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1、 出國任務：
1、 本廠(核二廠)汽輪機採用西屋公司設計之低壓汔機轉子，長期以來存在有應力腐蝕龜裂問題(Stress Corrosion Cracking)為根本解決此一問題核二廠於93年1月向德國西門子(siemens)公司訂購，無SCC發生實績之先進設計低壓轉子(Advanced disc design rotors)兩支，供1號機更換，並於95年核二廠EOC-18大修換裝完成，自換裝以來歷經4年多之運轉兩次大修拆解，依NDE檢查結果未發現SCC問題。
2、 本廠2號機目前運轉中低壓汽機轉子，同樣存在有SCC問題，為確保機組穩定安全運轉更換低壓轉子之計劃，繼1號機更換後持續進行。並在98年4月完成採購標比作業，結果由1號機原低壓轉子供應商西門子公司得標，本次出國任務是依合約條款，由本公司派員到製造廠商工廠進行製程進度與品質查證。
2、 出國行程：

99年8月24日      往程(台北→法蘭克福)

99年8月25日      法蘭克福→杜塞爾道夫

[新購低壓汽機轉子製程進度及品質查証]

99年8月25~31日   杜塞爾道夫

99年9月1~2日     返程(杜塞爾道夫→法蘭克福→台北)

3、 工作紀要：

1、 製程進度查証

1. 2號機低壓轉子兩支98年4月17日由西門子得標後，於98年8月20及21日由台電-西門子召開kick-off meeting。
2. 西門子於98年9月開始著手進行組件設計、訂購、製造、加工、測試、裝運等各重要里程碑之時程安排，每月均依合約要求提供工作進度月報供本廠審查。

3. 本次製程進度查証是以西門子提報之”customer witness points”項目到廠實際了解。下列組件皆已送達西門子Muelheim工廠待加工：

	組件
	完成日期
	供應商
	查証結果

	LP1

	Rotor blades LA-0 Dimensional and Visual test

Rotor blades LA-1 Dimensional and Visual test

Rotor blades LA-2 Dimensional and Visual test
Rotor shaft                     6＊Rotor discs                  2＊coupling halfs 
	19.03.2010

24.06.2010

30.06.2010

07.10.2010 11.06.2010  05.08.2010
	Leistritz

Pietro Rosa

Pietro Rosa

Saarschmiede

Groeditz

Groditz
	到廠等待加工中

(如照片)


	LP2

	Rotor blades LA-1 Dimensional and Visual test

Rotor blades LA-2 Dimensional and Visual test
6＊Rotor discs
	13.07.2010
30.06.2010

09.07.2010
	Pietro Rosa

Pietro Rosa
Saarschmiede
	到工廠待加工
(如照片)

到工廠待加工

(如照片)





[image: image1]
                       圖 1 LP1 Rotor shaft

[image: image2]
圖 2加工中Rotor discs

[image: image3]
圖 3待加工之Rotor blades LA-1

[image: image4]
圖 4待加工之Rotor blades LA-2

2、 西門子公司製程標準流程及品質保證規範(QST)程序

1. 西門子公司製程標準流程圖

	[image: image42.emf][image: image43.jpg]


[image: image44.png]


西門子總公司

	[image: image45.jpg]W—‘r‘r—\url‘ﬂ
A AL \ AN v.




[image: image46.png]year mmiysar

IR
et tatetopegtoty!
SRR

Stress Carrosion Crack Growth Rate

i
g due
irogen
LED

Yield Strength Bpy 3

KWU Test Results

trom 26NiCTMoV 145
Disk Materiel with

2000 Nimm¥? (58Ksiin)
Crack Intensity

Data trom Publications
111 and 12) Speidel et al.

—_— Water 100°C (212°F)
B Water 80°C (176°F) R

S o B
® Water 150°C (302°F) 2] Water 180°C(320¢F)

Fig. 19 — LP Rotor and Disk Material Stress
Corrosion Crack Growth vs Yield Strength

growth, Measures to improve the steam/water cycle con-
dition can be summarized as follows:

* prevent any ingress of cooling water

* avoid penetration of air and impurities (CO,, SO, etc.)
through storage tanks open lo atmosphers

o eliminate air in-leakage into the low pressure section of
the plant

* closely control the proper function of the make-up water
and condensate polishing systems

¢ use pure chemicals for feedwater treatment (free of
carbonates)

* closely supervise cation conductivity and oxygen level

Optimal plant aperation must, however, not be the only
measure against stress corrosion. Proper design features
must be added to provide reliable operation without stress
corrosion damage. Reducing the combined tensile stresses
in critical components is a major step and has been achiev-
ed by the various methods described before.

The effectiveness of the rolling procedure of our keyways
has been tested under extremely aggressive environmen-
tal conditions. Laboratory tests with modified CT-specimens
were performed and reveal the results shown in Figure 20,
Prestressing of the sample bores up to 100% Rpoz
simulates the tensile stress concentration in the keyway
caused by the shrink fit. Rolling the bore develops com-
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Fig. 20 — Crack Initiation Tests on CT2-Probes
from 26NiCrMoV145 Disk Material

pressive stresses in the keyways of the disks. To accelerate
the tests, very aggressive conditions were applied and
stressing in the bore, after rolling, was still tensile with 40%
of vield strength. However, the actual stress conditions in
the keyway of the disks will be compressive at rated speed,
Cracking occurred within 200 test hours at the bores of the
samples which were not rolled. Crack initiation was not
found in the bores of the samples which were rolled, even
after 6000 and 8000 test hours, respectively.

Because the disk keyway stresses after rolling are still com-
pressive at a depth of more than Imm (40 mils), stress cor-
rosion cracking is also not expected after a potential pitting
attack. This conclusion is based on experience which shows
that pitting does generally not exceed a depth of 0.5mm
(20 mils).

CONCLUSION

The described disk-type rotor has been avolved from rotors
in successful operation for up to 15 years. Despite the ex-
cellent inservice inspection results and the acceptance of
50,000 service hours between inspections granted for rotors
presently in operation, any new rotor featuring all im-
provements will further enhance reliable long-term opera-
tion. The major improvements which led to a variety of

9
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西門子工廠
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由流程圖(如圖5所示)可了解其產品組件大多來自供應商提供，再由西門子工廠進行加工、組裝及測試，故對供應商之品質管理變成非常重要。因此西門子公司成立有一Supply Quality Management組織嚴格進行供應商品質控管，以確保供應商提供之組件符合品質要求之產品，其控管要領列舉如下(圖6~12)：
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圖 6 西門子公司Supplier Management

[image: image18]
圖 7西門子公司Supplier Selection & Qualification


[image: image19]
圖 8西門子公司Supplier Evaluation & Development
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圖 9西門子公司Measurable Quality Performance
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圖 10西門子公司Supplier Qualification-Audit report
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圖 11西門子公司Supplier Qualification-Audit Observations / Deviations


[image: image23]
圖 12西門子公司Supplier Qualification-Corrective Action

2. 品質保證規範(QST)程序
(1) 前言：依採購規範Section IV 9.06中所述，西門子公司需遞交Quality Assurance Specification Turbine Plants (QST，品質保證規範)文件，同時並提出「製造過程中本公司需實地檢視之項目(Witness Point)」供本公司審視並確認，而後將依此文件規範轉子及內缸等組件之排程、製造及測試等後續相關查證事宜。以下將針對西門子公司QST之規範流程及規範方式等進行簡介。

(2) 品質保證規範(QST)構成及管控方式簡介

    圖13為QST簡略構成圖，QST文件為西門子公司對於設計、製造、品質及供應商供料之完整規範的整合，包含採購(如規範、圖面等)、加工過程及審視、製造及品質管理以及各項測試查證點等均需建立於QST文件中，以利換裝過程中能提供完整品質保證規範文件供審閱及規範。

[image: image24]
圖 13 QST Network
    當西門子公司接收客戶訂單後，即針對客戶換裝需求擬定各項計劃，從採購料件起所有採購相關文件均納入標準QST管控中，其基本精神在於如採購過程中所需各項檢查均需以文件化之品質保證規範供審閱。從產品需求計畫，擬定料件採購清單其QST規範須包含供應商提供料件之材料品質保證文件，進入採購程序後，規劃各項料件檢查及測試計劃，如料件之圖面、測試方式及規範等亦明列於QST規範中；供應商供料符合品質規範後再由西門子公司工廠進行加工製造，製造過程階段有各項檢查及測試品質查證點亦由QST文件所管控，製造完成後即進入組裝及相關測試階段，最後以完整QST所規範之測試報告交付符合品質保證之換裝組件。綜上所述，從採購、加工、組裝及最後測試其階段性之品質文件均由QST所管控，達透明化及標準化之管控流程，供客戶除如期達成換裝任務外，亦能如質使換裝後安全穩定運轉。(圖14為西門子公司德國Mulheim工廠管控流程圖)。以下將以實例說明QST規範管控流程。

[image: image25]
圖 14 西門子公司德國Mulheim工廠管控流程圖
(3) QST規範管控流程實例說明 (此例僅作解說用，非本廠2號機換裝轉子之QST規範)：
    圖15為西門子公司之QST規範說明實例圖，圖中可見低壓汽機各組件如Inner Casing、Stationary Blades及LP Rotor等均以QST Sheet編號進行管控，各組件之採購、加工及測試等品質規範均納入本身QST Sheet編號文件中以建立完整QST文件資料庫。


[image: image26]
圖 15 QST Sheets-LP Turbine

    圖16為將圖15所呈現之各項組件以表格方式列於QST Table中，表格中以QST Sheet No.序列並簡述各組件名稱、材料、採購規範編號等以便細部查詢。


[image: image27]
圖 16 QST table of contents
    圖17為各QST Sheet之標準格式，圖中以QST Sheet No.121131為例即表示Turbine Shaft之所有品質保證規範文件均納入其中，包含Shaft之材料組成、採購規範、各項測試流程及規範(如圖6所示)、Witness Point等。

[image: image28]
圖 17 QST Sheet Format


[image: image29]
圖 18 QST Sheet Format
    依本例之Turbine Shaft TLV：9190 06(如圖18所示)代表Shaft之採購規範文件以此編號進行管控，並結合至QST規範中，而圖19、20分別為Turbine Shaft訂單之部份文件及圖面。
[image: image69.jpg]



[image: image30]
圖 19 Turbine Shaft Purchase Order


[image: image31]
圖 20 Turbine shaft order drawing
    而圖21為TLV 9190 06之採購規範部份文件，規範中明列各項測試及檢測文件如PS-0.0003表示Mechanical Testing of shaft、PS 0.0004表示Non Destructive Examination of shaft (UT)，圖22、23為PS 0.0004 NDE檢測文件。

[image: image32]
圖 21 TLV 9190 06 Technical Purchasing Specification
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圖 22 PS 0.0004 UT sound direction



[image: image34]
圖 23 PS 0.0004 UT Scope of inspection

    ST Sheet中各項測試及檢測程序，依合約由西門子公司及換裝客戶共同訂定階段性Witness Point，供客戶可實地檢視該測試或檢測項目(如圖24所示)。
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圖 24 QST Sheet format (Witness Point)
    而本廠與西門子公司共同訂定之Witness Point為：

a. Inner Casing Dimensional and Visual test

b. Overspeed test Turbine Rotor

c. Balance test Turbine Rotor

d. Rotor Blades Dimensional and Visual test
e. Rotor Blades forged Frequency test

f. Turbine Assy. Alignment check
綜上所述，西門子公司針對各階段之品質規範文件，均以標準QST方式進行嚴謹管控，本公司可藉此確保本次換裝轉子應能符合各項品質要求保證；此外，對於西門子公司之文件管控方式本公司亦可參照學習。
3、 西門子公司shrunk-on rotor 防止SCC之作法：
· 引發應力腐蝕龜裂(SCC)的主要因素如下圖示有三：
材料、環境狀況及應力(如下圖示)，西門子轉子設計在葉片及Disc跟部採用防止產生SCC之低Cr%含量材料及Lower Yield Strength Material，並利用Lower Stress Concentrations設計及利用熱處理、Shot Peening等方式產生Compressive Residual Stresses使其轉子運轉中(加上Centrifugal Stresses, Shrunk Fit Stresses and Thermal Stress etc.)達到Lower Operating Stresses狀態，以避免發生SCC。
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· 熱處理過程產生Compressive Residual Stresses 情形:

    在熱處理過程中利用冷卻水噴灑DISC內徑使其表面快速冷卻而產生壓應力Compressive Residual Stresses,其影響深度可達50~60mm

[image: image36]
· Shot Peening過程產生Compressive Residual Stresses 情形：
         利用珠擊法(Shot Peening)消除表面在熱處理中產生之張應力轉變成壓應力來防止SCC產生, 如下圖所示。

[image: image37]

[image: image38]
· 減少key/keyway裝置避免應力集中：
    西門子公司低壓汽機轉子目前僅第一級Disc保留key/keyway的轉子因第一級disc運轉時溫度較高，其Disc shrunk fit產生的縮收力將因而降低，Disc shrunk fit產生的縮收力可使Disc於轉子常溫運轉達over speed 25%時仍緊縮於轉子上，故第二級及第三級因運轉溫度較低經修正套縮量後目前已無key/keyway裝置。而西門子改良型的keyway設計(詳下圖示)因保持2mm環狀間隙，於Disc套縮後不會產生套縮壓力，且不會累積雜物而形成腐蝕環境，並利用Rolling及Roning作業使其表面產生壓應力，上述種種皆為使其避免發生SCC，且目前已證實有相當成效。
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· 採低Cr%含量及Lower Yield Strength Material：

    依西門子公司實驗發現若轉子材料Yield Strength低於160Ksi，則其SCC成長率將低於1 mm/year，若Yield Strength高於160Ksi，則SCC成長率將異常升高(詳下圖示)。
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growth, Measures to improve the steam/water cycle con-
dition can be summarized as follows:

* prevent any ingress of cooling water

* avoid penetration of air and impurities (CO,, SO, etc.)
through storage tanks open lo atmosphers

o eliminate air in-leakage into the low pressure section of
the plant

* closely control the proper function of the make-up water
and condensate polishing systems

¢ use pure chemicals for feedwater treatment (free of
carbonates)

* closely supervise cation conductivity and oxygen level

Optimal plant aperation must, however, not be the only
measure against stress corrosion. Proper design features
must be added to provide reliable operation without stress
corrosion damage. Reducing the combined tensile stresses
in critical components is a major step and has been achiev-
ed by the various methods described before.

The effectiveness of the rolling procedure of our keyways
has been tested under extremely aggressive environmen-
tal conditions. Laboratory tests with modified CT-specimens
were performed and reveal the results shown in Figure 20,
Prestressing of the sample bores up to 100% Rpoz
simulates the tensile stress concentration in the keyway
caused by the shrink fit. Rolling the bore develops com-
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Fig. 20 — Crack Initiation Tests on CT2-Probes
from 26NiCrMoV145 Disk Material

pressive stresses in the keyways of the disks. To accelerate
the tests, very aggressive conditions were applied and
stressing in the bore, after rolling, was still tensile with 40%
of vield strength. However, the actual stress conditions in
the keyway of the disks will be compressive at rated speed,
Cracking occurred within 200 test hours at the bores of the
samples which were not rolled. Crack initiation was not
found in the bores of the samples which were rolled, even
after 6000 and 8000 test hours, respectively.

Because the disk keyway stresses after rolling are still com-
pressive at a depth of more than Imm (40 mils), stress cor-
rosion cracking is also not expected after a potential pitting
attack. This conclusion is based on experience which shows
that pitting does generally not exceed a depth of 0.5mm
(20 mils).

CONCLUSION

The described disk-type rotor has been avolved from rotors
in successful operation for up to 15 years. Despite the ex-
cellent inservice inspection results and the acceptance of
50,000 service hours between inspections granted for rotors
presently in operation, any new rotor featuring all im-
provements will further enhance reliable long-term opera-
tion. The major improvements which led to a variety of
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· 西門子轉子末級disc因工作溫度僅達50度c左右，在此溫度範圍根本不會產生SCC，因溫度高也是可能產生SCC的原因之一。故僅在有應力集中問題之葉片根槽底部，作shop peening處理，其他位置則未像前兩級disc作shot peening處理。轉子設計運轉溫度如下圖示。
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· 在轉子運轉環境方面，以下各項能避免轉子產生SCC或降低其SCC成長速度：
a、 Prevent any ingress of cooling water.

b、 Avoid penetration of air and impurities (CO2, SO2 etc.) through storage tanks open to atmosphere.

c、 Eliminate air in-leakage into the low pressure section of the plant.

d、 Closely control the proper function of the make-up water and condensate polishing systems.

e、 Use pure chemicals for feedwater treatment (free of carbonates).

f、 Closely supervise cation conductivity and oxygen level.

西門子公司在防治SCC的方法非常有效且成功的應用在運轉中核能機組汽機轉子(1500/1800rpm),超過30年未曾發生SCC 龜裂問題。
4、 感想與建議

1、 西門子公司交付之低壓轉子裝船日期原排在100年8月26日,在經當面向該部門經理MR.Classen表達本公司更換轉子時程早已排定,新轉子務必在10月1日就定位才能在大修排定工期內完成更換。MR.Classen承諾會全力配合並經內部協整排程最後裝船日期預定在100年8月1日加上船運6星期故轉子將在9月中到達本廠,可符合既定更換工期。

2、 國際大廠為求成本管控及提昇本國工業水準促進經濟繁榮委任有能力suppliers製造供應組件是常見之經營策略,為確保suppliers產品符合要求委任者會製定一套嚴謹品保制度來控管品質,西門子公司亦同,其suppliers遍及歐洲各處有義大利、法國、瑞士等國此次因參訪行程短未到組件製造供應商實地查證。

3、 西門子公司建構一套 QST(品質保證規範系統)其含蓋設計、製造、採購、組裝、測試等之品質管控,作垂直及橫向整合以確保產品符合既定要求,本次就管控流程進行查證相關文件均符合既定要求。
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QST 流程查證
4、 西門子公司對SCC之防治對策及過去30年的實績顯示SCC問題應可徹底決解,反而是因運轉條件及環境使運轉中葉片產生cracking情形時有所聞 ,這也是業界再度要面對的問題。 
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