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	摘要(中)	小型衛星的能力在過去十年顯著的提高。中央大學所主導的 12U CubeSat SCIntillation and IONosphere-eXtended (SCION-X),主要由四個科學酬載組成，電離層探測器 (CIP), Cion-R,Hyper-SCAN 和 SEUV（太陽紫外線輻射感測儀）。Cubesat的主要結構受限內部有限空間以及因為酬載和次系統所需的能量較大，進而導致的在計算能量預算時會不足，這個問題激發了本篇論文的研究，使用多次展開太陽能電池板的這個想法來增加能量預算，並且對在IDEASSat上由於製造方法而使太陽能板彎曲的問題提出解決方案。 這項工作的重點是解決太陽能電池所產生得能量和機械製造問題，因為團隊目前缺乏該領域方面的知識，此研究可以為團隊墊下研究可展開機制方面的基礎，使用多次可展開太陽能板以增加能量預算，並且這個方法對衛星內部可用空間的影響最小。此研究需要了解台陽能板之間互相連接的鎖定鉸鏈，以確保每個面板之間的剛度 初步研究表明，兩階段可展開太陽能板的概念可以適用於小型衛星， 但它需要兩個太陽能板之間的鎖定鉸鏈，以盡可能減少太陽能板展開時所產生的振動和拍動對衛星的影像。由於適用於小型衛星的鎖定鉸鏈由於其設計復雜性而被限制為，根本沒有人使用過，更遑論鉸鏈本身很難塞入小衛星的所要求的尺寸當中。使得這個研究要求似乎很高，但並非不可能。於是本文便開始研究有關適用於 12U CubeSat 的兩階段可展開太陽能板的設計、實驗和初步結構測試 因為如此，本文進行了鎖定鉸鏈的設計、製造和測試，而且在展開中有兩個主要的方法，分別是只需要一個電路和需要兩個獨立的電路去連接電阻燒斷釣魚線，兩種情況在結構整題完成性方面沒有顯著差異，但單一個電阻的展開機構需要的電路設計比兩個獨立電阻來得更簡單，但在有限的時間會產生較高的反作用力給姿態感測控制儀器（ADCS）去反映並且吸收。相反的分開得單獨的電路可以利用不同的鉸鍊上扭簧的彈力係數去安排不同時間，按照順序去展開，以減少 ADCS 所必須吸收的作用力。 經過驗證，兩階段可展開太陽能電的設計可以承受作用在三個軸上的 15g 正弦振動測試 展開測試和分析結果已被本文合併成如何形成最佳彈簧常數。在此研究中發現在底座鉸鍊處裝上0.008829 N-mm/deg的彈簧並且在鎖定鉸鏈處裝上 0.108 N-mm/deg 可以滿足單一電路展開以及兩個分開電路的展開，而不會對底座鉸鏈產生重大影響，並且這可個分案可以增加 ADCS 吸收擾動扭矩的時間
	摘要(英)	Capabilities of small satellites have increased significantly throughout the past decade. SCIntillation and IONosphere – eXtended (SCION-X), a 12U CubeSat proposed by National Central University. consists of four scientific payloads, Compact Ionospheric Probe (CIP), Cion-R, Hyper-SCAN and SEUV (Solar Extreme UltraViolet Radiation). The spacecraft was limited by space reserved inside and the power margin due to power consumption of payloads and subsystems which inspired this thesis to study the idea of multi-stage deployable solar panels in order to increase the power margin and counter the warping of solar panels which was long suffered since the predecessor of SCION-X, IDEASSat due to manufacturing problems.

The focus of this work was to tackle problems of power margin and mechanical problems of the solar panels and serves as a basis of the study of deployable mechanisms for the team as we currently lack knowledges in this field. Multi-stage deployable solar panels can be used in order to increase power margin and also has minimal impact to the space available inside the spacecraft. This requires knowledge in locking hinges for the hinge connected between panels in order to ensure rigidity between each panels.

Preliminary study shows the concept of two-stage deployable solar panels can be applied to small satellites, but it requires the locking hinge between two solar panels in order to minimize the vibration and flapping mode when the spacecraft performs maneuvers. The locking hinge for small satellites saw limited to no use at all due to complexity and the hinge itself is hard to cram into the size of small satellites. The requirements seemed to be steep but not impossible. This leads to design, experiment and preliminary structural tests of two-stage deployable solar panels applicable for 12U CubeSat. 

Hence, the design, fabrication and tests of locked hinges were conducted, and there are two main concepts of deployment which requires one and two separate burn wire resistors respectively. There is no significant difference in terms of structural integrity between two cases but single-action deployment has a simpler circuit with high reaction force in limited time for the altitude determination and control system unit (ADCS) to absorb, while separate circuits can utilize different torsion spring constants for each hinges and each sequence can be separated by a certain period of time to reduce loads that ADCS unit has to absorb.

It was verified that the design of two-stage deployable solar panels can withstand the sine-burst load equivalent of 15g acting on all three axes.  

Deployment tests and results from analysis have been combined to form trade studies of the optimal spring constant. It was found the case of 0.008829 N-mm/deg at base hinge and 0.108 N-mm/deg at locked hinges can satisfy both single-action and separate circuits without having penalties of major impact to the base hinge which can increases the time for ADCS unit to absorb disturbance torques.
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