






𝛻 ⋅ 𝐉 = 𝑄𝑔𝑒𝑛, 𝐉 = −𝜎𝛻𝑉

න
Ω

𝜎𝛻𝑉 ⋅ 𝛻 ෨𝑉 𝑑Ω = න
Ω

𝑄𝑔𝑒𝑛
෨𝑉 𝑑Ω

−𝜎 ∗ 𝑉𝑥 ∗ 𝑡𝑒𝑠𝑡 𝑉𝑥 + 𝑉𝑦 ∗ 𝑡𝑒𝑠𝑡 𝑉𝑦 + 𝑉𝑧 ∗ 𝑡𝑒𝑠𝑡 𝑉𝑧 + 𝑄_𝑔𝑒𝑛 ∗ 𝑡𝑒𝑠𝑡 𝑉



𝐽 𝑉 = 𝐽𝑠𝑐 − 𝐽0 exp
𝑞𝑉𝑎𝑝𝑝

𝑛𝑘𝐓𝐚𝐯𝐠
− 1

𝑇𝑎𝑣𝑔 : 3𝐷   𝑃𝑒𝑟𝑜𝑣𝑠𝑘𝑖𝑡𝑒 𝐾

𝑞:  
𝑘:  
𝑛:  
𝑉𝑎𝑝𝑝 : 𝑉

𝐽0: 𝐴/𝑚2

𝐽𝑠𝑐:   𝐴/𝑚2





















𝑉𝑜𝑐 1.05 𝑉 1.1 𝑉

253𝑊/𝑚2 274.7𝑊/𝑚2

𝑉𝑜𝑐 =
𝑛𝑘𝑇

𝑞
ln

𝐽𝑠𝑐

𝐽0
+ 1

𝑣𝑜𝑐 =
𝑞𝑉𝑜𝑐

𝑛𝑘𝑇
≈

1⋅1.05

1.5⋅0.0259
≈ 27.0 

𝐹𝐹 =
𝑣𝑜𝑐 − ln 𝑣𝑜𝑐 + 0.72

𝑣𝑜𝑐 + 1
≈ 0.846 

𝑃𝑚𝑎𝑥 = 𝑉𝑜𝑐 ⋅ 𝐽𝑠𝑐 ⋅ 𝐹𝐹𝑖𝑑𝑒𝑎𝑙 ≈ 1.05 ⋅ 285 ⋅ 0.846 ≈ 253𝑊/𝑚2



구분 Analytical Simulation 오차

Temperat
ure

𝑇𝑠𝑢𝑟𝑓 = 20 +
294

10
= 𝟒𝟗. 𝟒∘𝐂

49.358 ℃ ~0.08%



𝑊/𝑚2

𝑊/𝑚2

𝑊/𝑚2

𝜖𝑡ℎ = 𝛼Δ𝑇

 

𝜎𝑡ℎ =
𝐸

1 − 𝜈
𝛼𝑓𝑖𝑙𝑚 − 𝛼𝑠𝑢𝑏 Δ𝑇

















𝑇𝑡ℎ𝑒𝑜𝑟𝑦 = 𝑇𝑎𝑚𝑏 +
𝑄𝑔𝑒𝑛

2 ⋅ ℎ
 ≈  56.27 ℃

57.661 ℃



𝜎𝑡h ≈ 50.9𝑀𝑃𝑎 58.57 𝑀𝑃𝑎

𝜎𝑡ℎ = 𝐸𝑝ero/ 1 − 𝜈 𝛼𝑝ero − 𝛼𝑠ub 𝛥𝑇

















https://energyinfo.seoul.go.kr/energy/energyConsumption?menu-id=Z111000












𝒇𝒔𝒘 = 𝟐𝟓𝒌𝑯𝒛

•

• 𝒇𝒔𝒘/𝟐𝟎

•

• 𝒇𝒊/𝟏𝟎









•

𝐼 _𝑉가

𝑃 = 𝑉pv𝐼pv

•

•



𝑹𝒎𝒑𝒑 =
𝑽𝒎𝒑𝒑

𝑰𝒎𝒑𝒑

𝑹 =
𝑽𝒐

𝑰𝒐

𝑰𝒐

𝑰𝒊
= 𝟏 − 𝑫

𝑹𝒊 = 𝟏 − 𝑫𝟐 ∗ 𝑹𝒍𝒐𝒂𝒅

𝑹𝒎𝒑𝒑 





𝑉𝑝𝑣 𝐼𝑝𝑣 𝑉𝑚𝑝𝑝 



𝑃 𝑘 = 𝑉 𝑘 ⋅ 𝐼 𝑘

𝑃 𝑘 𝑃 𝑘 − 1

𝑉 𝑘 𝑉 𝑘 − 1

𝑉 𝑘 = 𝑉 𝑘 − 1 ± 𝐶

𝑑𝑃/𝑑𝑉













y = 𝑃pv θ

θ = 𝑉mpp,ref

∝











𝑃𝑝𝑣[𝑘𝑊]

𝑉𝑝𝑣[𝑉]

𝑃𝑝𝑣[𝑘𝑊]

𝑉𝑝𝑣[𝑉]
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