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→

α β

↓
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𝑦 =
𝐾𝑓𝑓

𝑣𝑛𝑜𝑚
𝑣𝑟𝑒𝑓 +

𝐾𝑝𝑒𝑟𝑒𝑓

𝑣𝑛𝑜𝑚
+ (

𝐾𝑖

𝑣𝑛𝑜𝑚
+ 𝐾𝑎𝑤𝑒𝑜𝑢𝑡) ∫ 𝑒𝑟𝑒𝑓𝑑𝑡 + 𝐾𝑔𝜃 

 



 

 

𝑒𝑟𝑒𝑓  =  𝑣𝑟𝑒𝑓   − 𝑣  

𝑒𝑜𝑢𝑡  =  𝑦𝑠𝑎𝑡 −  𝑦 

θ
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• ▼ 
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- 
- 

- 

 



 

 

• 
• 

• 

- 
- 
- 
- 

𝑐𝑦𝑐𝑙𝑒 𝑝𝑒𝑟 𝑠𝑒𝑐𝑜𝑛𝑑 =
𝑟𝑝𝑚

2 ∗ 60
 

𝐴𝑖𝑟 𝑀𝑎𝑠𝑠 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 =  𝑒𝑛𝑔𝑑 ∗ 𝜌𝑎𝑖𝑟 ∗ 𝑐𝑦𝑐𝑙𝑒 𝑝𝑒𝑟 𝑠𝑒𝑐𝑜𝑛𝑑 

- 𝑒𝑛𝑔𝑑 10𝑒−3

- 𝜌𝑎𝑟𝑖𝑎



 

 

𝐹𝑢𝑒𝑙 𝑀𝑎𝑠𝑠 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 =  
𝐴𝑖𝑟 𝑀𝑎𝑠𝑠 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒

14,7
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• The   



 

 

 

 



 

 

 

 

𝐹x =  𝑓(𝜅,  𝐹z)



 

 

𝐹𝑥 = 𝑓(𝜅, 𝐹𝑧) = 𝐹𝑧𝐷𝑠𝑖𝑛(𝐶𝑡𝑎𝑛−1[{𝐵𝜅 − 𝐸[𝐵𝜅 − 𝑡𝑎𝑛−1(𝐵𝜅) ]])

 𝜅 = 0 is 𝐵𝐶𝐷 · 𝐹z.

 

•  
•  
•  
•  

 

•  
•  
•  

 

𝑇𝑖 = 𝑇𝑎 − 𝑇𝑏 + 𝑇𝑑 

𝐿𝑒  



 

 

𝑇̇𝑑 =
𝜔𝑅𝑒

𝐿𝑒 + 𝜔𝑅𝑒
(𝐹𝑥𝑅𝑒 +𝑀𝑦) 

 

• 

• 

• 

 

 
 
 

𝐹𝑥    =  𝐹𝑤𝐹 + 𝐹𝑤𝑅 − 𝐹𝑑, 𝑥 − 𝐹𝑠𝑥, 𝐹 − 𝐹𝑠𝑥, 𝑅 + 𝐹𝑔, 𝑥 

𝐹𝑧    =  𝐹𝑑, 𝑧 − 𝐹𝑠𝑧, 𝐹 − 𝐹𝑠𝑧, 𝑅 + 𝐹𝑔, 𝑧 

𝑀𝑦  =  𝑎𝐹𝑠𝑧, 𝐹 − 𝑏𝐹𝑠𝑧, 𝑅 + ℎ(𝐹𝑤𝐹 + 𝐹𝑤𝑅 + 𝐹𝑠𝑥, 𝐹 + 𝐹𝑠𝑥, 𝑅) − 𝑀𝑑, y 

 



 

 

𝑥̈ =
𝐹𝑥

𝑚
− 𝑞𝑧 

𝑧̈ =
𝐹𝑧

𝑚
− 𝑞𝑥 

𝑞̇ =
𝑀𝑦

𝐼𝑦𝑦
 

𝜗̇ = 𝑞 

𝐹𝑆𝐹
=  𝑁𝐹[𝐹𝑘𝐹

− 𝐹𝑏𝐹
] 

𝐹𝑆𝑅
=  𝑁𝑅[𝐹𝑘𝑅

− 𝐹𝑏𝑅
] 

𝐹𝑘𝐹
=  𝑓(𝑑𝑍𝐹) 

𝐹𝑘𝑅
=  𝑓(𝑑𝑍𝑅) 

𝐹𝑏𝐹
=  𝑓(𝑑𝑍̇𝐹) 

𝐹𝑏𝑅
=  𝑓(𝑑𝑍̇𝑅) 



 

 

 

𝐹𝑑,𝑥 =
1

2𝑇𝑅
𝐶𝑑𝐴𝑓𝑃𝑎𝑏𝑠(𝑥̇ − 𝑤)2 

𝐹𝑑,𝑧 =
1

2𝑇𝑅
𝐶𝑙𝐴𝑓𝑃𝑎𝑏𝑠(𝑥̇ − 𝑤)2 

𝑀𝑑,𝑦 =
1

2𝑇𝑅
𝐶𝑝𝑚𝐴𝑓𝑃𝑎𝑏𝑠(𝑥̇ − 𝑤)2(𝑎 + 𝑏) 
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https://x-engineer.org/automotive-engineering/internal-combustion-engines/ice-components-systems/internal-combustion-engine-piston/
https://x-engineer.org/automotive-engineering/internal-combustion-engines/ice-components-systems/crankshaft/


 

 

 



 

 

 

https://x-engineer.org/automotive-engineering/internal-combustion-engines/performance/brake-specific-fuel-consumption-bsfc/
https://x-engineer.org/automotive-engineering/vehicle/hybrid/mild-hybrid-electric-vehicle-mhev-architectures/
https://x-engineer.org/automotive-engineering/internal-combustion-engines/ice-components-systems/crankshaft/


 

 

𝐷𝑒𝑙𝑡𝑎 𝐸 𝑎𝑥𝑒𝑠 = 𝑀𝑜𝑡𝑇𝑟𝑞 ∗ 𝑇𝑟𝑚𝑜𝑡
− ((𝐸𝑛𝑔𝑇𝑟𝑞 + 𝐺𝑒𝑛𝑇𝑟𝑞 ∗ 𝑇𝑟𝑔𝑒𝑛

) ∗ 𝐺𝑒𝑎𝑟𝑅𝑎𝑡𝑖𝑜) ∗ 𝐷𝑖𝑓𝑓𝑅𝑎𝑡𝑖𝑜 = 0

→  𝐺𝑒𝑛𝐶𝑜𝑚 =
(

𝑀𝑜𝑡𝑇𝑟𝑞 ∗ 𝑇𝑟𝑚𝑜𝑡

𝐷𝑖𝑓𝑓𝑅𝑎𝑡𝑖𝑜 ∗ 𝐺𝑒𝑎𝑟𝑅𝑎𝑡𝑖𝑜
− 𝐸𝑛𝑔𝑇𝑟𝑞)

𝑇𝑟𝑔𝑒𝑛



 

 

𝑀𝑜𝑡𝑇𝑟𝑞

𝐸𝑛𝑔𝑇𝑟𝑞

𝐺𝑒𝑛𝐶𝑜𝑚

𝑇𝑟𝑚𝑜𝑡

𝑇𝑟𝑔𝑒𝑛

𝐺𝑒𝑎𝑟𝑅𝑎𝑡𝑖𝑜

𝐷𝑖𝑓𝑓𝑅𝑎𝑡𝑖𝑜
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: 

↑   =  

↓   =  

       =   

       =  

 
Mode 

 
INPUT 

 
ENGINE 

 
MOTOR 

 
GENERATOR 

 
Braking 
System 

 
Acceleration 

 
Acc > AccThres 

 
RPM > 3000 

Standard 
Torque 

↑ 

Standard 
Torque  

↑ 

 

✗ 

 

✗  

 
Torque Fill 

 
Acc > AccThres 

 
RPM < 3000 

Standard 
Torque 

↑ 

Standard 
Torque  

↑ 

Filling 
Torque 

 ↑ 

 

✗ 

 
Engine Load 
Shift 

 
0 < Acc < AccThres 

 
_ 

Optimal 
Torque 

↑ 

Standard 
Torque  

↑ 

Regener. 
Torque ↓ 
(Based on 

∆E) 

 

✗ 

 
Regenerative 
Braking 

 
-BrakCoeff < Acc < 0 

 
_ 

Engine 
Braking 
Torque 

↓ 

Regener. 
Braking 
Torque  

↓ 

Regener. 
Braking 
Torque  

↓ 

 

✗ 

 
Series 
Braking 

 
Acc < -BrakCoeff 

 
_ 

Engine 
Braking 
Torque 

↓ 

Regener. 
Braking 
Torque  

↓ 

Regener. 
Braking 
Torque  

↓ 

 

✓ 



 

 

 

𝑀𝑜𝑡𝑇𝑟𝑞 ∗ 𝑇𝑟𝑚𝑜𝑡
= (𝐺𝑒𝑛𝐶𝑜𝑚 ∗ 𝑇𝑟𝑔𝑒𝑛

+ 𝐸𝑛𝑔𝑇𝑟𝑞) ∗ 𝐷𝑖𝑓𝑓𝑅𝑎𝑡𝑖𝑜 ∗ 𝐺𝑒𝑎𝑟𝑅𝑎𝑡𝑖𝑜

𝐺𝑒𝑛𝐶𝑜𝑚 =

𝑀𝑜𝑡𝑇𝑟𝑞 ∗ 𝑇𝑟𝑚𝑜𝑡

(𝐷𝑖𝑓𝑓𝑅𝑎𝑡𝑖𝑜 ∗ 𝐺𝑒𝑎𝑟𝑅𝑎𝑡𝑖𝑜)
− 𝐸𝑛𝑔𝑇𝑟𝑞 

𝑇𝑟𝑔𝑒𝑛

GenCom

𝑀𝑜𝑡𝑇𝑟𝑞  

𝐸𝑛𝑔𝑇𝑟𝑞

𝑇𝑟𝑚𝑜𝑡

𝑇𝑟𝑔𝑒𝑛

𝐺𝑒𝑎𝑟𝑅𝑎𝑡𝑖𝑜

𝐷𝑖𝑓𝑓𝑅𝑎𝑡𝑖𝑜
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_ Acceleration 

_ Torque Fill 

_ Engine Load Shift  

_ Regener. Braking 

_ Series Braking 

_ 5th  

_ 4th 

_ 3rd 

_ 2nd 

_ 1st Gear 



 

 

_ Acceleration 

_ Torque Fill 

_ Engine Load Shift  

_ Regener. Braking 

_ Series Braking 



 

 

_ Acceleration 

_ Torque Fill 

_ Engine Load Shift  

_ Regener. Braking 

_ 5th  

_ 4th 

_ 3rd 

_ 2nd 

_ 1st Gear 



 

 

_ Acceleration 

_ Torque Fill 

_ Engine Load Shift  

_ Regener. Braking 

 



 

 

 

_ Acceleration 

_ Torque Fill 

_ Engine Load Shift  

_ Regener. Braking 

 



 

 

_ Acceleration 

_ Torque Fill 

_ Engine Load Shift  

_ Regener. Braking 



 

 

_ Engine Load Shift  

_ Regener. Braking 

 



 

 

 

_ Regener. Braking  

_ Series Braking 



 

 

_ Engine Load Shift  

_ Regener. Braking 

 



 

 

- Acceleration 

- Torque Fill 

- Engine Load Shift  

- Regener. Braking 

 



 

 

- Acceleration 

- Torque Fill 

- Engine Load Shift  

- Regener. Braking 

 



 

 

 



 

 



 

 



 

 



 

 

 



 

 



 

 

https://www.semanticscholar.org/author/Jin-Hui-Hui/36595725
https://www.semanticscholar.org/author/Zhou-Shao-Min/49542185
https://x-engineer.org/automotive-engineering/vehicle/hybrid/mild-hybrid-electric-vehicle-mhev-architectures/
https://x-engineer.org/automotive-engineering/vehicle/hybrid/mild-hybrid-electric-vehicle-mhev-architectures/
https://x-engineer.org/automotive-engineering/vehicle/hybrid/mild-hybrid-electric-vehicle-mhev-architectures/
https://x-engineer.org/automotive-engineering/vehicle/hybrid/mild-hybrid-electric-vehicle-mhev-control-function/
https://x-engineer.org/automotive-engineering/vehicle/hybrid/mild-hybrid-electric-vehicle-mhev-control-function/
https://x-engineer.org/automotive-engineering/vehicle/hybrid/mild-hybrid-electric-vehicle-mhev-control-function/

