
                  Furkan Panayır Task1 

FINAL PRODUCT = BICYCLE 
 

No Name of Part Symbol and Number of 
Part 

1 Frame SP1 (single part no1) 

2 Handlebars SP2 (single part no2) 

3 Front Wheel SP3 (single part no3) 

4 Rear Wheel SP4 (single part no4) 

5 Seat SP5 (single part no5) 

6 Pedals (2) SP6 (single part no6) 

7 Chain SP7 (single part no7) 

8 Brakes (2) SP8 (single part no8) 

9 Brake Calipers (2) SP10 (single part no10) 

10 Gears (2) SP9 (single part no11) 

11 Wheel Assembly AP1 (assembled part 1) 

12 Gear Assembly AP2 (assembled part 2) 

13 Frame Assembly AP3 (assembled part 3) 

14 Lower Gear Assembly PZ1 (assembled lower part 
1) 

15 Lower Frame Assembly PZ2 (assembled lower part 
2) 

16 Complete Bicycle FP (final product) 
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Manufacturing Process of Bicycle 

Furkan Panayir 160477 
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 Name of part 

Name of part                              

The Bicycle Frame 

 

Main structural component 

 

The prepared for: 

-the series production 

  

No 

operati

on 

Name of operation  

Name of  

Production 

workstation 

Symbol of 

production 

worrkstation 

 
Set up time 

 

run time 

 

Notes: 
 

10 
Cuting 

Material 
Cutting Machine FD2/250  0,4 0,3  

20 End Forming / Facing Lathe 48we43  0,6 0,4  

30 
Tube forming 

Bending and shaping 
Hydraulic tube bender HRB 40  0,5 0,6  

40 
Frame welding 

Connecting tubes 
Welding station  

878D 

 
 0,7 0,5 

Tungsten Inert 

Gas welding 

50 
Heat treatment 

Strengthening frame 

 

Heat treatment furnace

  

ELF11/14B  0,2 0,7 
Controlled 

cooling  

60 
Surface treatment 

Polishing and etching 
Angle grinder 

DWE4117 

 
 0,3 0,35 

Chemical and 

mechanical 

processes 

70 
Strength testing 

Durability verification 
Frame testing rig 

HZ-1414 

(lixian) 
 0,2 0,3 

Load and stress 

testing 

80 
Final inspection 

Quality control 
Quality control station 

Kangu 

18.004.1 
 0,05 0,15 

Dimensional 

and visual 

inspection 
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Engineering Management 

Date: 
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Checked by: 
 

Date: Notes: 
All operations 

follow 

technical 3D 

drawings 

 

 



Instuction card    Furkan Panayir 160477 
Simbol of part : 
Z1 

Code : 

Operation:  
 
Bicycle frame production 
 

Workstation/ 
assembly station 

No of 

operation: 

8 

S
et
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n
g
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ti

o
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R
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g
e 

      
D
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Operation content 
 
Narzędzie 

Parameters of 

production/assembly 
 

Time 

of 

opera 

tion 

[min 
] 

D 
, 

d 

 
B 

 

 
L 

 

 
ap 

 

 
f 

 

 
fz 

 

 
vf 

 

 
vc 

 
n 

 

 
i 

- - - 

 

 

 

          Cuting 

           Material 

 

Cutting 

Machine 

FD2/250 

 

 

- - - - - - - - - 42 

- - -  

 
 

End Forming / Facing 

 

 
Lathe 

48we43 

- - - - - - - - - 60 

- - -  

 

 

Connecting tubes 

Hydraulic 

tube bender 

HRB 40 

- - - - - - - - - 66 

- - - 

 

 

Polishing and etching 

Angle 
grinder 
DWE4117 

- - - - - - - - - 39 

- - -  

 

Strength testing 

Durability verification 

Frame 

testing rig 

 

HZ-1414 

(lixian) 

- - - - - - - - - 30 

 



   

 

Final inspection 

Quality control 
Quality 

control 

station 

Kangu 

18.004.1 

         12 

Sketch and notes: 

Times:I translated total set up time and run time into minute, it was by hours at technologic 

process card 

Machining fixtures and 

holders: grinder 

Tool fixtures and 

holders: 

Measuring tools: 

 





FURKAN PANAYIR CRITICAL PATH TASK ABOUT BICYCLE PRODUCTION 

Previous process  
 

Proces designation  
 

Duration of the 
proces (work hours)  
 

Numer of workers  
 

Start 
 

A 3,5  4 

A B 4,5 3 

A B C 12,5 2 

C  D 13 3 

C D  E 7 2 

E F 9 4 

 E F G 6 2 

 F G H 2,5 1 

 

 

 

0 A 3,5 

0 3,5 3,5 

 

 

 

 

40,5 G 46,5 

43,5 6 49,5 

3,5 B 16 

3,5 12,5 16 20,5 D 33,5 

20,5 13 34,5 

49,5 H 52 

49,5 2,5 52 

16 C 20,5 

16 4,5 20,5 
40,5 F 49,5 

40,5 9 49,5 
33,5 E 40,5 

34,5 7 40,5 

START 

0 

END 

52 

(CRITICAL PATH IS HIGHLIGHTED IN YELLOW) 



Adapt 

Combine 

Substitute 

Bicycle 
Production 

Reverse 
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Put to 

another use 

• The standard 
circular lube 

design used in 
many frames 

could be modified 
10 an 

aerodynamic 
teardrop shape. 
Which IS 1dea1 for 
high speed raong 

blcydes. This 
change woold 

g1vea 
competitive edge 

in tc-rmsof 
performance 

•Instead of 
ma n.ual poltshing, 
implementing a 
robolic polishing 

arm system 
would not only 
speed up the 

process 001 also 
ertSure 

conS1Stency in 
surface finish 

qualrty across all 
units. 

Modify 

Eliminate 

• The production 
la�out can l>e 

modified into 21 U 
shaped wort< cell 

to 1ml)l'ove 
efficic-t1cy 

Workers ca.n 
move less and 

lhe matenals can 
Uow smoothly 

through 
COflSECl..JWe 

sleps, leading to 
reduced cycle 

lime 



Furkan Panayir 160477 Engineering Management 

Morphological Analysis – Sustainable Urban Bicycle for Students 

Phase I: diagnostic problem 

The problem is to analyze and potentially improve the design and production of a 

sustainable urban bicycle aimed at students. 

 

Goal: Balance affordability, sustainability, and functionality in an urban commuting context. 

Phase II: Parameter Identification 
Parameter State I State II State III 

A. Frame Material AI Aluminum  AII Recycled Steel AIII Bamboo 

B. Drive System BI Chain BII Belt BIII Electric Hub 

C. Brake Type CI V-Brake CII Disc Brake CIII Regenerative 

D. Assembly DI Manual DII Semi-
automated 

DIII Fully 
automated 

E. Testing EI Manual EII Semi-
automated 

EIII Fully 
automated 

 

Phase III: Problem Synthesis 

- A2B3 (Recycled Steel + Regenerative): An ideal match for cost-effective, energy-

regenerative systems. 

- A3B2 (Bamboo + Belt): Unconventional but eco-friendly but may need reinforcement. 

- A2B1 (Recycled Steel + Chain): Traditional, economical combination. 

- A3B3: Challenging due to bamboo's compatibility with Electric Hub. 

Phase 4: Combine with parameter C (Brake Type) 

- A2B3C2 (Recycled Steel + Electric Hub + Disc): Balanced. 

- A3B2C1 (Bamboo + Belt + V-Brake): Viable. 

- A2B1C3 (Recycled Steel + Chain + Regenerative ): Limited compatibility. 

- A3B3C3: Not recommended due to structural mismatch. 

Step 5: Add parameter D (Assembly method) 

Combinations: 

- A2B3C2D2: Recycled Steel + Electric Hub + Disc + Semi-automated (good balance). 

- A3B2C1D2: Bamboo + Disc + V-Brake +  Semi-automated (feasible). 

- A3B3C3D3: Not possible to make due to structural mismatch. 



Step 6: Add parameter E (Testing approach) 

- A2B3C2D2E2: Optimal balance (semi-automated testing). 

- A3B2C1D2E2: Reasonable for moderate production. 

- A3B3C3D3E3: Impractical due to base incompatibility. (Also Expensive) 

Final Results Matrix: 

 

Combinati

on 

Frame 

Materi

al (A) 

Drive 

System 

(B) 

Brake 

Type (C) 

Assem

bly (D) 

Testing 

(E) 

Viability Notes  

A2B3C2D

2E2 

Recycle

d Steel 

Regenerat

ive 

Disc 

Brake 

Semi-

automa

ted 

Semi-

automa

ted 

 Optimal Cost 

effective, 

eco 

friendly, 

good for 

mass 

production 

 

A3B2C1D

2E2 

Bambo

o 

Belt V-Brake Semi-

automa

ted 

Semi-

automa

ted 

 Possible Lightweight 

and 

sustainable; 

may need 

strength 

evaluation 

 

A2B1C3D

1E1 

Recycle

d Steel 

Chain Regenerat

ive 

Manual Manual  

Acceptabl

e 

Old-school 

mix manual 

labor 

intensive, 

but 

affordable 

 

A3B3C3D

3E3 

Bambo

o 

Electric 

Hub 

Regenerat

ive 

Fully 

automa

ted 

Fully 

automa

ted 

 Not 

recommen

ded 

Structural 

incompatibi

lity; high 

cost, low 

feasibility 

 

A1B2C1D

2E1 

Alumin

um 

Belt V-Brake Semi-

automa

ted 

Manual  Feasible Light, 

standard 

solution; 

good for 

affordabilit

y 

 

A2B3C2D

3E3 

Recycle

d Steel 

Regenerat

ive 

Disc 

Brake 

Fully 

automa

ted 

Fully 

automa

ted 

 High cost Technically 

optimal, but 

expensive 

and slower 

 



to 

implement 

A3B1C2D

1E1 

Bambo

o 

Chain Disc 

Brake 

Manual Manual Unstable Frame 

material 

may not 

tolerate 

torque from 

chain drive 

 

 

 

Final Analysis 
Based on the complete morphological analysis, two optimal combinations are possible: 

 

1. A2B3C2D2E2 

Recycled steel frame, regenerative drive system, disc brakes, semi-automated assembly and 

testing. 

Advantages: Scalable, eco-friendly, practical for city use 

Considerations: Reinforce frame durability 

 

2. A3B2C1D2E2 

Bamboo frame, disc brakes, V-brake system, semi-automated processes. 

Advantages: Lightweight and sustainable, low cost 

Considerations: Evaluate frame integrity and safety standards 

 

After the Analysis – What Needs to Be Done? 

 

1. Changes in Production 

• The machines might need to be retooled or updated to work with new systems like 

regenerative brakes and semi-automated assembly. 

• We will need new equipment for testing the bikes, especially if we choose semi-

automated or automated methods. 

• If we use materials like bamboo or recycled steel, we must make sure our machines 

can work with them. They are different from traditional materials like aluminum. 

 

2. Hiring New People 

• Some workers should have experience with special brakes or electric parts. 



• We may also need experts for new materials, for example people who know how to 

work with bamboo. 

• If we change the way we test bikes, we will need technicians or testers who can do 

the job correctly. 

 

3. New Documents 

We will need to write or update several documents: 

• Assembly guides and instruction manuals for the new bike models. 

• Safety certificates and product information sheets for public use. 

• Any documents needed for selling the bikes in different countries or regions (like CE 

marking in the EU). 

 

How Morphological Analysis Helps: 

 

This method is very useful because it helps in many areas: 

• We can design new products, like a smart or eco-friendly bike. 

• We can use new materials, such as bamboo or recycled steel. 

• We can reach new customer groups, for example students or city commuters. 

• It helps us find new ideas to beat the competition, such as offering bikes that are 

easier to recycle or charge. 

• It helps us think about new ways to promote the bikes, like using sustainability as a 

marketing tool. 

• It shows us where we can sell the bikes, maybe in new cities or countries with a 

focus on green transport. 

 


