle form. They can be used to make a ballistic 

shield for helping the police force. Aluminum may be built to create a ballistic shield. 
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Figure 15. Physical Model 

8. Ballistic Barrier 

This type of barriers is used to protect from the Ballistic threats. Ballistic threats are like 

stones, bullet, etc. Its larger structure covers one or two users from the threats. A ballistic 

threat has more degrees of freedom that are slower deployment. If Bennett mechanism 

implement in this barrier can solve the deployment issue. If Bennett mechanism is used to 

build a ballistic barrier, it will faster the deployment time. It may benefits in the police 

force, SWAT (specialised force), military, and security-needed public places. Its 

deployability, handling, compactness makes a significant impact during critical situations. 

The requirements for excellent ballistic barrier areas,  deployment time, is less, more force 

withstanding capacity, compact size, easy to store in less volume, exemplary handling, 

non-reflector colour, self-standing and single-user operation. 

Existing Concepts for Ballistic Barrier has multiple degrees of freedom. It takes more 

time to deploy. To solve the problem by designing a ballistic barrier in origami bases. An 

origami pattern has low degrees of freedom. Then, it can achieve a larger deployment ratio 

and surface area. This research demonstrates the design of a compact, light-weight, and 

deployable barrier that is useful from its monolithic construction, rapid actuation, and large 

deployment ratio [15]. 

 

 

Figure 16. Ballistic Barrier [14] 

 

9.  Bennett Frame 
 

The frame is made of Aluminum. The Bennett mechanism is used as a frame. In order to 

handle the shield easily by hand, the material needs to have less weight. One of such 

materials is aluminium having low density and ability to resist corrosion. Therefore 

aluminium is considered. 
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Figure 17. Strength to Weight Ratio Comparison of Lightweight Aluminum 
Alloy of Different Grades 

The Ordnance industry requested the development of ultra-high-strength, light-weight 

alloy with corrosion resistance equal to or better than 7075.  In response, Tennalum Inc. 

developed an ultra-strength alloy called 7068-T6511 commonly known as Tennalum 7068 

with a yield strength of 683 MPa, it has the highest mechanical strength of all 

commercially available aluminium alloys and exceeds that of many plates of steel. Its yield 

strength is approaching that of pre-hardened 41XX and 400 series stainless sheets of steel 

but at a third of the weight. In strength-to-weight ratio, the Tennalum 7068 out contains 

almost all engineering alloys. It has seen little commercial use. However, for many 

applications, there is no better alloy, not even titanium. 

 

10. Bulletproof Sheet 

The sheet which covers the Bennett frames is made of Kevlar 29. Kevlar K-29 in 

industrial applications, such as cables, asbestos replacement, brake linings, and 

body/vehicle armour. Some of the properties of Kevlar K-29 are shown in Table 3. 

Table 3. Properties of Kevlar k-29 

NO. PROPERTIES KEVLAR - 29 

1. Tensile modulus 83 Mpa 

2. Tensile strength 36 Mpa 

3. Elongation 4% 

4. Density 1.44 g/cm3 

5. Tensile yield strength 2758 Mpa 

6. Modules of elasticity 62 Gpa 

7. Poisson ratio 0.44 

8. Elastic modulus 41.4Gpa 
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When rotating the Kevlar, the resulting fibre has a tensile strength of about 3,620 MPa and 

a density of 1.44 kg/cm3. The polymer owes a lot of inter-chain bonds to its high strength. 

Between the carbonyl groups and the NH centres, these intermolecular hydrogen bonds 

form. The extra strength comes from the interactions of aromatic stacking between 

neighbouring fibres. Instead of the interactions and chain length of van der Waals that 

typically influence the properties of other synthetic polymers and fibres such as Dyneema, 

these interactions affect Kevlar. The presence of salts and some other impurities, in 

particular, calcium, which interferes with the interactions of the strand and precaution is 

taken to prevent its development from being integrated. The structure of Kevlar consists of 

relatively rigid molecules which also form structures such as planar sheet-like silk protein. 

 

11. Design Calculation 

The aluminium alloy is selected based on its yield strength. Generally, aluminium alloys 

have yield strength in the range of (200-600) N/mm2. In a regular gun, usually, a 5-gram 

bullet is shot at a speed 350m/s in a 0.75m long barrel. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18. Stress and Force Exerted on Aluminium Sheet 

F=0.5mv2/d gives the force exerted by the bullet. Take m= 0.005kg; v= 350m/s; d= 0.7m. 

Hence F= 408.333N is obtained. The tip of the bullet exerts force within 1mm. Therefore 

an aluminium alloy with (500-600) N/mm2 yield strength needs to be selected. Tantalum 

7068, an aluminium alloy with 683 N/mm2 yield strength is selected. Stress and Force 

Acting In the Aluminum Alloy and found out using the work-energy theorem. For 5g 

,    
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Bennett mechanism with Opposite sides are equal are taken for calculation 

 
 

Assumption  α = 200 and β= 13.850. 

Then l1=l3=100mm and l2=l4=70 mm 

For Type 2. 
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bullet at speed 350m/s and barrel 0.75m long. The weight of the bullet founds a force of a 

bullet. 

 

a  b  

Figure 19.  (a) Four Bar Bennett Mechanism, (b)  Coordinates of Ballistic 
Barrier found in Autocad Software 

By using the values used in design calculation, coordinates of 9 Bennett mechanisms 

can find out using AutoCAD software package, as shown in Figure 19. 

 

12. 3D Modelling 

Each Bennett frame can be modelled using aluminium, as shown in figure 20. The 

figure shows Bennett mechanism of Type 1. Link 2 and 4 will have the same dimensions, 

and link 1 and 3 will have the same dimensions. 

 

a  

b  
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e  
f  

g  h  

 

Figure 20.  (a) Link 2 & 4 3D Model, (b) Link 1 & 3 3D Model (c) Side View of 
Links, (d) Top View of Links (e) Assembly View (f) Assembly View (2) (g) 

Assembly View (3) (h) Assembly View (4) 

13. Conclusion  

There have been studies of two forms of 4R mechanisms of Bennett with distinct 

features. These two forms were used in this research to find their working range for 

foldability analysis. The findings have shown that the mechanism type 2 Bennett 4R is of 

higher operating range than the mechanism type 1 Bennett 4R. The last revolute joint in a 
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Bennett was replaced with a spherical joint, which was also analysed. Similar results were 

obtained during the foldability test for the Bennett 4R and Bennett RRRS 

mechanisms.     Therefore, 4R or RRRS may be used in the manufacture of the ballistic 

barrier. A network was then developed using Bennett 4R mechanisms. Concerning 

networks, the operating range was better for type 2 Bennett 4R mechanism. A saddle shape 

was observed while examining the shape of the Bennett network. The twist angles present 

in the Bennett mechanism links were observed to give the perfect surface for saddles. 

Through their form, the saddle structures become more robust. Bennett networks are, 

therefore, a convenient way to create deployable ballistic barriers. The frame is the Bennett 

mechanism, and it can be made of Aluminum and the sheet covering the frame is made of 

Keplar 29. 
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