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STEP 1: PROBLEM 
STATEMENT

Design a Connecting Rod

The material is a Ti75a

For low Weight(Cost)

허용응력에만족하고좌굴이생기지않으
며일반적인성능(토크)을발휘하는로드

커넥팅로드의형상은자유형상이아닌봉
(단면넓이,길이)으로간략화



STEP 2: DATA AND 
INFORMATION COLLECTION(1)

A) Angular velocity of the connecting rod
e + r1 + r2 + r3 = 0  (e=0)
ω1 x r1 + ω2 x r2 – Vp = 0
ω2 = ‐ (ω1 r1 cosθ) / (r2 cosβ)
ω2 = ‐ω1 cosθ / [(r2 / r1)2 ‐ sin2θ] 0.5

B) Angular acceleration of the connecting rod
ω1 x ω1 x r1 + ω2 x ω2 x r2 + α2 x r2– ap = 0
α2 = (‐ω1 x ω1 x r1 j ‐ω2 x ω2 x r2 j ) / ( k x r2 j )
α2 = (1 / r2 cosβ) [ω1

2 r1 sinθ – ω2
2 r2 sinβ]

C) Absolute acceleration of the connecting rod
a = aA + α 2 x ρ + ω 2 x ω 2 x ρ
= (‐ r1 ω1

2 cosθ – ω2
2 u cosβ ‐ α2 u sinβ) i

+ (‐ r1 ω1
2 sinθ – ω2

2 u sinβ + α2 u cosβ) j



STEP 2: DATA AND 
INFORMATION COLLECTION(2)

D) Forces at the connecting rod ends

FX – mp aP ‐ Gas Load = 0 

FBX = – (mp aP + Gas Load) 

FBY = [mc ac.gY u cosβ ‐mc ac.gX u sinβ + Izz α2 + FBX r2 sinβ] 
/ (r2 cosβ)

FAX = mc ac.gX ‐ FBX
FAY = mc ac.gY ‐ FBYα2 x r2 = α2 k x (r2 cosβ i + r2 sinβ j) 



STEP 2: DATA AND 
INFORMATION COLLECTION(3)
로드에작용하는토크및힘분석

초기값

A 0.141

M_c 0.55

r_2 0.141



STEP 2: DATA AND 
INFORMATION COLLECTION(4)

Alternating stress & Mean stress

Fatigue strength 

Safety Factor from Modified‐Goodman Diagram
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Corretion Factors

C_load Aixal load

C_size Very small

C_surf Machined

C_temp <450℃

C_reliab 99%
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STEP 2: DATA AND INFORMATION 
COLLECTION(5)

상수명 상수값 설명

D 0.079(m) 피스톤내경

Izz 0.00144(Kgm2) 회전관성모멘트

M_p 0.439(Kg) 피스톤질량

r_1 0.0485(m) 크랭크반지름

theta 385(Deg) 최대힘크랭크각

theta2 175(Deg) 최소힘크랭크각

N 3600(RPM) 엔진회전수

재료물성치(TI‐75A)

피로강도 139(Mpa) 피로해석

극한강도 586(Mpa) .

밀 도 4400(Kg/m3) .



STEP 3: DEFINITION OF 
DESIGN VARIABLES

Connecting rod 
length : r2

Cross sentional    
area : A



Step 4: Identification of a Criterion 
to Be Optimized

Mass of the Connecting rod

2 2( , )f A r Arρ=



STEP 5: IDENTIFICATION 
OF CONSTRAINTS

Buckling  by  axial load on Conrod

Minimum Torque

Fatigue strength by Fluctuaing Stress

Conrod length/Crank radius Recommendation 1

Conrod length/Crank radius Recommendation 2 

2 2
max

1 2 0F EAg
A l

π
= − ≤

2 134 cos - F_AX+sin - F_AY 0
2 2

g π πθ θ⎛ ⎞ ⎛ ⎞= − ≤⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

max min max min
f ut ut f

F F F Fg3=S S -2 S + S 0
2 2a a

⎡ − + ⎤⎛ ⎞ ⎛ ⎞ ≤⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦

2 1g4=r -5r 0≤

5 1 2g =3r -r 0≤



GRAPHICAL SOLUTIONS

도해기법을통한최적해도출
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