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I 

 

摘要 

近代飛機機輪的煞車防滑系統，採用電液伺服閥，以壓力控制或流量控制的方式來

控制剎車壓力，使機輪的滑動率被控制在臨界值附近，滑動率的臨界值對應了跑到地面

與輪胎摩擦係數的最大值，使飛機剎車保持在最大的減速度，以得到最短的剎車距離和

剎車時間。 

本論文探討單向作動錐桿節流閥，對於戰機機輪剎車靜態和動態特性之影響。研究

重點以探討設計變更對於噴嘴檔板伺服閥的靜態和動態特性之影響。以數值分析方法探

討伺服閥靜態特性受到設計改變的影響。以利用最小平方誤差法鑑別單向作動圓錐桿形

節流閥的節流參數，鑑別值可以三個偏微分之聯立方程式求得最佳解，證明鑑別結果符

合單向作動錐形節流閥的工作原理，做為設計分析，校準或重新設計節流閥提供有用的

數據。使用 Runge-Kutta 積分法，探討錐台型閥芯動態特性，簡諧激振作用於閥芯時，

設定以擠壓油膜力及阻尼比兩種作為閥芯動力條件，探討閥芯之動態頻譜響應，分析結

果表明，油膜擠壓係數調節阻尼比是穩定系統的重要方法。 

本研究結果，以雙錐桿先導閥，以及使用單向作動正反饋圓錐環形長孔作為電液伺

服閥之節流器，是適合作煞車閥之用。伺服閥相較於傳統節流器有更高的反應速度，並

可對油膜厚度精準控制，對抗外在干擾能力更高，因此在整體性能上較具優勢。將噴嘴

檔板伺服閥設計變更須予以進行設計參數調整以校準伺服閥的靜態及動態特性以及與

負載的匹配特性，運用於戰機機輪剎車系統設計改善，對於戰機機輪剎車安全將更具可

靠性。 

關鍵字：電液伺服閥、單向作動錐桿節流閥、噴嘴檔板伺服閥、阻尼。 
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Abstract 
The modern aircraft wheel anti-skid systems, electro-hydraulic servo valves are employed 

to control braking pressure through pressure or flow control. This ensures that the slip ratio of 

the aircraft wheel is controlled near the critical value, where the critical value corresponds to 

the maximum friction coefficient between the tire and the ground. This allows the aircraft to 

brake at the maximum deceleration, resulting in the shortest braking distance and time. 

This paper investigates the impact of Single-action tapered-spool restrictors on the static 

and dynamic characteristics of the brakes in military aircraft wheels. The study focuses on the 

effects of design changes on the static and dynamic characteristics of the nozzle flapper servo 

valve. Numerical analysis is employed to explore how design alterations affect the static 

characteristics of the servo valve. The study also utilizes the least squares error method to 

identify the throttle parameters of Single-action tapered-spool restrictors, proving that the 

identification results align with the working principles of Single-action tapered-spool restrictors. 

This information is valuable for design analysis, calibration, or redesign of throttle valves. 

The dynamic characteristics of the conical valve core are explored using the Runge-Kutta 

integration method. The study considers harmonic excitation acting on the valve core and 

investigates the dynamic spectral response of the valve core under the conditions of squeezing 

oil film force and damping ratio. The results indicate that adjusting the oil film squeezing 

coefficient to modulate the damping ratio is a crucial method for stabilizing the system. 

The research findings suggest that a dual-cone rod pilot valve and a unidirectional actuated 

positive feedback circular conical annular long hole are suitable choices for brake valves. 

Compared to traditional throttle valves, servo valves exhibit higher response speed, precise 

control over oil film thickness, and greater resistance to external interference, making them 

more advantageous in overall performance. Design changes to the nozzle flapper servo valve 

require adjustments to design parameters for calibrating the static and dynamic characteristics 

and matching characteristics with the load. When applied to the improvement of military 

aircraft wheel brake systems, these adjustments enhance the safety and reliability of the 

aircraft's braking system. 

Keywords:Electron-hydraulic servo valve; Single-action tapered-spool restrictors; Nozzle 

Flapper Servo Valve; Damping.  
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0A  孔口節流器孔口面積 rP  油腔壓力 

C  錐桿的順從係數 rP  節流器出口壓力比 

C  錐桿的無因次順從係數 sP  供油壓力 

dfC  噴嘴擋板之流量係數 1P 及 2P  出口壓力 

0dC  孔口之流量係數 skP  供油壓力的第 k 個測量壓力 

cX  作用於閥芯之黏滯阻尼力 rjP  第 j 個油腔壓力 

d  套筒直徑 Q  錐台排出之流量 

ND  噴嘴孔口直徑 Q  無因次流量 

f  無因次負荷 q  錐桿節流長度比 

( )f   無因次負荷之位移比 Lq  工作(負載)流量 

( )F t  動態外力作用  無因次負載流量 

0g  開口間隙 R  回油口 

0h  初始油膜厚度 V  閥芯速度 

ch  間隙  擋板等效位移 

  節流參數與排量參數比 fx  擋板之無因次的位移比 

  錐桿節流器節流參數   平均動力黏度 

0cK  單位壓力之流量係數   錐桿的半錐角 

0pK  單位壓力增益   無因次時間 

0qK  單位流量增益   液壓油密度 

0  錐桿可用節流長度   錐桿順從參數 

m  閥芯整體質量   無因次擠壓油膜係數 
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