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Abstract

Intelligent Manufacturing (IM), or Smart Manufacturing, is the synthesis of
manufacturing technology with intelligent technologies including digitization, automatic
processes, artificial intelligence, Internet (e.g. 10T), cloud computing, sensors, etc. IM can be
applied during the overall product lifetime, whether it is design, production, management, or
service, for assisting in the detection, human-machine interaction, decision-making, execution
and feedback during the manufacturing process. IM increases the intelligence of the
manufacturing activities, such as product design, manufacturing, management, and service,
becoming in terms of the analysis, deduction, judgment, idea-construction, decision-making,
etc. IM makes possible the instant management of a factory, enterprise internal affairs,
inter-company exchanges and overall product lifetime, as well as the optimization of a novel
production  system. Being  characteristic ~of modularization, service-orientation,
power-decentralization, interoperability, instantaneity and wvirtualization, IM can optimize

factory operation, streamline supply chains and support the goal of sustainable production.

The metal product industry is one of the leading domestic manufacturing industries. In
2015, the production value of Taiwan's metal product industry reached NTD 693.2 billion
(accounting for 6.1% of the total production value of the manufacturing industry), while
17,844 companies (accounting for 22% and ranking first in the manufacturing industry)
employed 305 thousand people (accounting for 11.8% of the manufacturing industry, second
only to the electronics component industry). The same year, in terms of trading market, the
export value of Taiwan's metal product industry was NTD 338.7 billion (accounting for 48.9%
of exports), showing its great international competitiveness. However, the traditional metal
product industry is an industry with high danger, filth, labor intensity and low profit, conditions
which tend to drive away new talents and experienced workers, leading to problems such as a
technology gap and labor deficiency. In addition, the strength of Taiwan’s metal product
industry value chain (R&D, manufacturing and marketing) is mainly related to
"manufacturing”, which is facing enormous challenges from China in both product design and
mass production technology. The result is a continuous decline in global market share and
competitiveness, as well as a hollow industry due to industrial migration. In particular,

Taiwan's metal product industry is mainly comprised of small- and mid-size businesses, which
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lack innovative product designs and large capital to invest in IM equipment, further leading to

a serious decline in global competitiveness.

Relying on traditional strategies, such as low price competition, economies of scale and
mass production has been losing its effectiveness. Taiwan has to undergo an industry
transitional upgrade. The current environment makes frequent use of technologies such as 10T,
big data, cloud computing, and artificial intelligence. Manufacturers are also shifting toward
IM operations by means of computer and relevant scientific technologies, which in turn boosts
innovation in traditional manufacturing industry. Moreover, the USA, Germany, Japan and
China have been promoting policies related to the development of IM technologies and
industrial applications, in order to enhance the competitiveness of the manufacturing industry

in these countries.

For the time being, IM-is.not as prevalent in the global metal product industry as in the
automobile or electronics industries. However, with the rising popularity of 10T, big data,
cloud computing and artificial intelligence, many metal product businesses have begun to use
IM systems. The intelligent solutions such as the clicks and mortar model or 10T are applied to
product design, supply chain management, equipment, production process, simulation, or
service models, which will result in benefits, including speedy customization development,
instant response to production line needs, production forecast, prompt and diverse industrial
and variable markets, as well as the capability of instant quality monitoring and feedback for

technical adjustment.

There are many examples of IM being adopted by metal product companies in Taiwan and
other countries. Bosch Rexroth introduced user identification and automatic adjustments,
production information bulletins, smart workstations, RFID production management and other
industry 4.0 technologies to install a hydraulic valve intelligent production line. German
kitchen and bathroom appliance company Hansgrohe SE began the "BDE Online" project,
which allows employees easy access to production information. FEMCO introduced the
Automatic Virtual Metrology (AVM) system into the production line of all rim models,
making possible automatic inspections for all products on the production lines. The precision
locknut manufacturer Yinsh Precision introduced online management for all machining
equipment, which allows the monitoring of instant machining status through the Production

Assistance System (PAS), and instant access to machine production status through the display
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of the “Instant Equipment Production Status Bulletin Management”, and establishes the
product’s traceability to provide customers with prompt tracing and enquiry of their orders.
Jabil Green Point, a mold design and production company, has adopted a self-developed
system to connect the top and bottom production processes, and created a software/hardware
integrated production 10T which allows cross-system communication, instant monitoring,
automatic notification and troubleshooting of issues any time of the day, as well as a more
dynamic and flexible production process.

The recent examples listed above show that IM is not a standardized technology; it can be
applied to a click and mortar model, full production inspection, or even instant production
status bulletin management. The industries with different needs will introduce different
applications. Aluminum rim and fastener businesses are equipment-based and work toward an
intelligent 10T system. Mold and die companies are product design-based, creating the
manufacturing loT that links and integrates the top and bottom process forming software and
hardware. Valve companies start from product RFID and employee 1Ds, which extend to an
intelligent system framework with intelligent sensing, data mining, networked content
management, information identification and flexible system distribution. Therefore, IM
signifies the application of digital/intelligent technologies to horizontally integrate raw material
suppliers, component/module suppliers, equipment suppliers, logistics, customers, etc., as well
as the digitization of the overall value chain, including product design, R&D, production plans,
production engineering and services, which creates the vertical integration and end-to-end
value chain integration of a dynamic and re-constructible manufacturing system. Through the
effective application of informatization, automatic equipment and self-improvement from IM
production using an 10T service system, the customer's needs and the IM goals are achieved
while the three major aspects of innovation (product, process and business model) are
stimulated in corporate operations. Finally, IM will drive the transitional upgrading of Taiwan's
metal product industry towards the “software/hardware integration service platform” service
industry. Based on different industrial characteristics, there are four high value-added and
indispensible software/hardware integration transitional upgrade models: "service system

integrator”, "service brand", "service solution provider" and "system OEM".
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	「金屬製品產業導入智慧製造專家座談會」會議紀錄
	日期：105年8月31日(星期三) 13:30~17:00
	地點：金屬工業研究發展中心 研發大樓A205會議室
	專家意見彙整摘要：
	在作智慧製造時導入AVM系統可以有效改善製程，但前提是掌握Y、X以及Y與X之間的Mapping。 所謂Y是指實際量測值(如鍛造力是否失效的因數)，如何界定為重點之一；接著要知道Y會與那些X(如震動、電流、電壓...等感測器訊號)連接，能不能搜集的到這些X、怎麼搜集、如何裝感測器也是重點之一；在Y與X之間的Mapping時，這也是最討厭的部份，常常是有X無Y或是有Y無X，甚至Y與X對不起來。
	解決上述議題的方法就是用物料追蹤，如鋁輪圈可在物件打上雷射Mark，但物件太小時就可能形成問題，甚至要找替代方式解決(如刀具太小用托盤)或採取RFID來克服，明瞭其因果關係就能利用AVM來解決智慧製造的導入問題。
	a.工業4.0各產業不同，電子業早就在作、汽車業的TESLA都已在作；扣件要作到工業4.0很困難，主要是產品很小且需大量生產，尤其是設備開發方面更為重要，特別設備控管、串連，最後作到篩選(sorting machine)後0缺點。b.工業4.0設備可能比一般設備多50%至1倍的價格，但產品製作出來卻無法完全是好的。c.航太扣件4,000~1萬美元/公斤，人工牙根可作到10~100萬美元/公斤，甚至到500萬美元/公斤，因此金屬中心應分不同產品應用別(如航太、汽車、醫療、一般扣件)加以輔導。d.經費...
	a.工業4.0是台灣未來機會，進入協易機械後，主要專注於沖壓製程。而在工業4.0方面，尚缺品質區塊，主要是相關生產訊息雖可抓得到，並運用大數據收集起來，然後跟先前資料比對，以瞭解生產過程是否有問題，但無法如AVM作到全檢。b.以產業面來看，由於中小企業面對訂單批量變化大，需要可立刻反應客戶需求(如換線)，因此工業4.0對中小企業真正能用的，能協助作到抓到即時生產訊息；但面對一個比較大的問題是中小企業的老舊設備取得資料有困難，造成較大的GAP，因此政府資源經費應考量如何提昇中小企業這方面的不足，而且...
	a.在手工具產值方面，因包括動力手工具，2015年實際應為1,112億元新台幣，建議主辦單位再查明並修正。b.導入的優勢部份，由於手工具成品出口單價10.5美元/公斤，因產品價值高、有相對的量，若導入智慧製造的話回收會較快。另一個手工具業的優勢是70%廠商在中部，尤其新政府在發展智慧機械，AVM檢測若能搭配手工具的製程設備，將對手工具業廠商有相當大的助益；特別是24小時生產下，若生產不良則會形成很大的浪費，若能採用AVM將有助於快速反應生產問題，大幅簡化過去用3D立體影像的抽檢方式。另在法人、學校...
	a.AVM可以在機台有問題時，感測器可以馬上反應，達到早期警示的目的，聯電、友達也都受益於此；系統/精度不穩定時，可以馬上知道那個感測器有問題，以利於作到即時處理，減少廢料的產生。b.遠東機械已要求售出的工具機均需安裝感測器，AVM系統成為其標準配備，大幅提昇該公司的設備自動化功力。c.電流感測器與震動感測器為其主要感測裝置，震動感測器價格較高(1個約1萬元，可用5~10年)，因此，目前也開始研發採用MEMS來作震動感測器(但可能只用2年)，造價低廉許多，有助於未來降低成本，提高市場推廣程度，特別...
	a.金屬中心目前正在進行智慧製造的示範場域：現已在規劃中，將結合相關專家合作，未來有助於想要進入智慧製造領域廠商有實際的體驗，但這部分執行尚需時間逐步建構。b.學研合作的人才培育方面：在教育部主導下，結合經濟部、科技部強化學校與研究單位的合作與鏈結，包含合聘研究員等方式，培育產業所需的專業人才。
	a.IoT技術已成熟，但台灣缺乏感測器，使得成本過高，研華在去年底與工研院已規劃開發感測器(低成本)，主要是台灣目前感測器大多應用於消費性市場，且高精度感測器還沒有著墨。b.過去，生產力4.0主要是離開3拼(拼時間、拼規模、拼價格)，並創造三高(高品質、高技術障礙、高附加價值)。因此，若無品質作提昇，只能作管理的話，其核心價值在那，尤其是在國外訂單的要求下；反觀AVM有利於整個品質的提昇往上，開發出來的設備愈來愈精準，將可提高台灣廠商的競爭力，但廠商注重的還是成本。
	a.客戶層大多屬小型企業，談智慧製造太過高深，尤其是考慮成本後，整個生產線要增加好幾百萬投入成本，一般小公司較承受不起。b.金屬中心應該找可以承受這些成本的廠商，去投入高階自動化後，解決成本後才有辦法往下走；像中國大陸公司的自動化投入成本遠比台灣廠商的投入成本為低(以倍數計)，主要是中國大陸廠商的資本高。所以，金屬中心要輔導產業方面，中小企業的確有其難處，鼎新僅能從管理面著手。鼎新作法是短期內先將產能提高、成本降低，提昇其競爭力。但長期還需降低自動化成本，因而需要先進行這一部份，特別是台灣產業為中...
	瞭解工業4.0還不是真正的開始，投入成本時才是真正的起步。金屬中心目前從事的示範線考慮的都只是技術，其實也要將投入成本一併考量，像有扣件廠商就考慮5年花10億建構工業4.0能量，其實就是投入智慧製造的一個投入成本的可行性評估，而不僅僅只是考慮技術是否可行而已。
	a.手工具業導入工業4.0的機會與領域非常廣，台灣手工具業在2003年前均是全球NO.1，2005年被德國追過。不過，DIY部份拿掉後，台灣手工具業還是NO.1，尤其是工業級手工具有一定能量。b.由於手工具業製程很長(10~15個)，手工具廠傾向製程專精，因而熱處理需委外，甚至連鍛造都委外，以降低成本來提高競爭力；手工具有時一個訂單要10張A4，item NO(可能最少1~5個)，規格非常複雜。要快速反應則需縮短交期但庫存量會增加，尤其是金統立是品牌商，出貨時間約20天(其他別家廠商的OEM約30...
	a.智慧製造的源頭是智慧型設備，感測是不可避免的工作，後面也需智慧分析大腦，也就是楊教授所說的X、Y之間鏈結，即找出與品質會發生暇疵的原因並與感測資訊產生鏈結，且需與產業製程掛勾，以形成可智慧分析大腦，以達到可預測、可精準反應，而這也是產業邁向智慧製造最關鍵的部份。b.學校與法人因可接手理論部份的推衍，最適合扮演這個智慧分析大腦的角色，而業界可提供製程因數(或失效因數)方面的需求，以作為智慧製造製程上的鏈結模式，透過學研單位元完成研究模式，以應用在金屬產業、工具機業、面板..等產業，形成穩定成功的...
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