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ABSTRACT 

As we all know the engine to be regarded as key part of the vehicle. The 

technical requirement for engine becomes more and more critical with the increasing 

environment protection and clear energy demanding. 

Even MPI system cannot meet the requirement now. Therefore the new engine 

technology invented. It’s called GDI (gasoline direct injection). Compared with MPI 

engine GDI engine has more power and lower consumption. In order to have a better 

injection the system pressure must be higher. The high pressure pump which can 

produce pressure is regarded as the key components for high pressure pump. Improve 

the quality of pump and its components can improve the GDI engine. 

The pump is assembled by dozens of components which should be bear the 

worse working condition, such as high pressure, corrosion, high temperature, and fuel 

damper. The quality of components can influence the quality of high pressure pump. 

On the market the pump is mainly with one piston. The study is focused on one piston 

high pressure pump. Study is: Analysis the failure mode of pumps. Clarify the key sub 

components which will lead the failure of pump. Find the key components by using 

six sigma and validation. Propose a new design of the components. Design the test to 

validate the new design. Details are:  

(1) Analysis the failure mode of high pressure pump 

Almost 80% of pump failure is occurred at pump drive train, inlet valve and 

outlet valve. 20% of pump failure is occurred at pressure chamber and pressure 

release valve. The failure at Coil valve is slight and accidental. Improve the pump 

drive train; inlet valve; outlet valve can improve the quality of pump. The study is 

mainly focused on these 3 sub components.  

(2) Analysis the failure mode of pump drive train and improvement 

The root cause for pump drive train failure and pump failure is the dot on the 

cam. The risk of pump failure will be increased by the number of dots after using six 

sigma and validation. The hardness of cam is the root cause of dots. After increase the 

hardness of cam and applied the new cam by nearly 3000 hours validation. The pump 

drive train works well. No pump failure. 

(3) Analysis the failure mode of inlet valve and improvement 

The filter broken is the failure mode of inlet valve. The particles will fluid into 
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pump and cause pump failure. The root cause for filter broken is the material 

robustness of filter net. After change the material of filter net and applied 500 hours 

validation. The resistance force of material is still ok after validation. The inlet valve 

works well. 

(4) Analysis the failure mode of outlet valve and improvement 

The serial wear and broken of outlet valve spring is the failure mode of outlet 

valve. The efficiency of pump will be decreased if the outlet valve failure. The design 

of spring is not suitable. After re-design the spring and applied 1×107 validation. The 

new spring condition is quite good after validation. The outlet valve works well. 

The study provide the experience of finding the key components which can cause 

pump failure and provide a new design solution which can make pump more 

robustness . The quality of high pressure pump is improved. 

 

Key Words: GDI, High pressure pump, drive train of pump, inlet valve, outlet valve 
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 C Si V B Nb Mn Cr 

 1 2 3 4 5 6 7 

R +86.36 +55.90 +43.64 +25.86 -17.84 -15.30 -1.42 

% 

100%  

100 64.7 50.5 29.9 20.7 17.7 1.6 
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GEFRAN PY3 5.13  

1 10 50mm 2 M2.5

3 ,±0.05% 4 -30℃ 100℃ 5

108  

 

5.13 PY3  

 

 

A/D CPU  

Omega PX409 5.14

1  RoHS 2

 100M Ω @ 50 Vdc 3  100 4

 DC ~ 1 kHz 5  <1 ms  6  0.3 
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~ 69 bar 7  316 8  ¼–18 NPT  

 

5.14 Omega PX409  

5.4.4  

N 1×107

1×107 5.15B 5.15A
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2 0.36mm

7.5

1.4438 Cr17Ni14Mo3 1.4568 X7CrNiAl17  
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