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There are many requirements and features that are necessary to design an improved 

load carriage system. The following design objectives were selected to fulfill the initial 

client statement: 

1. Lightweight: An improved load carriage system must be less than or equal to the 

weight of commercially available options for backpacks.  

2. Adjustable: The load carriage system must be adjustable to adapt to the wide range 

of backpackers and varying load ranges. Additionally, design features may have 

dependencies on walking speed and thus those features will need to be variable.  

3. Durable: The material selected must be durable and endure weather, as backpackers 

hike long distances in all weather.  

4. Optimize load distribution: It is imperative that an improved load carriage design 

optimizes load distribution to different parts of the body to minimize injury and fatigue. 

(Delaney et al, 2017). 

 

The design process of the prototype was initiated by analyzing the performance 

specifications to determine the set of needs the design should address. Alternative 

designs were evaluated based on the results of surveying a focus group, comparing 

various functional means, and determining feasibility when combining conceptual 

designs. The decision making factors that went into final design selection included a 

configuration to minimize loading and accomplish optimal load distribution, material 

properties to achieve durability, stability, and comfort of the pack, appropriate cost of 

materials to construct a design that can be comparable to others on the market, and 

achievable manufacturability of the design(Delaney et al, 2017). 

 

2.3. Prioritized features for load carriage equipment 

Three main functions that needs prioritizing  

1. Minimize Loading: This encompasses reducing the vertical loads on the entire body 

as a unit and on specific body parts. Optimal load distribution was also included in this 

category because most of the pack load should be transferred to the lower limbs 
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CHAPTER THREE: METHODS AND MATERIALS 

INTRODUCTION 

This chapter covers the methods and procedures utilized in this research study. The 

methods and procedures developed with in this chapter were used to generate findings 

about military individual load carriage equipment (Tactical Vest) products in relation to 

new product development concept. The following sections are included in this chapter; 

data collection, material selection, technical specification sheet, product feature and its 

design. 
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3.1. METHODOLOGY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Research methodology flow Diagram 
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weave canvas. The quality of the canvas product is determined by the weave and by 

the water, fire resistant and/or anti-mildew treatments. 

3.2.2.1.2. polyurethane 

This material  characterized by its light weight, resiliency, low odor and high resistance 

to mildew  mostly used in hundreds of products to provide comfort, support, protection 

and safety such as shoes, vehicle, computers, mirrors, furniture generally for fragile and 

non-fragile materials. This material used as comfort material due to its good resiliency 

,light weight and high mildew resistant property that can make the straps and shoulder 

pads safe and comfortable. In this project it will incorporate to the tactical load carriage 

shoulder straps, back pack surface pads and holster pads all what it create good 

comfort on body parts that carried noticeable load. See figure 3. 

  

Figure 3: Polyurethane foam board 
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 On the one side tip there are two output ports and one in put ports. And 

also power button and power display LED. 

 One power cable for both output and input functions. 

 Storage capacity 12000mAh, input 5v/1.5A and output 5v.2.1A. 

  

Figure 14: Power bank 

3.2.3.2. Solar panel (Receiver)  

For the case of this project GDPLUSTM solar lighting system panel was selected. The 

specification of the device as the follow: see figure 15. 

 Charge power is dependent on 

power stored 

 Charge method 9V Solar Panel 

/ DC5V / Micro 

 Solar Energy (W):3 W 

 Output Voltage (V):DC6V 

 88 * 37 * 142 mm 

 certificate: CE 

 Weight: 29 / 27Kgs 

 The product has USB port 

output, as a USB charger for 

USB powered devices. 
 

 

 

 

 

 

Figure 15: Solar panel 
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3.4.2. Measurement Chart  

Table 2: Measurement chart for tactical vest load carriage equipment 

 

No. 
 

Measurement    

Tol. +/- 
inch  

                                                      Tactical  Military Vest  
1.  Chest circumference 38 ½ 

2.  Center front Length 28 ½ 
3.  Center Back length 21 ½ 
4.  Hip circumference 40 ½  ½ 
5.  Shoulder girth  19 ½ 
6.   Front hip girth  21  
7.  Side panel width  3 ½  ¼ 
8.  Shoulder padding width  3  
9.  Armhole depth     14 ¼ 
10.  Neck drop  6  

                                        Back pack  
       Width  15  

      length 22 ½ 
      Depth 13  

Striking face plate insertion pouch 
                           Width  9 ¾  

     length 9 ½ ½ 
AK-47 Magazine 

                      
     

       length 9.5  
       width 2 ¼  

Military Radio 
                             length 5 ½ ¼ 

       width 2 ¾ ½ 
Med kit 

        Length  8 ½ ¼ 
       width 5 ½ ½ 

Water canteen 
        Length  7 ½   

       width 5 ½  ¼ 
RGD-5 Grenade pouch 

       Length 4 ½  ¼ 
      width 2 ¼   
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Sketches of the improved Military load carriage equipment  

 

 

 

 

 

 

 

  

 

 

  

 

 

 

 

 

  
 

Figure 17: Improved Military load carriage equipment sketch 
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Improved Design of the individual Military load carriage equipment 

AI, CAD design of the Tactical Vest 

 

Figure 18: AI, CAD design of the Tactical Vest 
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  3D of the individual Military load carriage equipment  

PS, CAD design of the Tactical Vest 

 

Figure 19: 3D of the Tactical Vest (with PS) 



 
 
  

  36 
 

CHAPTER FOUR: RESULT AND DISCUSSION 

This chapter focuses on interpreting, analyzing and discussion of the results standing 

on the data which collected from different sources by considering the objective of the 

study. It covers the current load carriage equipment details and the questionnaires 

respondent detail discussion and analysis. In general this chapter presents analysis of 

major findings in text and chart forms.  

4.1. The Current load carriage System 

The current load carriage system of the Ethiopian defense force particularly the ground 

force is hip belt load carriage system. This is made from nylon-polyester textile 

materials and it produced as straps, belts and other webbing products. The hip belt load 

carriage system loads their armament equipment all around the hip by the mechanism 

of hanging (suspending). See figure 20. 
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          Figure 20: The current Ethiopian mechanized solider load carriage equipment details 
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Table 8: Current Ethiopian dismounted military individual load mission planning 

No,  Item(load Equipment) Loaded Body 

part 

Location of  

load equip. 

No, 

Equipment  

Equipment 

weight kg 

1.  AK47- Semi automatic 

machine gun 

Shoulder Right 

shoulder 

one 4.025 

2.  AK47, Cal, 7. 62 x 39mm, 

30 rounds magazine  

One side hip hip 3 2.77 

3.  RGD-5 grenade  Both side hip  hip 2 0.84 

4.  Weapons oil  One side hip  hip One  0.68 

5.  Water bottle(canteen) One side hip  hip One  1.337 

6.  AK47, Cal, 7. 62 x 39 mm 

Bullets  

One side hip  hip 90 2.16 

7.  Back Pack  Back  Shoulder 

and hip 

one 13.188 

8.  Total external load                                                                    25 kg 

 

The other Equipment which loads on the dismount military personnel like rations, 

reserve water bottle (canteen), ensemble clothing, cleaning and care tools, sleeping 

mat, power source, additional first aid medication tools, and blankets is kept on the 

patrol backpack. The equipment can have load approximately half (13.188 kg) of the 

other non-packed equipment load which is loaded on different body part. While the 

empty load carriage equipment weighed around 2 ½ KG out of total 25 KG load.   

From table 8 the data shows there is unbalanced load distribution. In which to keep 

body center mass and can result in less cost of energy. Therefore the existing load 

carriage clearly have ergonomics problem.  

Comparison of the existing version loads carriage equipment product and new designed 

and developed equipment product and its detail analysis was done dome based on the 

data from questionnaires, existing military equipment study and lab test results. 

Therefore all the data enables the study to be realized and help to make accurate 

decision on design and developing the new military load carriage system. 
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Price of each equipment listed down on the following table 9 

Table 9: The current military load carriage equipment price 

No. Equipment type Material type Unit Price(Birr) Function 

1.  Military Suspender Cotton/polyester 700 For suspending all load 

equipment, to distribute load 

2.  Military Belt Nylon 450 For hold the load all around 

the hip and keep secured. 

3.  AK-47 magazine pouch Leather 120 (3) = 360 keeping the loaded magazine  

4.  RGD-5 Grenade pouch Leather 45 (3) =135 Keeping the grenade  

5.  canteen(Bottle) pouch Leather 75 For holding the water bottle 

6.  First aid pouch Leather 40 For keeping medics 

7.  Reserve unloaded 
bullet pouch 

Leather 80 For keeping Reserve bullet  

8.  Total Price 1840 Birr 

 

4.2.   Data analysis from  Questionnaires (survey)   

The questionnaires have 11 questions and one free space for comment and other 
missing idea want to be added. The question also concern about the design of load 
carriage equipment.  For detail see Appendix I. 

4.2.1. Gender 

 

Figure 21: Gender 

As shown figure 21 the questioner respondents were 100% men. 

It shows that almost all foot soldiers are men.  

100% Male

Female 
0%

Gender
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4.2.5.  Duration after joining the military staff (member) 

  

Figure 25: Experience  
As shown figure 25 the larger portions of respondents have served for more than 17 

years (77%).  

4.2.6. How many times participate on dismounted Operation, (trains, and 

mountains)?  

 

Figure 26: experience on operation  

As shown figure 26 the larger portion of respondents had participated on the range of 
four- seven times (36%) and more than seven times (28). This helps to get accurate 
data from their long usage of load carriage equipment. 

6 
mont

h
0%

1 yr. 
0% 2-3 yrs.

0%
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16%
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yrs. 
77%

Duration after joining the military staff (member)

None 
0% One time

10%
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12%

Three times
14%

Four- seven times 
36%

More than seven 
times
28%

How many times participate on dismounted Operation, 
(trains, and mountains)? 
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4.2.7. What equipment you was carried? 

 

Figure 27: Employed military equipment on the operation 

As shown figure 27 the larger portion of respondents had carried webbing, weapon 

systems, ammunition, power source and radio (64%) during operation.  This helps to 

know what equipment employed on the dismounted military operation currently. 

4.2.8. How many loads was weight the total equipment?  

 

Figure 28: Total external load (equipment) during operation 
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As shown figure 28 large portions of respondents were carried external load on the 

range of 21-25kg (48%).  This helps to know the average standard weight of what they 

can and used to calculate the individual load carriage capacity. From the basis of 

standard principle for dismounted military personnel that can have carried external load 

half (50%) of its body mass weight regularly.  

4.2.9. How long you were walk and run? 

 

Figure 29: Duration with load (on walk) 

As shown figure 29 the large percentages of the respondents walk and run for 4-7 

Hours (58%). This implies the dismounted soldiers carried their combating equipment 

for long period of time that may result different ergonomic factor on their body posture.  
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ii. Tensile strength test 

Leather: Standard Test Method for Breaking Strength of Leather by the Grab Method, 

the measurement of the strength of leather is often necessary in order to determine its 

suitability for its intended application. This test method covers the determination of the 

breaking strength of leather by the grab method. It is intended for use on light, soft 

leathers; boarded, sueded, or embossed leathers tested on a specimen in the form of a 

rectangle piece; narrow strap, welt, lace, and round belt leathers; or other leathers that 

cannot be accurately tested by Test Method D2209. This test method does not apply to 

wet blue. The test method is not recommended for breaking loads over 500 lbf (2200 N) 

because of slippage of the specimen in the jaws. For this project the test of these 

materials as the standard testing method suggesting taken with grab test, but slippage 

of the specimen in the jaws occurred and this results not successfully testing this test.  

The Other tests for Leather not available, the researcher expect that use general 

theoretical parameters for this material. Particularly for basic test that comparatively 

similar with canvas fabric.  

4.3.2. Improved load carriage material tests 
I. Structure test 

GSM 

Digital GSM Scale offered is designed for delivering precise and accurate reading and is 

made available with high contrast LCD display option for easy handling of the system. It 

can be operated on adapter and have capacity of 300 gm. with least count of 0.01 gm. -

The textile material weight has factor for the application area of the end product, the 

gram square per meter of fabric should be known for different application. The standard 

Test Method(s): ASTM Test Method D3776ASTM Test Method D 3776, Standard Test 

Method for Mass per Unit Area (weight) of Fabric. For this project the canvas fabric test 

results shows 588 g/m2. And this result much lower than leather 1249 g/m2, of leather. 

Therefore for military application the canvas is more recommended and an effective 

material.  
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result shows that 6302 N (642.6 Kg) with 0.92 % elongation for 180 seconds as shown 

in figure 33 . From the test result the material perform the applications and it is good for 

holding main loads carried by military personals. 

 

Figure 33: military webbing tensile strength test 

Military 3D Spacer Mesh Fabric : The tensile strength test result of this polyster weft 

knited mesh fabric shows that, weft direction 588N (60 kg) with 109.5% elongation for 

131.6 second and warp direction 875 N (89.2 kg) with elongation 36.75 % for 44.1 

seconds. As shown in figure 26. In addition its main function (ventilation) the fabric 

should have good tensile strength for military application.   

 

Figure 34: Military 3D spacer mesh fabric tensile strength test 
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½ inch polyster strap : For the case of this project strong thin strap is used as draging 

velcro closur magazine pouch flaps. For this purpose the tensile strength test result 

shows that 776N (79.1 kg) with 88.25 % elongation for 10.6 seconds. The strength of 

the material is strongly enough for its functional purpose. 

1 inch Nylon Webbing Strap: this nylon 1inch width medium weight webbing materials 

functioned for hungering all the  separrable load components of the the military tactical 

vest. For this matter the selected material ( nylon strap) tensil strength test shows that 

1735 N (176.6 kg) with 25.05 % elongation for 30.1 seconds. As shown on the test 

results the material has good strength to perform its function.  

 

Figure 35:1 inch Nylon Webbing Strap tensile strength test 

Army green polyester lining: The strength of this material is important for its 

application specialy for making partision with in the back packs and other utility pouchs. 

For the case of this project the tensile strength test shows that 349 N (35.57kg) with 

14.89 % elongation for 18.9 second (weft direction) and 659 N (67.17 kg) with 

elongation 23.56 % for 28 seconds (warp direction).  



 
 
  

  52 
 

 

Figure 36: Army green polyester lining tensile strength test 

Army green nylon ½  inch strap: The test result shows that 1049 N (106.93 kg) with 

30.2 % elongation for 28 second. These narrow firmly woven straps well perform its 

application specially hanging detachable load combating equipment.  

 

Figure 37: Army green nylon ½ inch strap tensile strength test 

Army Green 1 ¼ inch strap: The test result shows that 3208 N (326.68 Kg) with 6.24 

% elongation for 103 seconds. From the test result the material perform the applications 

and it is good for holding main detachable loads carried by military personals. 

Army green sewing thread: for the case of  this project  heavy weight sewing thread is 

required, so army green bonded T-135 nylon 16 oz sewing thread meet the requirment. 







 
 
  

  55 
 

The test was done by using FX 3300 air permeability tester machine. The air 

permeability of canvas fabric relatively less than the other textile fabrics but more 

permeable than leather materials. The results from the test was test #1 reads 1.85 

cm3/cm2/sec, test #2 reads 1.9 cm3/cm2/s sec and test #3 reads 1.93 cm3/cm2 /sec. and 

the average of all the three  tests (1,2,& 3) become 1.89 cm3/cm2/ sec. 

Military 3D Spacer Mesh Fabric : The test done by using air permeability (FX 3300) 

tester machine. The air permeability of Spacer Mesh fabric relatively much more than 

the other textile fabric, mainly its primary function is gives the product good ventilation 

system. This material air permeability test shows that 383 cm3/cm2/sec. By comparing 

with standard 140cm3/cm2/98pa, and evaluate the result it is excellent air permeability 

property. Therefore for the case of the project, the material performs well its functional 

application effectively. 

                                              

Figure 39: Military 3D spacer mesh fabric Air permeability test 

Army green polyster linning:  the test result shows that, 13.6 cm3/cm2/sec.   

IV. Water Repellency 

Water repellency: the characteristic of textile to resist surface wetting. Water repellency 

of a fabric can be measured according to AATCC test method 0-100 Water repellency. 

water Repellency test is important for the case of this project as the end use purpose of 

the product for military application, to qualify as water repellent, the fabric must perform 
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to at least rating four (90% or better efficiency). Water Repellency Textiles are 

commonly used in fabrics for wind breakers outer garments, umbrellas, furniture 

decorations and military applications. The test done by standard spray rating tester 

equipment and the test results show 100 ISO 5. See figure 40. 

Performance specification 

Grade  Grade classification 

100(ISO 5) Excellent 

90(ISO 4) Very Good 

80(ISO 3) Good 

70(ISO 2) --- 

50(ISO 1) --- 

0 --- 

Source: (FTTS-FA-011) 

From the standard it implies the canvas fabric resist surface wetting. So, it is excellent 

for military application.  

  

Figure 40: Canvas fabric water repellency tests 

V. Serviceability test  

Snagging test  

In textiles, a snag is created when a sharp or rough object pulls, plucks, scratches, or 

drags a group of fibers, yarn, or a yarn segment from its normal pattern. Fabric 

Specimens in tubular form are placed one at a time on a cylindrical drum. A mace 
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(spiked ball) is allowed to bounce randomly against each rotating specimen. As the 

mace bounces over each specimen, snags could occur to a degree affected by a variety 

of fabric factors. The degree of fabric snagging is then evaluated by comparison of the 

tested specimens with visual standards that may be either fabrics or photographs of 

fabrics. The observed resistance to snagging is reported on a scale ranging from No. 5 

(no snagging) to No. 1(very severe snagging).Snagging test is more important for the 

case of this project developing product application area particularly when the soldier 

marching operation with in forest. For the case of this project canvas fabric has no 

snagging effects, from the test it shows that ISO 5 on snag density photographs. See 

figure 41. Photographic Standards Use as standard, graded photographs - which are 

still widely used for the assessment of specimens in evaluating surface changes after 

testing. 

 

Figure 41: Canvas fabric snagging tests 

Rate the appearance of the face of each specimen. rating for density of snagging on the 

face side opposite the seam on an evaluation area corresponding to the area of the 

rating standards being used. In accordance with the following scale:  
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Figure 42: Canvas fabric abrasion test 

For the case of this project the selected main fabric should have high abrasion 

resistance property. The selected olive green army canvas fabric abrasion test shows 

that 4 from the Photographic Standards. See figure 42. Fabrics that hold up well to 

abrasion are generally preferred for marine and outdoor cover applications. A rating of 3 

or greater is considered very well. Abrasion resistant fabrics are usually heavy, stiff, and 

often coated with vinyl or other resins which make their surfaces somewhat harsh2.  

 

Seam Slippage Test 

Seam slippage is the pulling away or separation of the fabric at the seam, causing gaps 

or holes to develop. It involves warp and weft threads pulling apart, but not yarn 

breakage. This test method is used to determine the resistance to slippage of filling 

yarns over warp yarns, or warp yarns over filling yarns, using a standard seam. It is 

used as an indication of the tendency of yarns to slip at a seam when stress is applied. 

The result is that the yarns pull out but the thread and the stitch doesn't rupture. To 

assess the seam slippage on the CRE (Constant-rate-of extension) Instrument, it is 

tested either at fixed seam opening or at fixed load. Seam slippage is usually caused by 

poor fabric design (too loose of a weave) or too narrow of a seam margin. Not using 

enough stitches per inch and a poor stitch balance can also contribute to seam 

slippage.  

                                                           
2 http://canvas-fabrics.com/Recommendations/abrasionresistance-info.htm 
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Figure 43: canvas fabric seam slippage test 

For the case of this project the seam slippage test result is 2 mm. for test canvas seam slippage 

three different specimens used and the average of those test 2mm, from the standard ASTM 

D1683; AHFA JIFS&G Ch.21, comparing and evaluating the test result of this canvas fabric 

seam slippage test and it is good seam slippage resistance. Therefore this fabric can perform 

well for military applications. 

 

4.4. Data Analysis From Material Test  

From the material test result, the selected canvas fabric can perform the requirement of 

the military application. Since the canvas fabric relatively good for military application 

than existing leather material, the testing result shows that canvas fabric have good 

snagging resistant ability, good water repellency property, less GSM, and relatively 

good air permeable property, than leather but relatively leather have higher strength and 

tear resistant property than canvas. On the other side leather have a chance of 

exposing lots of microbial (bacteria & fungi) degradation. And also its dimension 

affected easily when wet by rain (water). It may also expose for corrosion when 

contacting metals like copper. This and other critical factors for this material make it 

unsuitable for military application relatively that of treated canvas fabric. On contrast of 

this threated canvas resist all the above factors. That can easily treated with different 

finishing like, water repellant, ant-microbial treatment, and make it suitable for making 

the load carriage equipment for what proposed on the project military tactical vest with 

customable detach components.   
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4.6.3. Financial aspects  

The price of improved load carriage equipment is 3180.12 Birr and price of the existing 

load carriage equipment is 1840 Birr. On the basis of this, price of improved load 

carriage equipment product much more than the existing load carriage product. This 

comes from the additional feature of the improved product particularly integration of 

electronic device on the product and selection of quality material responsible for 

increasing cost of the improved product. As the cost different, the functionality and 

quality of the product quit different. Even the cost of improved more than the existing, 

the price is fair with respect to its application functionality value.  

4.6.4. Durability        

When comparing a single material by lab test result the existing material (leather) 

stronger than the improved material (canvas), but the improved product constructed by 

integrating webbing and straps with canvas, this make it much more strong, since 

webbing and straps has higher strength, from the range 3208 N (326.68 Kg) to 6302 N 

(642.6 Kg) force. As a whole the durability of the completed improved product almost 

the same as the existing. On the other Concept of durability is not only resist for a 

specific force it is also the product life as well, with this concept of durability the 

improved load carriage equipment is durable and have good serviceability quality 

dimensions.    

4.6.5. Weight of products     

when comparing a single material by lab test result,  the existing material (leather, 1249 

g/m2) much more heavier than the improved material (canvas, 588 g/m2), but With the 

same scenario for durability, weight (3.86 kg) of the completed improved product 

relatively heavier than existing (2 .35 kg). This comes from integrating webbing and 

straps with canvas and additional materials like 3D-spacer mesh fabric, lining, 

polyurethane and electronics equipment (solar panel and storage), therefore  the weight 

of improved product relatively more than the existing product. 
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Figure 45: Improved load carriage Equipment (Tactical vest) details 

Grenade pouch 

Water canteen 
pouch 
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Figure 46: Improved load carriage Equipment (Detachable Backpack) details 

Shoulder strap D-ring 

Shoulder strap free D-ring 

Shoulder strap webbing 

Adjustable chest strap 

Shoulder strap comfort 

Tringle load distributor 

3D-spacer mesh knit fabric  

Shoulder strap adjuster buckle  
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4.7. Implementation  

The implementation of the improved load carriage product is done by try-on four 

soldiers who are from Logistics, communication and security department with in west 

region heads quarter to realize applicability of the project output. They test (check) the 

applicability for one day, they are test the comfortability, adjustability and functionality of 

the product. The fit and comfort of the product also tested on the other civilian person, 

to show the effect of the design realization on the body of giant. Since it is not allowed 

take photos (They threat may posted with Facebook). So to show the product carriage 

effect on the giant with picture for third person, it is important try-on with civilian. See 

below figure 49.   
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Figure 48: The existing load carriage equipment system on the giant (source, http//www. 
Soldier combat field dress military uniforms Ethiopia-Ethiopian army) 
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Figure 49: The Improved Load Carriage Equipment on the Giant (Source, Author) 
As shown on the above figure the improved product is distribute loads on different body 
parts (shoulder, hip, chest, back and front) and all load equipment can detachable. And 
also have   good fit and comfort, because all the webbing and the straps pack the load 
on the center to keep body center of mass.  
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5.3. Project Limitation  

When studying this research, there was some critical problems like budget (financial) 

problem, fortunately the budget which funded from sponsored Institute not gave to the 

researcher, this result sever influence on the realization of project. 
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APPENDIX II 

Collected data result from 94 sample size participants 

No.  Questions  No of respondents  

 

 

1 

Gender   

 Male 94 

Female  0 

 

 

 

 

2 

    Age (Yrs.)  

 18-20 0 

   21-24 3 

   25-30 5 

   31-35 25 

   36-40 19 

  41-45 35 

   46-50 7 

  Above 50 yrs.  2 

 

 

 

 

3 

How many load your body mass weight?  

 50-55kg 0 

56-60kg 0 

61-65kg 45 

 66-70kg 21 

71-75kg 12 

76-80kg  9 

81-85kg 7 

86-90kg 0 

 More than 91kg 0 

 

 

 

4 

Military unit Position.  

  Unit 5 

  Shaleka 10 

Lt. colonel 10 

Asir aleka 0 
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APPENDIX III 

Project Work Photos / Product Development 

All PROJECT WORK PHOTOS 

 

During pattern making 
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Sewing component 
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Sewing detachable component 



 
 
  

  85 
 

 

 

 

Back pack sewing 
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Component Assembling  












