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ME 1302 - Principles of manufacturing process (3-2-1-2) 
 

Manufacturing Processes 

Manufacturing processes are the steps through which raw materials are transformed into a final 

product. The manufacturing process begins with the creation of the materials from which the design is 

made. These materials are then modified through 

manufacturing processes to become the required part. 

Manufacturing processes can include treating (such as heat 

treating or coating), machining, or reshaping the material. The 

manufacturing process also includes tests and checks for 

quality assurance during or after the manufacturing, and 

planning the production process prior to manufacturing. 

Course Topics 

1. Engineering materials 

2. introduction to entrepreneurship,  

3. Manufacturing processes: casting, welding, forming, working , joining processes.  

4. Hand work and hand tools,  

5. Concept of machining processes, turning, drilling milling, and grinding.  

6. Metrological concepts.  

7. Industrial safety.  

8. Laboratory experiments. 

Program and Course Outcomes: 

1. To understand the principle of manufacturing engineering 

2. To obtain important information about the iron ores and how can obtain the different types of iron and steel 

3. To classify materials and their improvement properties 

4. To know the different types of machining processes 

5. To obtain an ability to identify, formulate and solve problems of machining 

6. To gain important information about sand casting and different types of welding processes. 

Recommended Textbook(s): 

1. Fundamentals of Modern Manufacturing by Groover. 

2. Manufacturing Engineering and Technology by Kalpakjian. 
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LEC-2 

Extraction of metals and materials. 

We study iron Extraction as example of this title  

Iron Ores 

 Almost all industrial Iron making worldwide is based around iron 

oxide ores 

 Iron is the fourth most abundant element on the Earth’s crust 

 Generally require Fe content of >58 wt % for economical BF process 

(The blast furnace is a reactor which produces an impure form of molten 

iron). 

1-Crushing and grinding of the ore : These ores occur in nature as huge 

lumps. They are broken to small pieces with the help of crushers or 

grinders. These pieces are then reduced to fine powder with the help of a 

ball mill or stamp mill. This process is called pulverisation.   السحق  

2- CONCENTRATE THE ORE:  Depending upon the nature of the ore, one 

or more of the following steps are taken to concentrate the ore. These are 

mostly physical methods of concentration. التركيز   

A))Magnetic separation – Magnetic ores like pyrolusite ( MnO2) and 

chromite ( FeO.Cr2O3 )are enriched by this method by making use of the 

difference in the magnetic properties of the ore and gangue particles. The 

powdered ore is dropped on to leather or brass conveyer belt, which moves 

over two rollers one of which is magnetic. When the ore passes over the 

magnetic roller, it sticks to the belt due to the force of attraction and falls 

nearer to magnetic roller. The gangue falls in a normal way under the 
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FUNDAMENTALS OF METAL CASTING 

 Solidification Processes 

https://www.youtube.com/watch?v=pwaXCko_Tkw 

Casting 
casting is a process in which a liquid metal is somehow delivered into a mold that 

contains a hollow cavity (i.e., a 3-dimensional negative image) of the intended 
shape. The metal and mold are then cooled, and the metal part (the casting) is 
extracted. Casting is most often used for making complex shapes that would be 
difficult or uneconomical to make by other methods. 

 
 

 

 

 

 

 

 

Advantages 

• (Can create complex part geometries that can not be made by any other process 
• Can create both external and internal shapes 
• Some casting processes are net shape; others are near net shape 
• Can produce very large parts (with weight more than 100 tons), like m/c bed 
• Casting can be applied to shape any metal that can melt 
• Some casting methods are suited to mass production 
• Can also be applied on polymers and ceramics 

 

Disadvantages 

• Different disadvantages for different casting processes:  

• Limitations on mechanical properties 

• Poor dimensional accuracy and surface finish for some processes; e.g., sand casting 

https://en.wikipedia.org/wiki/Mold_(manufacturing)
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FUNDAMENTALS OF METAL CASTING 

 Solidification Processes  

Die Casting: - 

Die casting is a metal casting process that is characterized by forcing molten metal 

under high pressure into a mold cavity. The mold cavity is created using two hardened 

tool steel dies which have been machined into shape and work similarly to an injection 

mold during the process. Most die castings are made from non-ferrous metals, 

specifically zinc, copper, aluminum, magnesium, lead, pewter and tin-based alloys. 

Depending on the type of metal being cast, a hot- or cold-chamber machine is used. 

 

The casting equipment and the metal dies represent large capital costs and this tends to 

limit the process to high-volume production. Manufacture of parts using die casting is 

relatively simple, involving only four 

main steps, which keeps the incremental 

cost per item low. It is especially suited 

for a large quantity of small- to medium-

sized castings, which is why die casting 

produces more castings than any other 

casting process. Die castings are characterized by a very good surface finish (by casting 

standards) and dimensional consistency. 
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1. Rolling: - 

Introduction 

 Rolling is one of the most important industrial metal forming operations. Hot Rolling is 

employed for breaking the ingots down into wrought products such as into blooms and billets, which 

are subsequently rolled to other products like plates, sheets etc. Rolling is the plastic deformation of 

materials caused by compressive force applied through a set of rolls. The cross section of the work 

piece is reduced by the process. The material gets squeezed between a pair of rolls, as a result of which 

the thickness gets reduced and the length gets increased. Mostly, rolling is done at high temperature, 

called hot rolling because of requirement of large deformations. 

 

2 Rolling mills:  
Rolling mill consists of rolls, bearings to support the rolls, gear box, motor, speed control devices, 

hydraulic systems etc. The basic type of rolling mill is two high rolling mill. In this mill, two opposing 

rolls are used. The direction of rotation of the rolls can be changed in case of reversing mills, so that 

the work can be fed into the rolls from either direction. Such mills increase the productivity. Non 

reversing mills have rolls rotating in same direction. Therefore, the work piece cannot be fed from the 

other side. Typical roll diameters may be 1.4 m. A three high rolling mill has three rolls. First rolling 

in one direction takes place along one direction. Next the work is reversed in direction and fed through 
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Forging 

Forging is the term for shaping metal by using localized compressive forces. Cold forging is done at room 
temperature or near room temperature. Hot forging is done at a high temperature, which makes metal easier 
to shape and less likely to fracture. Warm forging is done at intermediate temperature between room 
temperature and hot forging temperatures.  

• Forging is the working of metal into a useful shape by hammering or pressing. 

• The oldest of the metalworking arts (primitive blacksmith). 

• Replacement of machinery occurred during early the Industrial revolution. 

• Forging machines are now capable of making parts ranging in size of a bolt to a turbine rotor. 

• Most forging operations are carried out hot, although certain metals may be cold-forged. 

 

Classification of forging processes:- 

By equipment or mechanism  

Forging hammer or drop hammer. It is the process that change the shape of the product by continual 

hammering in several directions to get to the final form or ship.  

Press forging: It is scientific, which is done by changing the shape of the product by shedding constant 

pressure on the product at a fixed strain rate  to get to the final form 

By process 
1) Open - die forging 

2) Closed - die forging 

 

Open-Die Forging 

Most forging processes begin with open die forging. Open die 

forging is hot mechanical forming between flat or shaped dies in 

which the metal flow is not completely restricted. The stock is laid 

on a flat anvil while the flat face of the forging hammer is struck 

against the stock. The equipment may range from the anvil and 

hammer to giant hydraulic presses 

Open-die hot forging is an important industrial process. Shapes generated by open-die operations are simple; 

examples include shafts, disks, and rings. In some applications, the work must often be manipulated (for 



Lec-7- Metal Machining       principle of manufacturing processes               first year                         Dr.sattar A. Mutlag 2021 

 

 
 

1 

Metal Machining 
Machining is not just one process; it is a group of processes. The common feature is the use of a 

cutting tool to form a chip that is removed from the workpart. To perform the operation, relative motion is 

required between the tool and work. This relative motion is achieved in most machining operations by means 

of a primary motion, called the cutting speed, and a secondary motion, called the feed. The shape of the tool 

and its penetration into the work surface, combined with these motions, produces the desired geometry of the 

resulting work surface. 

Types of Machining Operations There are many kinds of machining operations, each of which is 

capable of generating a certain part geometry and surface texture, but for now it is appropriate to identify 

and define the three most common types: turning, drilling, and milling, illustrated in Figure 

 

 



Lec-7- Metal Machining       principle of manufacturing processes               first year                         Dr.sattar A. Mutlag 2021 

 

 
 

1 

Drilling and Related Operations 
Drilling, Figure 1, is a machining operation used to create a round hole in a work part. This contrasts 
with boring, which can only be used to enlarge an existing hole. Most drilling operations are 
performed using a rotating cylindrical tool that has two cutting edges on its working end. The tool is 
called a drill or drill bit, the most common form of which is the twist drill. 
The rotating drill feeds into the stationary work part to form a hole whose diameter is equal to the 
drill diameter. Drilling is customarily performed on a drill press, although other machine tools also 
perform this operation.  

 

 

Drills:  Various cutting tools are available for hole making, but the twist drill is by far the most 
common. It comes in diameters ranging from about 0.15 mm to as large as 75 mm. Twist drills are 
widely used in industry to produce holes rapidly and economically. The standard twist drill 
geometry is illustrated in Figure 2. The body of the drill has two spiral flutes (the spiral gives the 
twist drill its name). The angle of the spiral flutes is called the helix angle, a typical value of which 
is around 30°. While drilling, the flutes act as passageways for extraction of chips from the hole. 
Although it is desirable for the flute openings to be large to provide maximum clearance for the 
chips, the body of the drill must be supported over its length. This support is provided by the web, 
which is the thickness of the drill between the flutes. 
The point of the twist drill has a conical shape. A typical value for the point angle is 118°. The point 
can be designed in various ways, but the most common design is a chisel edge, as in Figure 2. 
Connected to the chisel edge are two cutting edges (sometimes called lips) that lead into the flutes. 
The portion of each flute adjacent to the cutting edge acts as the rake face of the tool. 



   محاضرة
)أنتاج المواد المعدنية (

      المرحلة الاولى/  قسم الهندسة الميكانيكية /كلية الهندسة      Іعمليات تصنيع 

18

2  . 

 
 

 
 ؟ـ/ػعظ 

 ج/
1.

 
 

2. 

 
.) 

 اّزبج اىَؼبظُ غُؽ اىسعَعَخ

 ٍلازظخ:

،النحاس والألمنٌوم والقصدٌر والزنك  من المعادن غٌر الحدٌدٌة المستعملة على نطاق واسع فً الصناعة
والرصاص والنٌكل و المغنسٌوم ،وٌفسر استعمال المعادن غٌر الحدٌدٌة وسبائكها بؤن لبعضها خواص قٌمة 

 كجودة التوصٌل الكهربائً والحراري ومقاومة الصدأ وصغر معامل الاحتكاك .
 اىسعَعَخ ؟ ـ/ وضر ثبضزظبؼ اهٌ الافؽاُ اىَكزطعٍخ لاقزطلاص اىَؼبظُ غُؽ

 ج/

ٛٞ اثغؾ أٗٞاع الأكشإ أُغزؼِٔخ ك٢ اعزخلاص أُؼبدٕ   Reverbartory Furnaceاىفؽُ اىؼبمف 

٣ٝزْ اُشؾٖ خلاٍ  ادٗبٙ،ؿ٤ش اُؾذ٣ذ٣خ ،٣ٝزٌٕٞ ٛزا اُلشٕ ٖٓ ٓٞهذ ؽ٣َٞ ٝػ٤ن ًٔب ٓج٤ٖ ك٢ اُشٌَ 

عطؼ اُلشٕ ٝرُي ثشكغ ثؼغ أعضاء ٖٓ ٛزا اُغطؼ رذػ٠ ثبُغذاداد ٝاُخجش أُزٌٕٞ ٖٓ إػبكخ أُٞاد 

أٓب اُٞهٞد  ، رطلٞ ػ٠ِ عطؼ أُؼذٕ أُظٜٞس ٝروَِ اؽزٔبٍ اُزؤًغذ اُشذ٣ذ ُِٔؼذٕ خأُغبػذح ٣شٌَ ؽجو

( طن  50( إلى ) 5وسعة هذه الأفران فهً من ). الغازي أو السائل أُغزؼَٔ ك٢ ٛزٙ الأكشإ كٜٞ اُٞهٞد

 . لكل صهره
 

  
 

 (الفرن العاكس)
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 Measuringالقياس  .1
 س/ما المقصود بالقياس ؟

 ج/
هو مقارنة بين أبعاد المنتجات وبين مقاييس مجهزة بتداريج مكونة من عدد من وحدات القياس القياس :

للحصول على نتائج دقيقة بوساطة محددات القياس والفراجيل ،ويجب أن تتم المقارنة عدة مرات أثناء العمل 
وأجهزة القياس الأخرى، حيث يمكن مراجعة المنتجات مراجعة دقيقة حتى تضمن أنها مطابقة للأبعاد 

 لاحظ الشكل ادناهالمطلوبة .

 
 القياس )أبعاد (مقارنة 

 ملاحظة /
الخراطة والتفريز وغيرها ) يقاس طول وقطر وسمك (عمليات قطع المعادن مثل عند التشغيل الميكانيكي 

(اللولب ) وغير ذلك بوساطة أجهزة قياس يتوقف نوع هذه الأجهزة  ظالمشغولات وزواياها وكذلك أبعاد القلاوو
على نوع القياس المطلوب ،فمثلا لقياس الأطوال تستعمل مساطر القياس وقدمات القياس والميكرومترات ولقياس 

 ل أداة تسمى زاوية الضبط والمنقلة القدمة ،وغيرها من عمليات القياس وأجهزتها المختلفة .الزوايا تستعم
 ملاحظة /

هي العامل المهم  في اختيار نوع أجهزة القياس إضافة إلى سهولة استعمالها وعدم تأثرها بالحرارة  تكون الدقة 
 .أبعاد القلاووظلاحظ عملية قياس وكثرة الاستخدام لكي تعطي الدقة المطلوبة 

 
 )أبعاد القلاووظعملية قياس (
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 Measuring Instruments أدوات القياس
 
 The Measuring Rules and Tapes  وشرائط القياس  مساطرال .1

) فتستعمل (Measuring Tapesتستعمل المساطر للقياس المباشر للمسافات القصيرة ،اما شرائط القياس 
 .بعض انواع المساطر والشرائط  الشكل ادناهفي لاحظ لقياس المسافات الكبيرة .

 
 (مساطر وشرائط القياس )

 
 Steel Ruleمسطرة الصلب 

 ) ؟ Steel Ruleس/عرف مسطرة الصلب (
 ج/

في الاستعمال في عمليات القياس في الورش ،وهي توجد بأنواع هي اقدم أداة من ادوات القياس واكثرها شيوعا 
) او حسب  Metric Systemمختلفة من حيث الدقة ،وتدرج اما حسب النظام المتري (واشكال عديدة وبفئات 

ودقتها اما ) 1000mmو 600، 300، 150تتوفر بأطوال مترية (و,)  British Standardالنظام الانكليزي (
1mm)( 0.5أوmm) ( .لاحظ شكل مسطرة الصلب ادناه. 

 
 

 (مسطرة الصلب)
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 تصنيف مساطر القياس
  ؟ المختلفة مساطر القياسس /صنف 

 ج/
 تصنف مساطر القياس استنادا الى شكلها وتطبيقاتها الى :

 . وعمليات القياس المختلفة وتستعمل في قياس الاماكن الضيقة: .مسطرة بحافة جانبية مدرجة1
 الاعماق .تستعمل في قياس الاطوال في الاماكن الضيقة كما تستخدم في جهاز قياس : مسطرة صلب رقيقة.2
وهي مصنوعة من صلب النوابض بحيث يمكن حنيها على الشغلة وتستعمل في قياس : مسطرة صلب مرنة.3

 الاطوال على الاسطح الدائرية .
تستعمل هذه المساطر في قياس ابعاد الشغلات المخفية التي لا يظهر طرف : .مسطرة صلب بحافة ارتكاز4

ط تدرج المسطرة الاعتيادية وفي هذه المساطر يكون التدرج ابتداء من القياس او حافته بحيث لا يمكن مطابقة خ
 حافة الارتكاز .

 وتستعمل في قياس الاطوال في المناطق الضيقة .صلب بماسك :.مسطرة 5
تستعمل هذه المسطرة بصفة خاصة في قياس اطوال تنتهي بمنحنيات اتصال .مسطرة صلب بحافة مشطوفة :6
)Fillets . تمنع من استخدام مسطرة عادية ( 
 

  
 .مسطرة صلب مرنة       2.مسطرة بحافة جانبية                                                1

 

  
 .مسطرة صلب مشطوفه 3.مسطرة صلب بحافة ارتكاز                                               2

 القياس)تطبيقات مساطر بعض اشكال و(

alsarh
Textbox
Lec- 11- Physical and Mechanical Properties of Metals        first year                                                                       Dr.sattar A. Mutlag 2021 principle of measuring instrument

alsarh
Pencil

alsarh
Pencil



  ات محاضر
 الفصل الثالث  

 ) القياس والتحديد(
  لعزاوي  فارس ا .عبدأمدرس المادة /    المرحلة الاولى/  قسم الهندسة الميكانيكية /كلية الهندسة      Іعمليات تصنيع 

 
 

4 
 

   Vernier Caliper.القدمة ذات الورنية 2
 س/عرف القدمة ذات الورنية ؟

 ج/
وتتكون من مسطرة  0.02mm:هي أداة دقيقة لقياس الأطوال يمكنها قياس أبعاد تصل إلى  القدمة ذات الورنية

(قضيب قياس ) مثبت عليها فكان ثابتان، وفكان متحركان يكونان كتلة واحدة مع  الإطار ويتحركان معه  سقيا
على المقياس الأساسي (مقياس مسطرة القياس ) ويثبت الإطار بواسطة مسمار ربط ،وللإطار عارضة مرسوم 

 عمق ) .عليها تدريجات الورنية ويثبت مع الورنية ذراع  قياس العمق (محدد قياس ال
 يبين الشكل ادناه الأجزاء الأساسية للقدمة ذات الورنية 

 
 فك ثابت                                                                                                                            

 )الأجزاء الأساسية للقدمة ذات الورنية(
 Accuracy  دقة القدمة 

 دقة القدمة ؟بس/ما المقصود 
 ج/

باختلاف عدد الأقسام على مقياس تقيسه وهي تختلف صغر قياس مضغوط يمكن لهذه الأداة أن هي ا دقة القدمة  :
 .)0.02mmو 0.05، 0.1 (الورنية ،وتبعا لتقسيمات الورنية يمكن قياس الأجزاء باستخدام القدمة بدقة تساوي 

 ؟س/كيف يمكن حساب دقة القدمة 
 ج/

 ) حسب العلاقة : xيمكن حساب دقة القدمة (
 X = A – B   

 حيث :
A    ) طول التدريجة بالمقياس الاساسي بـ =mm  ( 
B     بـ (= طول التدريجة بمقياس الورنيةmm ( وهو يساوي طول مقياس الورنية )L (  مقسوما على عدد

 ) . N( تدريجات المقياس

B = 

 :ملاحظة مهمة 
ى التدريج لدقة القدمة = اقل قيمة يمكن قراءتها ع :من التعريف الاتيمباشرتا يمكن الحصول على دقة القدمة 

 )  =X  (  عدد أقسام الورنية\الرئيسي 
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 مثال : 
 ةوطول تدريج ة) تدريج 10) وعدد تدريجات هذا المقياس ( 9mm قدمة قياس ،طول مقياس الورنية فيها (

 ) ملم ، احسب دقة هذه القدمة ؟  1المقياس الاساسي ( 
 الجواب :

A=1 mm                
B = 9/10 = 0.9 mm 

 X =1- 0.9 = 0.1 mm مقدار دقة القدمة 
 

  Measuring Rangeمدى قياس القدمة 
 ) ؟ مدى القياسس / ما المقصود بـ (

 ج/
يمكن  يعني أقصى طول يمكن للقدمة أن تقيسه ،وهذا يعتمد على طول ساق القدمة وطول الورنية فيها ،حيث لا 

الحصول على قراءة باستخدام القدمة مساوية للطول الكلي لساق القدمة نفسها بسبب تحديد حركة الورنية ،لذلك فأن 
 مدى القياس بالقدمة يمكن تحديده بالعلاقة التالية :

 
 القياس = طول ساق القدمة ــ طول مقياس الورنية مدى

 
 مثال :

) اقسام ، ما  10) ملم مقسم إلى (9) ملم ،وطول مقياس الورنية ( 150قدمة قياس ،طول الساق المدرج فيها (  
 مقدار دقتها ؟ ومدى القياس فيها ؟ 

 ج/
X=A- B     
X= 1- 9/10 
X=0.1 mm 

 الورنية  طول مقياس –مدى القياس = طول الساق 
  9 -  150مدى القياس = 

 ملم   141=                
 

 اسئلة للمناقشة
 /ما المقصود بالقياس ؟عدد اهم ادواته .1س
 24،يقابله  تدريجه 25لقدمة قياس مترية ،مقياس الورنية فيها مقسم الى   احسب الدقة  ومدى القياس2س

) وطول الساق المدرجة فيها  0.5mmمن المقياس الرئيسي =  تدريجه  1على المقياس الرئيسي (كل  تدريجه
30cm ؟ 

 ما فائدة مدرج القدمة ؟وضح ذلك بالرسم مع ذكر مثال على ذلك ؟/3س
 /صنف مساطر القياس على اساس الاستخدام ؟موضحا بالرسم كيفية استخدام كل نوع ؟4س
 ياس ؟/ما العوامل الاساسية التي تحددك في اختيار نوع اجهزة الق5س
 /ارسم قدمة القياس وبين اهم اجزائها ؟6س
 .مدى القياس فيها ؟2.دقة القدمة 1/ما الفائدة العملية من معرفة :7س
 /مسطرة صلب بحافة ارتكاز اثناء عملية اخذ القياس موضحا اجزائها ؟8س
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 Production of Copperإّزبج اىْسبـ .8
 ـ /ٍبهٍ اهٌ ضبٍبد اىْسبـ اىَىخىظح ثبىقشؽح الأؼضُخ واىزٍ َزٌ اقزطلاطه ٍْهب ؟

 ج/

( وهو أكثر خامات النحاس انتشارا فهو اوكسٌده الأحمر وكبرٌتٌدة  Copper Pyriteبٌرٌت النحاس ).1

 (. %32(حٌث ٌحتوي على نحاس بنسبة )  Cu2SFe2S3المزدوج مع الحدٌد)

 (.Cu2Sالهالكوزاٌت ).2

 . (Cu2S.FeS. CuS )البورنٌت أوالخام الأرقط .3

 .( وٌعتبر من الخامات الفقٌرة Cu2Oالكوبرٌت ،خام اوكسٌد النحاس ) .4

 ٍبهٍ طؽائق اّزبج اىْسبـ ؟وضر ـ/

 ج/

 :  ٛ٘بى ؽش٣وزبٕ لإٗزبط اُ٘ؾبط
 Wet Processاُطش٣وخ اُشؽجخ  .Dry Process 2اُطش٣وخ اُغبكخ .1

 Dry Processاىطؽَقخ اىدبفخ 

 س/ماهً العملٌات التً تتكون منها الطرٌقة الجافة ؟

 الطرٌقة من العملٌات الآتٌة : تتكون هذه

 .التنقٌة 5.الحصول على النحاس غٌر النقً 4.التحوٌل الى نحاس صخري 3.التحمٌص 2.تركٌز الخام 1

 س/كٌف تتم عملٌة تركٌز خامات النحاس ؟

 ج/

ٌتم تركٌز خامات النحاس الكبرٌتٌة عن طرٌق الطفو وذلك نظرا لان المركبات الكبرٌتٌة لا تبتل فً الماء. فٌتم 

المملوءة بالماء فتبدأ  جزٌئات الخام الكبرٌتً المفتتة التً لم تبتل بالماء تفتٌت الخام قبل تعوٌمه فً ماكٌنة الطفو 

 فً الصعود إلى السطح أما جزٌئات المادة العاطلة )الشوائب( فترسب إلى القاع. 

 ـ/وضر مُف رزٌ ػَيُخ رسَُض ضبٍبد اىْسبـ ؟

 ج/

درجة مئوٌة وذلك لتقلٌل نسبة  1000و  800ٌتم التحمٌص فً أفران خاصة وفً درجة حرارة تتراوح بٌن 

الكبرٌت فً الخام ولتحوٌل بعض كبرٌتٌد النحاس و الحدٌد إلى اكاسٌد وكذلك للتخلص من بعض الشوائب 

(Impurities كالزرنٌخ و)   .الانتٌمون 

 اىْسبـ فٍ اىطؽَقخ اىدبفخ ؟ ضبٍبد ـ /مُف َزٌ طهؽ

 ج/

فران العاكسة التً تعمل بالوقود الغازي أو السائل و ٌتم صهر الخام وتحوٌله إلى نحاس صخري و ذلك فً الأ

وتكون شحنة الفرن عبارة عن الخام المركز مخلوط ˚ 1000Cتصل درجة حرارة هذه الأفران إلى أعلى من 

تجري تفاعلات ٌكون نتٌجتها تكوٌن كبرٌتٌد النحاس الثنائً و  ˚ 1100C بالمواد المساعدة وعند درجة حرارة 

.وبعد انتهاء الصهر ٌقشط الخبث و  كبرٌتٌد الحدٌد و الخبث المتكون من اتحاد المادة المساعدة بؤكسٌد الحدٌد

ً ٌإخذ النحاس الصخري إلى المحولات التً ٌتم فٌها أكسدة الحدٌد واحتراق الكبرٌت المتحد مع النحاس لٌعط

 .2%نحاسا غٌر نقً ٌحتوي على الشوائب بنسبة 
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 ـ/ٍب اىغؽع ٍِ ػَيُخ رْقُخ اىْسبـ ؟ومُف رزٌ ؟

 ج/

 .هذه العملٌة تخلٌص النحاس من الشوائب الضارة الغرض من 

من  99.5 -  %99.7أولا حرارٌاً فً أفران عاكسة وٌحتوي النحاس الذي ٌنتج بعد هذه العملٌة على ورزٌ

لعملٌات التحلٌل الكهربائً التً تزٌد  ( Anodie (النحاس النقً الذي ٌصب إلى كتل أو صفائح أنودٌة 

 من النحاس النقً.  %99.98من تنقٌة النحاس حتى ٌصل إلى

 Wet Processاىطؽَقخ اىؽطجخ 

 ـ/ ىَِ ركزؼَو اىطؽَقخ اىؽطجخ ؟وٍب هٍ ضطىارهب ؟

 ج/

 هذه الطرٌقة للحصول على النحاس من الخامات الاكسٌدٌة الفقٌرة. تستعمل

عملٌات للحصول على حبٌبات  ذات حجم واحد. ثم تجري  بمرحلة الفرزأولا ثم ٌمر  ٌفتت الخام وفٌها
الخام  فٌنفصلفٌهما الخام والمادة العاطلة بواسطة تٌار من الماء  ٌغسلفً ماكٌنة الترسٌب التً  التركٌز

بمحلول مخفف من الخام المركز وٌعالج لى أسفل بٌنما تبقى المادة العاطلة فً سطح الحوض. إ ٌرسبو
من المحلول  وٌتم ترسٌب النحاسللحصول على محلول نظٌف . وٌتبع ذلك ترشٌحهحامض الكبرٌتٌك 
 ثمCuSO4+Fe=FeSO4+Cu  )أو بإحلال الحدٌد محل النحاس حسب التفاعل ) بالتحلٌل الكهربائً

 .ٌنقىالنحاس بعد ذلك و  ٌصهر

 Copper Alloysسبائك النحاس 

 ؟وما هً مكوناتهاس/ماهً اهم سبائك النحاس المستخدمة فً الصناعة 

 ج/

 Bronze.البرونز1

سبٌكة وهً سبٌكة من النحاس والقصدٌر وتختلف نسبة تكوٌنه باختلاف الغرض من استخدامه فهناك 

زنك والتً تستخدم فً  2نحاس و%%88قصدٌر و %10التً تحتوي على( Gun Metalالمدافع )

نحاس  %83.5  قصدٌر و16وٌتكون من%  البرونز الفسفوريوهناك أٌضا  المسبوكات الثقٌلة.

فوسفور و ٌستخدم فً صناعة التروس و أجزاء الماكٌنات المعرض للإجهادات . وٌمتاز  0.5و%

 شائع الاستخدام فً كثٌر من أجزاء الماكٌنات . البرونز بقابلٌته العالٌة للتشغٌل على الماكٌنات لذلك فهو

 Brass.النحاس الأصفر 2 

وهو سبٌكة من النحاس و الزنك وتختلف نسبة النحاس إلى الزنك فً السبٌكة باختلاف التطبٌق وتمتاز 

  سبائك النحاس الأصفر بمظهرها اللامع ولونها الأصفر الجمٌل كما تمتاز بمقاومتها للتآكل.

 بٌتًاسئلة واجب 

 / اكتب معادلة ترسٌب النحاس فً خلٌة التحلٌل الكهربائً ؟ 1س 

 /عرف كل من المصطلحات التالٌة :2س 

 .بٌرٌت النحاس4.البرونز3.النحاس الاصفر 2.سبٌكة المدافع 1

 /قارن بٌن الطرٌقة الجافة والطرٌقة الرطبة لإنتاج النحاس ؟3س

 الغرض والمكونات ./قارن بٌن البرونز والنحاس الاصفر من حٌث 4س
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 Production of Aluminumإّزبج الأىَُْىً .9

 ـ/ٍبهٍ ضبٍبد الاىَُْىً اىزٍ اّزشؽ اقزطعاٍهب فٍ اىظْبػخ ؟

 ج/

أهم خامات الألمنٌوم التً انتشر استخدامها انتشارا كبٌرا فً الصناعة هً اوكسٌد الألمنٌوم المائً 

(Al2O3.3H2O  وأهم أنواع البوكساٌت المعروفة صناعٌا هً البوكساٌت الأبٌض، ) ( المعروف بـ )البوكساٌت

 .والبوكساٌت المحمر

 ؟ ( Boxiteـ/ػؽف اىجىمكُذ )

 ج/

البوكسٌت عبارة عن صخر معدنً مركب ٌحتوي على  المادة الخام الرئٌسٌة للحصول على الألمنٌوم وهو 

وٌحتوي بالإضافة إلى ذلك عدداً من الشوائب كؤكسٌد الحدٌد  %60 إلى  %40بنسبةهٌدروكسٌد الألمنٌوم طلٌقاً 

 والسٌلٌكا وغٌرها.

 ـ/مُف َزٌ اّزبج الاىَُْىً ٍِ ضبٍبره ،وضر غىل ثبىَؼعلاد اىنَُُبئُخ ٍىؾوّخ؟

 ج/

 ٌتم إنتاج الألمنٌوم على مرحلتٌن :

ٌعامل الخام الذي ٌحتوي على كمٌة حٌث لألمنٌوم )الالومٌنا(من البوكسٌت، .الحصول على أوكسٌد ا1

 صغٌرة من السٌلٌكا بالمواد القلوٌة لتحوٌل هٌدروكسٌد الألمنٌوم إلى الومٌنات الصودٌوم :

2Al(OH)3 + 2NaOH = Al2O3Na2O +4H2O 

أما اكاسٌد الحدٌد والكالسٌوم وغٌرها فإنها تكون رواسب صلبة غٌر  وتذوب الالومٌنات الناتجة فً الماء،

وٌجري المحلول المائً المرشح لألومٌنات  الصودٌوم إلى  قابلة للذوبان تفصل على المرشحات الكابسة.

أحواض بها قلابات ٌتحلل فٌها المحلول بواسطة التحلٌل الكهربائً فٌنفصل منه راسب صلب من 

 هٌدروكسٌد الألمنٌوم:

Al2O3Na2O +4H2O=2Al(OH)3 + 2NaOH 

م إلى اوكسٌد الألمنٌوم غٌر المائً 1300وٌرسل الراسب إلى الفرن حٌث ٌتحول عند درجة حرارة 

A12O3. 

ٌتلخص الحصول على الألمنٌوم من ،و .التحلٌل الكهربائً للالومٌنا للحصول على الألمنٌوم النق2ً

 الى مكوناته ( المصهور AlF33NaFالالومٌنا فً تحلٌل اكسٌد الالمنٌوم كهربائٌاً فً أحواض الكرٌولٌت )

ثم تحلل بعد الإذابة كهربائٌاً فٌنفصل الألمنٌوم النقً  .ومن خواص الكرٌولٌت القدرة على إذابة الالومٌنا،

 إلى قاع أحواض التحلٌل.

 قجبئل الأىَُْىً

 ـ /ٍَب رزنىُ قجبئل الاىَُْىً؟

 ج/

تتكون سبائك الألمنٌوم من الألمنٌوم كؤساس لها وبعض العناصر الأخرى ، واهم المعادن التً تخلط مع الألمنٌوم 

لتحسٌن خواصه هً السٌلكون والنحاس والمغنسٌوم والخارصٌن والنٌكل والحدٌد ،وسبائك الألمنٌوم أكثر متانة 

 الاستعمال فً الصناعات المختلفة . ومقاومة للتآكل والصدمات من الألمنٌوم النقً ،وهً واسعة 
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 ـ/طْف قجبئل الاىَُْىً ؟

    ج/

الخ(ومن هذه السبائك الدور  البثق.. الدرفلة و .سبائك الألمنٌوم القابلة للتشكٌل )بؤسالٌب الطرق والصب و1

( ذو المتانة العالٌة ومقاومة التآكل الكٌمٌائً والذي ٌستخدم  فً صناعة بعض أجزاء  Duraluminلومٌن )

 الطائرات وأجسامها.

.سبائك الألمنٌوم للمسبوكات )السباكة الرملٌة والسباكة فً قوالب معدنٌة ..الخ(ومنها سبائك السٌلومٌن 2

(Silomin Alloys ( أو سبائك الالمنٌوم والسٌلكون)Al-Si .) 

 إّزبج اىؽطبص.10

 ـ/ٍبهٍ اهٌ اىطبٍبد اىزٍ َكزطيض اىؽطبص ٍْهب ؟

 ج/
 . %16-6وتتراوح نسبة الرصاص فً الخام بالمتوسط من  PbSاهم خامات الرصاص هو اللٌتارج

 اقزؼِ ثبىَؼعلاد اىنَُُبئُخ ٍىؾوّخ ؟ـ/اشؽذ طؽَقخ اقزطلاص اىؽطبص ٍِ ضبٍزه ؟

 ج/

ٌستخلص الرصاص بطرٌقة الصهر الاختزالً للخام المركز بعد تحمٌصه مبدئٌاً. وٌجري التحمٌص المبدئً 
وٌمكن بواسطة  PbSO4وتحوٌل الرصاص الى كبرٌتات  PbSفً أفران عاكسة لتحلٌل كبرٌتٌد الرصاص 

صهر فً . وٌختزل الرصاص عند ال PbOالتحمٌص الثانوي التخلص تماماً من الكبرٌت والحصول على

 أفران اسطوانٌة بواسطة كربون فحم الكوك حسب المعادلتٌن:
PbO   +  c = Pb + co

PbO + co = Pb + co2  

(وٌحتوي الرصاص بعد  %15وٌحتوي الرصاص الناتج بعد الاختزال على شوائب بنسبة تصل إلى ) 

 ( من عنصر الرصاص. %99.95تنقٌته على نحو)

 
 أسئلة للمراجعة

 .الرصاص   3الألمنٌوم. 2.النحاس 1طرٌقة انتاج :معادلات الكٌمائٌة موزونة مستعٌنا بال/اشرح 1س

  /اذكر طرق تركٌز المعادن غٌر الحدٌدٌة واشرح واحدة منها ؟2س

 ؟ على الألمنٌوم من الالومٌنا ٌمكن الحصول/كٌف 3س

 /اكتب معادلات اختزال الرصاص فً الافران الاسطوانٌة ؟4س
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  Light Reflection.الانعكاس الضوئي 4
ذ عن ذلك معظم المعادن تعكس الاشعة الضوئية ،لذا فان لونها الطبيعي ابيض او اقرب ما يمكن الى البياض ويش

 الضوء. سالنحاس والذهب بينما كثير من المواد غير المعدنية لا تعك
 X-ray Penetration.نفاذ الاشعة السينية 5

 المعادن صعبة الاختراق بواسطة الاشعة السينية بينما اغلب المواد غير المعدنية تسمح بنفاد الاشعة السينية.
  Magnetizability.القابلية للمغنطة 6
 اكثرية المعادن قابلة للمغنطة بعكس اغلب المواد غير المعدنية . 
  fluidity.الميوعة7

وهي قابلية المعدن على السيولة والانسياب عند درجات الحرارة العالية . وتمتاز اغلب المعادن بانها ذات 
 حرارة الغرفة. درجة انسياب عالية عند درجات الحرارة العالية. ويمتاز الزئبق بانه مائع عند درجة

 fusability.الانصهار المحلي8
وهي قابلية المعدن على الانصهار عند نقاط محددة اذا سلطت على هذه النقط حرارة عالية ويستفاد من هذه 

 الخاصية في عمليات اللحام المختلفة.
 

 Mechanical Propertiesالخواص الميكانيكية 
مقاومة  تغير شكلها ،وانهيارها عند وقوعها تحت تأثير القوى  الخواص الميكانيكية، قدرة المواد علىتحدد 

الخارجية ،وتتوقف هذه الخواص على نوع المادة وطريقة تشغيلها وبنيانها الداخلي وشكل المصنوعة وعلى عدد 
 .من العوامل الاخرى

 الميكانيكية للمعادن ؟اهم  الخواص س/عدد 
 ج/
   Ductilityالمطيلية .1

) او  Bending) او الانحناء ( Tensionالمعدن على تقبل التغير في شكله تحت تأثير قوى الشد(وترمز الى قدرة 
 )  بدون حدوث الكسر كما في عمليات سحب الاسلاك وسحب الانابيب .Drawingالسحب (

 Malleability.الطروقية 2
.وقابلية الطرق هي Compression) وترمز الى قدرة المادة على قبول التغير في شكلها تحت تأثير الضغط (  

الخاصية التي تساعد الجسم على التمدد بصفة ثابتة في جميع الاتجاهات دون ان ينكسر من جراء تعرضه لقوة 
) هي التي يمكن طرقها بالمطارق او درفلتها الى اي  Forgableالضغط  . وعليه فأن المعادن القابلة للطرق (

 دادة الفولاذ على الساخن و درفلته الى اي شكل من الاشكال .شكل من الاشكال دون ان تنكسر ،مثل ح
 ملاحظة : 

 ان جميع المعادن قابلة للطرق ولكن بدرجات متفاوتة ،فالنحاس أكثر قابلية للطرق من الحديد وهكذا .
 
 Toughness.المتانة 3

وترمز الى قابلية المادة على مقاومة الانهيار تحت تأثير القوى والعزوم الخارجية وتقاس متانة المعدن بعدد 
 . 2ملم 1الكيلوغرامات التي يحتاج اليها لقطع سلك من معدن مساحة مقطعة العرضي 

 ملاحظة :
 .  2.6،الرصاص  37،الفضة  43،البلاتين  51،النحاس  2كغم /ملم77متانة الحديد 
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  Divisibility.قابلية الانشطار أو الانقسام 4
وهي قابلية المعدن على نزع اجزاء منه بطريق القص تحت تأثير الاحمال العالية كما هو الحال في عمليات ازالة 

 الرايش المختلفة (الخراطة ،التفريز ،القشط ). 
  Hardnessالصلادة .5

 فيه  وهذه الخاصية ضرورية للآلات القاطعة .وهي مقاومة المعدن لاختراق الاجسام الاخرى 
 يوضح استخدام الخصائص الميكانيكية والفيزيائية في عمليات تحويل المعادن الى الاغراضس/ارسم مخطط 

 المطلوبة ؟
 ج/
 
 
 
 
 
 
 

 
 

  
 
 

 عمليات السباكة          عمليات اللحام          عمليات التشكيل      عمليات التشغيل                                     
 

  
 
 
 
 
 
 

 
 
 

 )مخطط يوضح العلاقة بين الخواص الفيزياوية والميكانيكية وعمليات التصنيع المختلفة (

 Mechanical Testesالاختبارات الميكانيكية .2
 وما اهم هذه الاختبارات ؟س/ما الغرض من اجراء الاختبارات الميكانيكية للمواد المعدنية ؟

 طرق التصنيع 
 (تشكيل المعادن الى الشكل المطلوب )

 تحويل داخلي 
 (الخواص الفيزياوية والكيميائية )

 تحويل خارجي 
 (التشكيل الميكانيكي )

 استخلاص المعادن

 تصفية النفط 

 المعاملات الحرارية 

 الانشطار اللدونة الانصهار الميوعة

انسياب المعدن 
 المنصهر

التصاق المعادن 
 ازالة  المطيلية  المنصهرة

 السباكة الرملية

السباكة 
بالقوالب الدائمة 

السباكة بالطرد 
 المركزي 

 اللحام بالغاز

 اللحام بالكهرباء

 لحام النقطة

 لحام المونة

 الحدادة

 الدرفلة

 البثق

 السحب

 البرادة

 الخراطة

 التفريز

 الثقب

 التجليخ الكبس لحام الاركون

داخ خاريل يل

هاال نةلان شطالل

مم
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 ج/
 لمعرفة خواص المواد المطلوب تصنيعها او انتاجها . لتحديد قيم عددية تعبر عن الخواص الميكانيكية الاساسية 

 الميكانيكية هي :الاختبارات اهم 
 Tension Test.اختبار الشد 1
 س/ما الغرض من اجراء اختبار الشد ؟

 . للمعادن )Elasticity(والمرونة )  Plasticity( لدونةيجرى اختبار الشد لتحديد خواص المتانة وال ج/
 ) ؟Plasticity.اللدونة Elasticity (2).المرونة (1س/ ما المقصود بـ  

 ج/
   Elasticity.المرونة 1

  (دون حدوث تشويه )هي قدرة المعدن على استعادة شكله عند ازالة التحميل المسبب لتغير الشكل .
  Plasticityاللدونة .2

هي قدرة المعدن على تغيير شكله وأبعاده تحت تأثير القوى الخارجية دون أن يتحطم مع احتفاظه بشكله الجديد بعد 
 دائمي ) (وجود تشويهازالة التحميل .  

 
 ملاحظة :

وتجهز لهذا الغرض عينات نمطية ذات ،اختبارا سكونيا من حيث طريقة التحميل وعلاقة الحمل بالزمن الشد  يعتبر
كما مبين في الشكل ادناه والذي يبين عينات الشد وطريقة وضعها بين فكي ماكنة الشد الخاصة  شكل وابعاد قياسية

 .التي تؤثر عليها بقوى شد متزايدة 

 
 (شكل يوضح عينات الشد وطريقة وضعها على ماكينة الشد )

 ملاحظة :
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عملية الشد   باستمرارللنموذج و)   AO) والمساحة الاصلية (  LOقبل بدء الفحص يتم تثبيت الطول الاصلي (
وخلال الفحص  ) F( .مقدار قوة الشد 3) A( .مساحة مقطع العينة2 ) L( .طول العينة1تقاس الكميات الاتية :

ويتم تسجيل الحمل والتغير )fractures() وفي النهاية يتعرض للكسر necksالنموذج ويتعنق (stretches)ينمط (
 وكما مبين في الشكل ادناه . ) strain) والانفعال ( Stressفي الطول لرسم العلاقة بين الاجهاد (

 
 والانفعال لنموذج يتم فحصه بطريقة الشد)(الشكل يبين العلاقة بين الاجهاد 

 استنتاجات اختبار الشد  
 : )  Youngs Modulus) او(معامل يونج  Modulus of elasticity ) Eمعامل المرونة .1

St
re

ss
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sy = Fy / Ao        
 حيث :

 Fy) الحمل عند نقطة الخضوعy) ويقاس بـ (N. ( 
 )  tensile strength )TSلشد امقاومة  .3

وهي تساوي الحمل الاقصى للشد الذي تعرضت له العينة مقسومة على المساحة الاصلية للمقطع المستعرض 
 :ويحسب وفق العلاقة 

TS =  

 حيث:
 ) .Nاقصى حمل يمكن ان يتحمله المعدن قبل ان ينكسر ويقاس بـ ( 

 ملاحظة :
 يمكن الحصول عليها من اختبار الشد بالقيم المجدولة ادناهقيم اجهاد الخضوع و مقاومة الشد التي يمكن مقارنة 

 .لتحديد الاختيار الملائم للمعدن المطلوب 

 

  Modulus of Resilience.معامل الرجوعية (الارتداد ) 4
 Elasticويساوي مقدار الطاقة المخزونة في وحدة الحجوم الناتجة من اجهاد المعدن حتى حد المرونة (

Limit : اي المساحة تحت منحني الاجهاد والانفعال حتى حد المرونة ويحسب وفق العلاقة ( 

Modulus of Resilience =  

 Modulus of Toughness ( T ).معامل المتانة 5
ويساوي الشغل المبذول من وحدة الحجوم من المعدن حتى كسر المعدن تحت الحمل الساكن ،أي يساوي المساحة 

 وفق العلاقة :ويحسب الكلية تحت منحني الاجهاد والانفعال 

T=  

 ملاحظة :
 تحديد:يمكن  الشد من اختبار

 المبينة ادناه: ةللمعادن المختلفة على وفق العلاق elongation)  (ELالاستطالة  نسبة .1

alsarh
Rectangle

alsarh
Typewriter
Lec- 9- Physical and Mechanical Properties of Metals        first year                                                                       Dr.sattar A. Mutlag 2021 principle of manufacturing processes 



 الفصل الثاني 
 )الفيزياوية والميكانيكية واختباراتها(الخواص 

  لعزاوي  فارس ا .عبدأمدرس المادة /    المرحلة الاولى/  قسم الهندسة الميكانيكية /كلية الهندسة      Іعمليات تصنيع 
 
 

8 
 

 
 على وفق العلاقة :area reduction (ARنسبة التخفيض في المساحة ( .2

 
 ملاحظة :

للاستطالة والتخفيض في الجدول ادناه  النموذجيةقيم التقارن النتائج التي يمكن الحصول من العلاقات اعلاه ب
 لتحديد الاختيار الملائم للمعدن المطلوب :

 
 ملاحظة :

اختبار الشد نجد اختلاف المعادن في سلوكها تحت تأثير حمل الشد الاستاتيكي المحوري تبعا اعتمادا على نتائج 
 لطبيعة تلك المواد فمنها ما يكون :

:وهي المعادن التي يمتاز منحني الاجهاد والانفعال لها بوجود منطقة  ) Ductile Metalsمعادن مطيلية (.1
) ومنطقة بين المنطقتين هي تسمى بمنطقة الخضوع  Plastic zone) ومنطقة لدونة ( Elastic zoneمرونة ( 

)Yield zone ) وكذلك بتكون الرقبة او العنق،(Neck  (. 
:وهي المعادن التي يمتاز منحني الاجهاد والانفعال لها  ) Semi Ductile Metalsمعادن نصف مطيلية (.2

بوجود منطقة مرونة ومنطقة لدونة ولكن دون وجود منطقة خضوع مميزة بين المنطقتين ،كما يحدث لها تشوه 
 متوسط ،وكذلك تمتاز بتكون رقبة اقل وضوحا.

:هي التي لا يوجد لها منطقة خضوع ولا يوجد لها علاقة تناسب بين  ) Brittle Metalsمعادن قصفة ( .3
الاجهاد والانفعال ،فالمنحني منذ بدايته عبارة عن خط مائل وليس خطا مستقيما ويحدث به تشوه صغير جدا 

قابل مقارنة بالمواد الاخرى ،كما لا يتكون فيها رقبة ،اذ ان المعادن القصفة لا تتحمل قوى الشد لكنها في الم
 تتحمل قوى الضغط بشكل اكبر .

مثل  %100) يزيد فيها الانفعال المرن عن نسبة  Super Plastic. يوجد بعض المواد تكون عالية اللدونة (4
 المطاط وبعض المواد البلاستيكية.  

 د                                  . امثلة رياضية محلولة حول اختبار الش                                 
 : 1مثال 

هو مقدار نقطة الكسر  ،ما 3140kgكان اقصى حمل تحملته هو  10mmعند اختبار عينة من الصلب قطرها 
 للمادة عند الشد ؟
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 الحل /
AO =  

                                            =78.5mm2  
 عند الحمل الاقصى الذي يتحمله المعدن :نقطة الكسر عند الشد تحصل 

 

TS =  

  40kg/mm2                                                   = 
 : 2مثال 

وبعد الاختبار كان  50mmهو مقدار الاستطالة النسبية اذا كان الطول الحسابي للعينة قبل الاختبار هو  ما
 ؟ الحل / 60mmطوله 

×100 Elongation% =  

                                                  =  20% 
  ةأسئلة للمراجع

يراد استخدامه لرفع حاويات ،اوجد اقصى حمل يمكن للسلك رفعة   m 10وطولة  cm 1سلك من معدن قطره .1
 . 100GPa) للسلك تساوي  E؟ علما بأن ( 3cmدون ان تزيد قيمة استطالته عن 

 ارسم منحني (مثالي ) الاجهاد والانفعال لاختبار شد وبين عليه جميع المعلومات المفيدة ..2
 Resilienceالرجوعية . Ductility  2المطيلية .1باستخدام الرسم عرف :.3
 10mmتم اجراء اختبار الشد لها حتى كسرت فكانت استطالتها النهائية  50mm.عينة من الصلب طولها 4

 ب مطيلية العينة ؟أحس
.أجر اختبار شد على قطعة اختبار قياسية متناسبة طويلة من الصلب الطري المعالج حراريا ذات قطر دائري 5

8mm : أجهاد 2.معامل يونك1و كان منحني الحمل و الاستطالة هو الموضح في الرسم المرفق ، احسب الاتي.
.معامل 7.الرجوعية6.أجهاد الكسر5القصوى .مقاومة الشد4.أجهاد الخضوع الادنى3الخضوع الاعلى

 .معامل المتانة.9.المتانة8الرجوعية

  
 )Impact Test (اختبار مقاومة الصدمات  والتقصف .اختبار المتانة2

 وما هي الخصائص الممكن تحديدها منه ؟س /ما الغرض من اجراء اختبار المتانة ؟   
 ج/

 :  الغرض من الاختبار
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 .معرفة قابلية المادة على مقاومة الانكسار عند تعرضها للصدمات تحت ظروف التشغيل .1
 .بيان تأثير تواجد الشروخ في العينات المختبرة على مقاومتها والتي تسبب ضعفا في تحمل الصدم.2
 بيان تأثير المعاملات الحرارية على المعادن وتوضيح مدى قصافتها . .3

 ملاحظة :
انواع من اختبارات الصدم القياسية مثل شاربي وايزود وستارت وستانتون ،ويعد اختبار شاربي هناك عدة 

)Charpy  وايزود(Izod)  هما الاختباران الاساسيان في اختبار الصدم ،ويجرى هذان الاختباران بوساطة(
سمى بدقاق شاربي اجهزة خاصة ،وهذه الاجهزة اما ان تكون من النوع الذي يسمى بدقاق ايزود او الذي ي

 لاحظ الشكل ادناه والذي يمثل جهاز فحص الصدم . 
 

 
 )جهاز فحص الصدم(

 جراء اختبار الصدم بطريقة اختبار أيزود وشاربي خطوات أ
 
 أشكال العينات القياسية اختيار .1
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The cutting action of the twist drill is complex. The rotation and feeding of the drill bit result in 
relative motion between the cutting edges and the workpiece to form the chips. The cutting speed 
along each cutting edge varies as a function of the distance from the axis of rotation.  
 Chip removal can be a problem in drilling. 

  
Because of chip removal and heat, a twist drill is normally limited to a hole depth of about 
four times its diameter. Twist drills are normally made of high-speed steel. 
The geometry of the drill is fabricated before heat treatment, Grinding is used to sharpen the cutting 
edges and shape the drill point. 

Although twist drills are the most common hole-making tools, other drill types are also available. 
Straight-flute drills operate like twist drills except that the flutes for chip removal are straight along 
the length of the tool rather than spiraled. The simpler design of the straight-flute drill permits 
carbide tips to be used as the cutting edges, either as brazed or indexable inserts. 

Figure 3 illustrates the straight-flute indexable-insert drill. The cemented carbide inserts allow 
higher cutting speeds and greater production rates than HSS twist drills. However, the inserts limit 
how small the drills can be made. Thus, the diameter range of commercially available indexable- 
insert drills runs from about 16 mm to about 127 mm. 
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OPERATIONS RELATED TO DRILLING 
Several operations related to drilling are illustrated in Figure 5 and described in this section. Most of the 
operations follow drilling; a hole must be made first by drilling, and then the hole is modified by one of the 
other operations. Centering and spot facing are exceptions to this rule. All of the operations use rotating 
tools. 

 

(a) Reaming. Reaming is used to slightly enlarge a hole, to provide a better tolerance on its diameter, and to 
improve its surface finish. The tool is called a reamer, and it usually has straight flutes. 
(b) Tapping. This operation is performed by a tap and is used to provide internal screw threads on an 
existing hole. 
(c) Counterboring.  Counterboring provides a stepped hole, in which a larger diameter follows a smaller 
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diameter partially into the hole. A counterbored hole is used to seat a bolt head into a hole so the head does 
not protrude above the surface. 
(d) Countersinking. This is similar to counterboring, except that the step in the hole is cone-shaped for fl at 
head screws and bolts. 
(e) Centering. Also called center drilling, this operation drills a starting hole to accurately establish its 
location for subsequent drilling. The tool is called a center drill. 
(f) Spot facing. Spot facing is similar to milling. It is used to provide a flat machined surface on the work 
part in a localized area. 
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https://www.youtube.com/watch?v=uQPCdwegXzc&t=696s 

https://www.youtube.com/watch?v=wIOdOkse0Cw 

https://www.youtube.com/watch?v=aeOaAZRwpfY 

 

https://www.youtube.com/watch?v=uQPCdwegXzc&t=696s
https://www.youtube.com/watch?v=wIOdOkse0Cw
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Machining Tools 
 

 

 

 

 

 

 

 

 

 

Cutting Conditions  

Relative motion is required between the tool and work to perform a machining operation. 

The primary motion is accomplished at a certain cutting speed v. In addition, the tool must be 

moved laterally across the work. This is a much slower motion, called the feed f. The 

remaining dimension of the cut is the penetration of the 

Cutting tool below the original work surface, called the depth of cut d. collectively, speed, 

feed, and depth of cut are called the cutting conditions. They form the three dimensions of 

the machining process, and for certain operations (e.g., most single-point tool operations) 

they can be used to calculate the material removal rate for the process: 

 

CUTT

ING 

CONDITIONS IN TURNING 
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Lathe is the father of all machine tools. Lathe removes unwanted material from apiece of work to 

give it the required shape and size. The workpiece is rotated at the desired speed and the tool 

removes the metal in the form of chips. 

 

 

The cutting tool may be fed in any direction relative to the work. If the tool moves parallel to the axis of 

rotation of the work a cylindrical surface is produced. And if the tool moves in a direction perpendicular to 

the axis of the lathe a flat surface is produced. Conical and curved surfaces can be produced on a lathe too. 

Lathe operations: 

Before studying the various operations, we must study the cutting speed, feed and depth of cut: 

CUTTING CONDITIONS IN TURNING 

The rotational speed in turning is related to the desired cutting speed at the surface of the cylindrical 

workpiece by the equation 

 

Where N = rotational speed, rev/min; v = cutting speed, m/min (ft/min); and 

Do = original diameter of the part, m. 

The turning operation reduces the diameter of the work from its original diameter Do to a 

final diameter Df, as determined by the depth of cut d: 

Df =Do - 2d 

The feed in turning is generally expressed in mm/rev. This feed can be converted to a linear 

travel rate in mm/min by the formula 

fr= N f 
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Where fr = feed rate, mm/min; and f = feed, mm/rev. 

There are three types of feed: 

1- Longitudinal feed. Tool moves parallel to the axis of lathe. 

2- Cross feed. Tool moves normal to the lathe axis. 

3- Angular feed. Tool moves at an angle to the lathe axis. 

The time to machine from one end of a cylindrical work part to the other is 

given by      Tm=L/fr 

Where Tm = machining time, min; and L = length of the cylindrical workpart, mm. A more direct 

computation of the machining time is provided by the following equation: 

 
Where Do = work diameter, mm ; L =work part length, mm ; f = feed, mm/rev ; and v = cutting speed, 

mm/min . As a practical matter, a small distance is usually added to the work part length at the beginning 

and end of the piece to allow for approach and overtravel of the tool. Thus, the duration of the feed motion 

past the work will be longer than Tm. The volumetric rate of material removal can be most conveniently 

determined by the following equation: 

  

Where MRR = material removal rate, mm3/min . In using this equation, the units for f are expressed simply 

as mm, in effect neglecting the rotational character of turning. Also, care must be exercised to ensure that the 

units for speed are consistent with those for f and d. Example: A turning operation is performed on a 

cylindrical work part whose diameter = 120 mm and length = 450 mm. Cutting speed = 2.0 m/s, feed =0.25 

mm/rev, and depth of cut =2.2 mm. Determine (a) cutting time and (b) material removal rate. 
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OPERATIONS RELATED TO TURNING 

A variety of other machining operations can be performed on a lathe in addition to turning; these include the 

following, illustrated in Figure : 

(a) Facing. The tool is fed radially into the rotating work on one end to create a flat surface on the end. 

  

 

a b c 

(b) Taper turning. Instead of feeding the tool parallel to the axis of rotation of the work, the tool is fed at an 

angle, thus creating a tapered cylinder or conical shape. 
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(c) Contour turning. Instead of feeding the tool along a straight line parallel to the 

axis of rotation as in turning, the tool follows a contour that is other than straight, 

thus creating a contoured form in the turned part. 

(d) Form turning. In this operation, sometimes called forming, the tool has a shape that is imparted to the 

work by plunging the tool radially into the work. 

 
 

 

d e f 

 

(e) Chamfering. The cutting edge of the tool is used to cut an angle on the corner of the cylinder, forming a 

―chamfer.‖ 

(f) Cutoff. The tool is fed radially into the rotating work at some location along its length to cut off the end of 

the part. This operation is sometimes referred to as parting. 

(g) Threading. A pointed tool is fed linearly across the outside surface of the rotating work part in a direction 

parallel to the axis of rotation at a large effective feed rate, thus creating threads in the cylinder. 

(h) Boring. A single-point tool is fed linearly, parallel to the axis of rotation, on the inside diameter of an 

existing hole in the part. 

(i) Drilling. Drilling can be performed on a lathe by feeding the drill into the rotating work along its axis. 

Reaming can be performed in a similar way. 

  

 

g h i 
(j) Knurling. This is not a machining operation because it does not involve cutting of material. Instead, it is a 

metal forming operation used to produce a regular cross-hatched pattern in the work surface.  

Taper Turning 
• Taper - Uniform change in diameter along the length of work piece 
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• Taper turning - Operation of producing conical surface on cylindrical work piece 

• Taper specified by conicity (K) – ratio of difference in diameters of taper to its length: 

K=(D-d)/L 

Taper Turning - Methods 

• Form tool method 

• Tail stock method 

• Compound rest method 

• Taper turning attachment method 

Conicity: D – Large diameter of taper,  d – Small diameter of taper,  L – Length of taper α - Half taper angle 
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Milling process 
Milling is a machining operation in which a work part is fed past a rotating cylindrical tool with multiple 

cutting edges, (In rare cases, a tool with one cutting edge, called a fly-cutter, is used). The axis of rotation of 

the cutting tool is perpendicular to the direction of feed. 

This orientation between the tool axis and the feed direction is one of the features that distinguishes milling 

from drilling. In drilling, the cutting tool is fed in a direction parallel to its axis of rotation. 

The cutting tool in milling is called a milling cutter and the cutting edges are called teeth. The conventional 

machine tool that performs this operation is a milling machine. The geometric form created by milling is a 

plane surface. Other work geometries can be created either by means of the cutter path or the cutter shape. 

Owing to the variety of shapes possible and its high production rates, milling is one of the most versatile and 

widely used machining operations. 
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Milling is an interrupted cutting operation; the teeth of the milling cutter enter and exit the work 

during each revolution. This interrupted cutting action subjects the teeth to a cycle of impact force 

and thermal shock on every rotation. The tool material and cutter geometry must be designed to 

withstand these conditions. 

TYPES OF MILLING OPERATIONS 

There are two basic types of milling operations, shown in Figure 1: (a) peripheral milling and (b) 

face milling. Most milling operations create geometry by generating the shape. 

Peripheral Milling In peripheral milling, also called plain milling, the axis of the tool is parallel to 

the surface being machined, and the operation is performed by cutting edges on the outside 

periphery of the cutter. Several types of peripheral milling are shown in Figure 2: 

(a) slab milling, the basic form of peripheral milling in which. 
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The cutter width extends beyond the workpiece on both sides; (b) slotting, also called slot milling, in 

which the width of the cutter is less than the workpiece width, creating a slot in the work—when the 

cutter is very thin, this operation can be used to mill narrow slots or cut a work part in two, called 

saw milling; (c) side milling, in which the cutter machines the side of the workpiece; (d) straddle 

milling, the same as side milling, only cutting takes place on both sides of the work; and (e) form 

milling, in which the milling teeth have a special profi le that determines the shape of the slot that is 

cut in the work. 

In peripheral milling, the direction of cutter rotation distinguishes two forms of milling: up milling 

and down milling, illustrated in Figure 3. In up milling, also called conventional milling, the 

direction of motion of the cutter teeth is opposite the feed direction when the teeth cut into the work. 

It is milling ―against the feed.‖ In down milling, also called climb milling, the direction of cutter 

motion is the same as the feed direction when the teeth cut the work. 

It is milling ―with the feed.‖ The relative geometries of these two forms of milling result in 

differences in their cutting actions. In up milling, the chip formed by each cutter tooth starts out very 

thin and increases in thickness during the sweep of the cutter. In down milling, each chip starts out 

thick and reduces in thickness throughout the cut. The length of a chip in down milling is less than 

in up milling (the difference is exaggerated in the figure). 

This means that the cutter is engaged in the work for less time per volume of material cut, and this 

tends to increase tool life in down milling. The cutting force direction is tangential to the periphery 

of the cutter for the teeth that are engaged in the work. In up milling, this has a 

tendency to lift the work part as the cutter teeth exit the material. In down milling, this cutter force 

direction is downward, tending to hold the work against the milling machine table. 

Face Milling In face milling, the axis of the cutter is perpendicular to the surface being milled, and 

machining is performed by cutting edges on both the end and outside periphery of the cutter. As in 

peripheral milling, various forms of face milling exist, several of which are shown in Figure 4: (a) 

conventional face milling, in which the diameter of the cutter is greater than the work part width, 

so the cutter overhangs the work on both sides; (b) partial face milling, where the cutter overhangs 

the work on only one side; (c) end milling, in which the cutter diameter is less than the work width, 

so a slot is cut into the part; (d) profile milling, a form of end milling in which the outside periphery 

of a flat part is cut; (e) pocket milling, another form of end milling used 



Lec-7- Metal Machining       principle of manufacturing processes               first year                         Dr.sattar A. Mutlag 2021 

 

 
 

12 

 

To mill shallow pockets into flat parts; and (f) surface contouring, in which a ball-nose cutter (rather 
than square-end cutter) is fed back and forth across the work along a curvilinear path at close 
intervals to create a three-dimensional surface form. The same basic cutter control is required to 
machine the contours of mold and die cavities, in which case the operation is called die sinking. 
CUTTING CONDITIONS IN MILLING 
The cutting speed is determined at the outside diameter of a milling cutter. This can be converted to 
spindle rotation speed using a formula that should now be familiar: 

N= V/ D…………………………………………..(1) 

The feed f in milling is usually given as a feed per cutter tooth; called the chip load, it represents the 
size of the chip formed by each cutting edge. This can be converted to feed rate by taking into 
account the spindle speed and the number of teeth on the cutter as follows: 

fr =N nt f …………………………………………...(2) 

Where fr= feed rate, mm/min; N = spindle speed, rev/min; nt= number of teeth on the cutter; and f = 
chip load in mm/tooth.  

Material removal rate in milling is determined using the product of the cross sectional area of the cut 
and the feed rate. Accordingly, if a slab-milling operation is cutting a workpiece with width w at a 
depth d, the material removal rate is 

MRR = w d fr …………………………………………. (3) 

 This neglects the initial entry of the cutter before full engagement. Equation (3) can be applied to 
end milling, side milling, face milling, and other milling operations, making the proper adjustments 
in the computation of crosssectional area of cut. 
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Figure 5: Slab (peripheral) milling showing entry of cutter into the workpiece 

The time required to mill a workpiece of length L must account for the approach distance required to 
fully engage the cutter. First, consider the case of slab milling, Figure 5. To determine the time to 
perform a slab milling operation, the approach distance A to reach full cutter depth is given by 

A  √d(D  d) ……………………………………………. (4) 
Where d = depth of cut, mm; and D = diameter of the milling cutter, mm. 
The time Tm in which the cutter is engaged milling the workpiece is  

Tm=(L+A)/fr……………………………………….……. (5) 
For face milling, consider the two possible cases pictured in Figure 6. The first case is when the 
cutter is centered over a rectangular workpiece as in Figure 6(a). 

The cutter feeds from right to left across the workpiece. In order for the cutter to reach the full width 
of the work, it must travel an approach distance given by 

A  0.5(D  √D 2  w2 ) ……………………………………. (6) 
Where D = cutter diameter, mm and w = width of the workpiece, mm. If D = w, then Equation (6) 
reduces to A = 0.5D. And if D < w, then a slot is cut into the work and A = 0.5D. 
The second case is when the cutter is offset to one side of the work, as in Figure 6 (b). In this case, 
the approach distance is given by 

A  √w(D  w) .............................................................. (7) 
Where w = width of the cut, mm. In either case, the machining time is given by 

Tm=(L+A)/fr……………………………………….. (8) 
 
It should be emphasized in all of these milling scenarios that Tm represents the time the cutter teeth 
are engaged in the work, making chips. Overtravel distances are usually added at the beginning and 
end of each cut to allow access to the work for loading and unloading. Thus the actual duration of 
the cutter feed motion is likely to be greater than Tm. 
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Example: A peripheral milling operation is performed on a rectangular workpiece that is 320 mm 
long by 60 mm wide by 56 mm thick. The 65-mmdiameter milling cutter has 4 teeth, is 80 mm long, 
and overhangs the work on either side by 10 mm. The operation reduces the thickness of the piece to 
50 mm. Cutting speed = 0.50 m/s and chip load = 0.24 mm/tooth. Determine (a) machining time and 
(b) metal removal rate once the cutter reaches full depth. 
Solution: (a) 

 

MILLING MACHINES 

Milling machines must provide a rotating spindle for the cutter and a table for fastening, positioning, 
and feeding the work part. Various machine tool designs satisfy these requirements. To begin with, 
milling machines can be classified as horizontal or vertical. A horizontal milling machine has a 
horizontal spindle, and this design is well suited for performing peripheral milling (e.g., slab 
milling, slotting, side and straddle milling) on work parts that are roughly cube shaped. A vertical 
milling machine has a vertical spindle, and this orientation is appropriate for face milling, end 
milling, surface contouring, and die-sinking on relatively flat work parts. Other than spindle 
orientation, milling machines can be classified into the following types: (1) knee-and-column, (2) 
bed type, (3) planer type, (4) tracer mills, and (5) CNC milling machines. 

CNC milling machines are milling machines in which the cutter path is controlled by 
alphanumerical data rather than a physical template. They are especially suited to profile milling, 
pocket milling, surface contouring, and die sinking operations, in which two or three axes of the 
worktable must be simultaneously controlled to achieve the required cutter path. An operator is 
normally required to change cutters as well as load and unload work parts. 
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example, rotating in steps) to effect the desired shape change. Open-die forging process is shown in the 

following Figure. 

The skill of the human operator is a factor in the success of these operations. An example of open-die 

forging in the steel industry is the shaping of a large, square cast ingot into a round cross section. Open-die 

forging operations produce rough forms, and subsequent operations are required to refine the parts to final 

geometry and dimensions 

 

Advantages and Limitations 

Advantages 

1-Simplest type of forging 

2-Dies are inexpensive 

3-Wide range of part sizes, ranging from 30-1000lbs 

4-Good strength qualities 

5-Generally good for small quantities 

 

Limitations 

1-Simple shapes only 

2-difficult to hold close tolerances 

3-machining necessary 

4-low production rate 

5-poor utilization of material 

6-high skill required 

 

Impression or Close Die Forging 

In impression-die forging, so0metimes called 

closed die forging, the die surfaces contain a 

shape or impression that is imparted to the 

work during compression, thus 

constraining metal flow to a significant degree as shown in following Figure. In this type of operation, a 

portion of the work metal flows beyond the die impression to form flash and must be trimmed off later. The 
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process is shown in the following Figure as a three step sequence. The raw work piece is shown as a 

cylindrical part similar to that used in the previous open-die operation.  

 

Advantages and Limitations 

Advantages 

1-Good utilization of material 

2-Better properties than Open Die Forgings 

3-Dies can be made of several pieces and inserts to create more advanced parts 

4-Presses can go up to 50,000 ton capacities 

5-Good dimensional accuracy 

6-High production rates 

7-Good reproducibility 

 Limitations 

1-High die cost 

2-Machining is often necessary 

3-Economical for large quantities, but not for small quantities 

 

EXTRUSION:- 
 
Extrusion is a process that forces metal or plastic to flow through a shaped opening die. The material is 

plastically deformed under the compression in the die cavity. The process can be carried out hot or cold 

depending on the ductility of the material. 

The tooling cost and setup is expensive for the extrusion process, but the actual manufactured part cost is 

inexpensive when produced in significant quantities.  

Materials that can be extrudes are aluminum, copper, steel, magnesium, and plastics. Aluminum, copper 

and plastics are most suitable for extrusion. 

 
Classification of extrusion processes:- 
 
There are several ways to classify metal extrusion processes 
 

1-  By direction • Direct / Indirect extrusion 
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2- By operating temperature • Hot / cold extrusion 

3- By equipment • Horizontal and vertical extrusion 

4- Hydrostatic Extrusion: Pressure is applied by a piston through incompressible fluid medium 

surrounding the billet 

 
 
Direct Extrusion: In this extrusion process, the heated billet is placed in the container. A ram towards the 

die pushes it. The metal is subjected to plastic deformation, slides along the walls of the container and is 

forced to flow through the 

Die opening. At the end of the 

extruding operation, a small piece 

of metal, called Butt-end scrap, 

remains in the container and cannot 

be extruded. Direct extrusion 

Process is shown in the following 

Figure 

 

Indirect Extrusion: For the production of solid part, the die is mounted on the end of a hollow ram and 

enters the container as shown in the following Figure, the outer end of container being closed by a closure 

plate. As the ram travels, the die applies pressure on the billet and the deformed metal flows through the die 

opening in the direction opposite to the ram motions and the product is extruded through the hollow ram. In 

indirect extrusion, there is practically no slip of billet with respect to the container walls. 

 

 
Cold extrusion 
Cold extrusion is the process done at 
room temperature or slightly elevated 
temperatures. This process can be 
used for most materials-subject to 
designing robust 
enough tooling that can withstand the 
stresses created by extrusion. 
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Advantages 
• No oxidation takes place. 
• Good mechanical properties due to severe cold working as long as the temperatures created are below the 
recrystallization temperature. 
• Good surface finish with the use of proper lubricants. 
 
Hot extrusion 
Hot extrusion is done at fairly high temperatures, approximately 50 to 75 % of the melting point of the 
metal. The pressures can range from 35-700 MPa (5076 - 101,525 psi). • The most commonly used extrusion 

process is the hot direct process. The cross-sectional shape of the extrusion is defined by the shape of the die. 
• Due to the high temperatures and pressures and its detrimental effect on the die life as well as other 

components, good lubrication is necessary. Oil and graphite work at lower temperatures, whereas at higher 
temperatures glass powder is used. 
 
Horizontal extrusion presses 
(15- 50 MN capacity or up to 140 MN) 
• Used for most commercial extrusion of bars and shapes 
Vertical extrusion presses 
 (3- 20 MN capacity) 

Chiefly used in the production of thin-wall tubing.  

 
Drawing of rods, wires and tubes:- 
Introduction 
• Drawing operations involve pulling metal through a die by means of a tensile force applied to the exit side 

of the die. 

• The plastic flow is caused by compression force, arising from the reaction of the metal with the die. 

• Starting materials: hot rolled stock 

(ferrous) and extruded (nonferrous). 

• Material should have high ductility 

and good tensile strength. 

*Bar wire and tube drawing are 

usually carried out at room 

temperature, except for large 

deformation, which leads to 

considerable rise in temperature 

during drawing. 

• The metal usually has a circular symmetry (but not always, depending on requirements). 
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Rod and wire drawing:- 

• Reducing the diameter through plastic deformation while the volume remains the same. 

• Same principals for drawing bars, rods, and wire but equipment is different in sizes depending on products. 
 

Wire drawing die 

Conical drawing die 
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Drawing 

Sheet metal forming to make cup-shaped, box-shaped, or other complex-curved, hollow-shaped parts  

Products: beverage cans, ammunition shells, automobile body panels  

 

 

 

 

 

 



Fig. Rolling mills 

the next pair of roll. This improves the productivity. Rolling power is directly proportional to roll 

diameter. Smaller dia rolls can therefore reduce power input. Strength of small diameter rolls are poor. 

Therefore, rolls may bend. As a result, largerdia backup rolls are used for supporting the smaller rolls. 

Four high rolling mill is one such mill. Thin sections can be rolled using smaller diameter rolls. Cluster 

mill and Sendzimir mill are used for rolling thin strips of high strength materials and foils [0.0025 mm 

thick]. The work roll in these mills may be as small as 6 mm diameter – made of tungsten carbide. 

Several rolling mills arranged in succession so as to increase productivity is called rolling stand. In 

such arrangement, anuncoiler and windup reels are used. They help in exerting back tension and front 

tension. 

types of rolling processes:- 

1. Continuous rolling 

• Use a series of rolling mill and each set is called a stand. 

• The strip will be moving at different velocities at each stage in the mill 

 

  

      The speed of each set of rolls is synchronised so that the input speed of each stand is equal to the 

output speed of preceding stand. 

        The uncoiler and windup reel not only feed the stock into the rolls and coiling up the final product 

but also provide back tension and front tension to the strip. 

 

Shaped rolling or section rolling:- 
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• A special type of cold rolling in which flat slap is progressively bent into complex shapes by passing 

it through a series of driven rolls.  

• No appreciable change in the thickness of the metal during this process. 

• Suitable for producing moulded sections such as irregular shaped channels and trim. 

Hot-rolling 

• The first hot-working operation for most steel products is done on the primary roughing mill 

(blooming, slabbing or cogging mills). 

• These mills are normally two-high reversing mills with 0.6-1.4 m diameter rolls (designated by size). 

 

• The objective is to breakdown the cast ingot into blooms or slabs for subsequent finishing into bars, 

plate or sheet. 

• In hot-rolling steel, the slabs are heated initially at 1100 -1300 oC. The temperature in the last 

finishing stand varies from 700 - 900 oC, but should be above the upper critical temperature to produce 

uniform equiaxed ferrite grains. 

 

Cold-rolling:- 

• Cold rolling is carried out under recrystallisation temperature and introduces work hardening. 

. The starting material for cold-rolled steel sheet is pickled hot-rolled breakdown coil from the 

continuous hot-strip mill. 

• Cold rolling provide products with superior surface finish (due to low temperature - no oxide scales) 

• Better dimensional tolerances compared with hot-rolled products due to less thermal expansion. 

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil



• Cold-rolled nonferrous sheet may be produced from hot-rolled strip, or in the case of certain copper 

alloys it is cold-rolled directly from the cast state. 
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Advantages of die casting:  

 Excellent dimensional accuracy (dependent on casting material, but typically 0.1 mm for 

the first 2.5 cm (0.005 inch for the first inch) and 0.02 mm for each additional centimeter 

(0.002 inch for each additional inch). 

 Smooth cast surfaces (Ra 1–2.5 micrometres or 0.04–0.10 thou rms). 

 Thinner walls can be cast as compared to sand and permanent mold casting (approximately 

0.75 mm or 0.030 in). 

 Inserts can be cast-in (such as threaded inserts, heating elements, and high strength bearing 

surfaces). 

 Reduces or eliminates secondary machining operations. 

 Rapid production rates. 

 Casting tensile strength as high as 415 megapascals (60 ksi). 

 Casting of low fluidity metals. 

 

 Centrifugal Casting: 

 

 As the name implies, the centrifugal-casting process utilizes the inertial forces caused 

by rotation to distribute the molten metal into the mold cavities. 

 First suggested in the early 1800s. 

 There are three types of centrifugal casting: True centrifugal, semi-centrifugal, and 

centrifuging casting. 
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A. True centrifugal Casting 

 In true centrifugal casting, hollow cylindrical parts (such as pipes, gun barrels, 

bushings, bearing rings, and streetlamp posts) are produced.  

 In this technique the molten metal is poured into a rotating mold. The axis of rotation is 

usually horizontal but can be vertical for short work-pieces. 

 Molds are made of steel, iron, or graphite, and may be coated with a refractory lining to 

increase mold life. 

 The mold surfaces can be shaped so that pipes with various external designs can be cast. 

 Cylindrical parts ranging from 13 mm to 3 m in diameter and 16 m long can be cast 

centrifugally, with wall thicknesses ranging from 6 mm to 125 mm. 

 Castings with good quality, dimensional accuracy, and external surface detail are 

obtained by this process. 

METAL FORMING: - 
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Metal forming includes a large group of manufacturing processes in which plastic deformation 

is used to change the shape of metal work pieces. Deformation results from these of a tool, 

usually called a die in metal forming, which applies stresses that exceed the yield strength of 

the metal. The metal therefore deforms to take a shape determined by the geometry of the die. 

Metal forming dominates the class of shaping operations. 

Metal Forming:- 

Metal forming processes can be classified into two basic categories: bulk deformation 

processes and sheet metalworking processes.. Each category includes several major classes of 

shaping operations as indicated in Figure ( 2 ) 

Large group of manufacturing processes in which plastic deformation is used to change 

the shape of metal work pieces  

•The tool, usually called a die, applies stresses that exceed yield strength of metal 

•The metal takes a shape determined by the geometry 

of the die 

 

 

 

 

 

 

FIGURE  Classification 
of metal forming operations 
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Classification of Metal forming 

 

1- Bulk Deformation Process 

1) Rolling 

2) Forging  

3) Extrusion 

4)  Drawing 

 

 

 

 

 

 

 

 

 

 

2- Sheet metal forming 

1) Bending 

2) Drawing  

3) Shearing  

4) Stamping  

 

 

 

 

 

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil

alsarh
Pencil



Lec-4-Die Casting      principle of manufacturing processes               first year                         Dr.sattar A. Mutlag 2021 

 

6 

Temperature in Metal Forming:- 

 •Any deformation operation can be accomplished with lower forces and power at 

elevated temperature 

•Three temperature ranges in metal forming: 

1- Cold working 

2- Warm working 

3- Hot working 

 

Cold Working 

 Cold working (also known as cold forming) is metal forming performed 

at room temperature or slightly above. Significant advantages of cold forming compared 

 Performed at room temperature or slightly above 

•Many cold forming processes are important mass production operations 

•Minimum or no machining usually required 

 These operations are near net shape or net shape processes 

 

Advantages of Cold Forming vs. Hot Working 
 

•Better accuracy, closer tolerances 

•Better surface finish 

•Strain hardening increases strength and hardness 

•Grain flow during deformation can cause desirable directional properties in product 

•No heating of work required 

 

Disadvantages of Cold Forming 

•Higher forces and power required 

•Surfaces of starting workpiece must be free of scale  and dirt 

•Ductility and strain hardening limit the amount of forming that can be done 
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A- In some operations, metal must be annealed to allow further deformation 

B- In other cases, metal is simply not ductile enough to be cold worked 

 

Warm Working 

Performed at temperatures above room temperature but below recrystallization temperature 

•Dividing line between cold working and warm working often expressed in terms of melting 

point: 

- 0.3Tm, where Tm = melting point (absolute temperature) for metal 

 

Advantages of Warm Working 

•Lower forces and power than in cold working 

•More intricate work geometries possible 

•Need for annealing may be reduced or eliminated 

 

Hot Working 

•Deformation at temperatures above recrystallization temperature 

•Recrystallization temperature = about one-half of  melting point on absolute scale  

A- In practice, hot working usually performed somewhat above 0.5Tm 

B- Metal continues to soften as temperature increases above 0.5Tm, enhancing advantage 

of hot working above this level .  

 

Why Hot Working 

Capability for substantial plastic deformation of the metal - far more than possible with cold 

working or warm working  

•Why? 

1- Strength coefficient is substantially less than at room temperature 

2- Strain hardening exponent is zero (theoretically) 

3- Ductility is significantly increased  
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Advantages of Hot Working vs. Cold Working 

1- Workpart shape can be significantly altered 

2- Lower forces and power required 

3- Metals that usually fracture in cold working can be hot formed 

4- Strength properties of product are generally isotropic 

5- No strengthening of part occurs from work hardening 

- Advantageous in cases when part is to be subsequently processed by cold forming 

Disadvantages of Hot Working 

•Lower dimensional accuracy 

•Higher total energy required (due to the thermal energy to heat the workpiece) 

•Work surface oxidation (scale), poorer surface finish 

•Shorter tool life 
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• Safety hazards to workers due to hot molten metals 

• Environmental problems 

Applications 

(i) This method is suitable for small and medium sized casting such as carburetor bodies, oil pump bodies, 

connecting rods, pistons etc. 

(ii) It is widely suitable for non-ferrous casting. 

 

Casing types: - 

There are many types of casting divided by equipment or die materials used  in it and the most important of 

these are: 

1. Sand Casting 

2. Die Casting 

3. Centrifugal Casting 

Casting is usually performed in a foundry.  The Foundry in the factory equipped for 

• making molds 

• melting and handling molten metal 

• performing the casting process 

• cleaning the finished casting  

Workers who perform casting are called foundry men 
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FIGURE Classification of solidification processes. 

 

 

Flask: A metal or wood frame, without fixed top or bottom, in which 

the mould is formed. Flask used in three piece moulding.  

1-Pattern: It is the replica of the final object to be made. The mould 

cavity is made with the help of  pattern.  

2-Parting line: This is the dividing line between the two moulding 

flasks that makes up the mould. 

 3-Moulding sand: Sand, which binds strongly without losing its permeability to air or gases. It is a mixture 

of silica sand, clay, and moisture in appropriate proportions.  

Flask 

Pattern 

Parting line  

Moulding sand 
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Facing sand: The small amount of carbonaceous material sprinkled on the inner surface of the 

mould cavity to give a better surface finish to the castings 

Core: A separate part of the mould, made of sand and generally baked, which is used to 

create openings and various shaped cavities in the castings.  

Pouring basin: A small funnel shaped cavity at the top of the mould into which the molten 

metal is poured.   

Sprue: The passage through which the molten metal, from the pouring basin, reaches the 

mould cavity. In many cases it controls the flow of metal into the mould.  

Runner: The channel through which the molten metal is carried from the sprue to the gate. 

Riser: A column of molten metal placed in the mould to feed the castings as it shrinks and 

solidifies. Also known as “feed head”. 

Vent: Small opening in the mould to facilitate escape of air and gases.  
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Steps in making sand castings 

The six basic steps in making sand 

castings are, 

 (i) Pattern making,  

(ii) Core making,  

(iii) the Gating System 

(iv) Melting and pouring, 

 (v) Cleaning  

Step-1. Pattern making 

Pattern:  Replica of the part to be cast and is used to prepare the mould cavity. Made of  wood or metal , 

plastic, or other material and has the shape of the part to be cast.  

*The cavity is formed by packing sand around the pattern, about half each in the cope and drag, so that when 

the pattern is removed, the remaining void has the desired shape of the cast part.  

*The pattern is usually made oversized to allow for shrinkage of the metal as it solidifies and cools. The sand 

for the mold is moist and contains a binder to maintain its shape. 

Step-2. Core making 

 Cores are placed into a mould cavity to form the interior surfaces of castings. Thus the void space is filled 

with molten metal and eventually becomes the casting. 

Step-3. Set Up the Gating System 

Most casting processes involve the use of a gating system, and sand casting is no exception. Consisting of a 

pouring cup and tunnels or “gates” to the mold, it‟s used to funnel the molten mold into the mold cavity. The 

mould cavity contains the liquid metal and it acts as a negative of the desired product.  

Step-4. Melting and Pouring The preparation of molten metal for casting is referred to simply as melting. 

The molten metal is transferred to the pouring area where the moulds are filled.  

Step-5. Cleaning :  involves removal of sand, scale, and excess metal from the casting. Burned-on sand and 

scale are removed to improved the surface appearance of the casting. Excess metal, in the form of fins, 

wires, parting line fins, and gates, is removed. Inspection of the casting for defects and general quality 

is performed. 
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Making a simple sand mould 

1)The drag flask is placed on the board  

2)Dry facing sand is sprinkled over the board  

3)Drag half of the pattern is located on the mould board. Dry facing sand will provide a non-sticky layer.  

4)Molding sand is then poured in to cover the pattern with the fingers and then the drag is filled completely  

5)Sand is then tightly packed in the drag by means of hand rammers. Peen hammers (used first close to drag 

pattern) and butt hammers (used for surface ramming) are used.  

6) The ramming must be proper i.e. it must neither be too hard or soft. Too soft ramming will generate weak 

mould and imprint of the pattern will not be good. Too hard ramming will not allow gases/air to escape and 

hence bubbles are created in casting resulting in defects called „blows‟. Moreover, the making of runners 

and gates will be difficult.  

7) After the ramming is finished, the excess sand is leveled/removed with a straight bar known as strike rod. 

https://www.youtube.com/watch?v=GIy-vl5oSvo&t=63s 

Solidification of Metals:- 

It is the transformation of molten metal back into solid state 

 Solidification differs depending on whether the metal is  

 A pure element or  

 An alloy 

 A Eutectic alloy 

 Ref cooling curve: 

- Pure metal solidifies at a constant temperature equal to its freezing point (same as melting point). 

- Local freezing time= Time from freezing begins and completed 

- Total freezing time= Time from pouring to freezing completed 
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- After freezing is completed, the solid continues to cool at a rate indicated by downward slope of 

curve 

  

 Because of the chilling action of the mold wall, a thin skin of solid metal is initially formed at interface 

immediately after pouring. 

 The skin formed initially has equi-axed, fine grained and 

randomly oriented structure. This is because of rapid cooling.  

 As freezing proceeds, the grains grow inwardly, away from heat 

flow direction, as needles or spine of solid metal. 

On further growth of spine, lateral branches are formed, and as these 

branches grow further branches are formed at right angle to the 

first branches. This type of growth is called dendritic growth. 

The dendritic grains are coarse, columnar and aligned towards the 

center of casting 

 Most alloys freeze at range of temperature rather than at a single temperature. 

 Freezing begins from liquid us temperature and completes at solidus temperature. 
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 The cooling begins in the same manner as that in pure metals; 

a thin skin is formed at the interface of mold and makes shell 

as freezing proceeds. 

 The dendrites begin to form with freezing. However, due to 

large temperature spread between solidus and liquidus, the 

earlier portion of dendritic grains extract higher % of elements 

from liquid solution than the portion of grain formed later. 

 As a result, the molten metal in the center of mold cavity 

depletes from the elements and hence forms a different structure (see Fig). 

 

Shrinkage in Solidification and Cooling 

Shrinkage occurs in 3 steps: 

 a. while cooling of metal in liquid form (liquid contraction); 

 b. during phase transformation from liquid to solid (solidification shrinkage); 

 c. while solidified metal is cooled down to room temperature (solid thermal contraction). 

 

 

 

 

 

 

 

 

 

 

 

(2) reduction in height and formation of shrinkage cavity caused by solidification shrinkage; (3) 

further reduction in height and diameter due to thermal contraction during cooling of solid metal 

(dimensional reductions are exaggerated for clarity). 

Why cavity forms at top, why not at bottom? 
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Solidification Shrinkage (Liquid –Solid transformation) 

 Occurs in nearly all metals because the solid phase has a higher density than the liquid phase  

 Thus, solidification causes a reduction in volume per unit mass of metal 

 Exception: cast iron with high C content  

 Graphitization during final stages of freezing causes expansion that counteracts volumetric 

decrease associated with phase change  

Why solidification shrinkage is negligible in Cast Irons?? 

Shrinkage Allowance 

 Patternmakers account for solidification shrinkage and thermal contraction by making mold cavity 

oversized  

 Amount by which mold is made larger relative to final casting size is called pattern shrinkage 

allowance  

 Casting dimensions are expressed linearly, so allowances are applied accordingly. 
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influence of gravity. The magnetic ore and gangue thus form two separate 

heaps. Following figure shows the magnetic separation method 

 

B))PELLETIZATION: Iron ore pellets are spheres of typically 6–16 mm to 

be used as raw material for blast furnaces. They typically contain 67%-72% 

Fe and various additional material adjusting the chemical composition and 

the metallurgic properties of the pellets.[1]  Typically limestone, dolostone 

and olivine is added and  Bentonite is used as binder. 
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 Three thermodynamically stable species of Iron oxides: 

 Hematite: Fe2O3 

 Magnetite: Fe3O4 

Two different process routes are available for the production of steel 

products, namely the blast furnace with oxygen steelmaking and the 

electric arc steelmaking route. The routes differ with respect to the type of 

products that can be made, as well as the raw materials used. The blast 

furnace–oxygen steelmaking route mainly produces flat products, while 

electric arc steelmaking is more focused on long products. The former uses 

coke and coal as the main reductant sources and sinter, pellets and lump ore 

as the iron–bearing component, while the latter uses electric energy to melt 

scrap. The current trend is for electric arc furnaces to be capable of also 

producing flat products. Nevertheless, the blast furnace–oxygen steelmaking 

route remains the primary source for worldwide steel production, as shown 

in Figure 
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Blast furnace 

A blast furnace is a type of metallurgical furnace used for smelting to produce 

industrial metals and its alloys, generally iron,  

In a blast furnace fuel (coke), ores, 

and flux (limestone) are continuously supplied 

through the top of the furnace, while a hot blast 

of air (sometimes with oxygen enrichment) is 

blown into the lower section of the furnace 

through a series of pipes. so that the chemical 

reactions take place throughout the furnace as 

the material falls downward. The end products 

are usually molten  metal and slag phases tapped 

from the bottom, and flue gases exiting from the 

top of the furnace. 

 Iron ore, limestone(CaCO3) and coke are 

delivered to the top of the blast furnace, 

where the temperature is around 800C. 

 The lime stone burns at 800C yielding calcium oxide(CaO) and Carbon 

Dioxide(CO2). 

CaCO3 → CaO + CO2 

 The Calcium oxide causes impurities 

which are present with the ore to fall as a 

precipitate near to the bottom producing a 

layer of “slag”. 

fuel (coke), ores, 

and flux 

(limestone) flue 

gases 

exiting 

air (sometimes 

with oxygen 

enrichment) 

slag phases 

molten  metal 

https://en.wikipedia.org/wiki/Metallurgy
https://en.wikipedia.org/wiki/Furnace
https://en.wikipedia.org/wiki/Smelting
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Coke_(fuel)
https://en.wikipedia.org/wiki/Ores
https://en.wikipedia.org/wiki/Air
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Blast_furnace#Process_engineering_and_chemistry
https://en.wikipedia.org/wiki/Blast_furnace#Process_engineering_and_chemistry
https://en.wikipedia.org/wiki/Flue_gas
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 Each Carbon monoxide molecule is capable of binding a single oxygen so 3 

are used to completely remove all oxygen from the iron oxide. 

 Fe2O3  + 3 CO → 2Fe(s) + 3 CO2 

 The molten iron sinks to the bottom lowest level of the furnace, where it can 

be tapped off. 

 The iron produced by this process is called pig iron and is 95% pure 

 

 

 

 

 

 Production of iron from it’s ore uses Carbon monoxide to reduce Iron oxide to 

iron atoms. 

1.Lime burns  

CaCO3 → CaO + CO2 

2. CO2 reduced by coke to CO 

CO2 + C →  2 CO 

3. Iron oxide reduced by CO 

Fe2O3 + 3CO → 2Fe + 3CO2 
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What is manufacturing? 

 

 

Why do you need to take this course? 

 A knowledge of the basic manufacturing processes is essential for a successful engineer in today’s 

global marketplace 

 A company must produce products in an optimal way to compete in today’s global marketplace 

Types or steps of Manufacturing Processes 
1- Extraction of metals and materials. 
2- casting. 
3- deformation.  
4- machining.  
5- welding and joining. 
6- heat treatment. 
7- surface finishing. 
 

Automation 
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MANUFACTURING DEFINED 
As a field of study in the modern context, manufacturing can be defined two ways, one technologic 
and the other economic. Technologically, manufacturing is the application of physical and chemical 
processes to alter the geometry, properties, and/or appearance of a given starting material to make 
parts or products; manufacturing also includes assembly of multiple parts to make products. The 
processes to accomplish manufacturing involve a combination of machinery, tools, power, and labor, 
as depicted in Figure 1.1(a). 
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 Economically, manufacturing is the transformation of materials into items of greater value by means of one or 
more processing and/or assembly operations, as depicted in Figure 1.1(b). The key point is that manufacturing 
adds value to the material by changing its shape or properties, or by combining it with other materials that have 

been similarly altered. MANUFACTURING 
Most engineering materials can be classified into one of three basic categories: 
(1) metals,  (2) ceramics, and  (3) polymers.  
Their chemistries are different, their mechanical and physical properties are different, and these differences 
affect the manufacturing processes that can be used to produce products from them. In addition to the three 
basic categories, there are (4) composites—nonhomogeneous mixtures of the other three basic types rather than 
a unique category. The classification of the four groups is pictured in Figure below.  

 

مصدر 8راجع ص   fundamentals-of-

modern-manufacturing-4th-edition-by-

mikell-p-groover  
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METALS 
Metals used in manufacturing are usually alloys, Metals and alloys can be divided into two basic groups: 

(1) ferrous and (2) nonferrous. 

 Ferrous metals are based on iron; the group includes steel and cast iron. when alloyed with carbon, 

iron has more uses and greater commercial value than any other metal.  

Alloys of iron and carbon form steel and cast iron. Steel can be defined as an iron–carbon alloy containing 

0.02%to 2.11% carbon.  Applications of steel include construction (bridges, I-beams, and nails), 

transportation (trucks, rails, and rolling stock for railroads), and consumer products automobiles and 

appliances). Cast iron is an alloy of iron and carbon (2% to 4%) used in casting (primarily sand casting). 

CERAMICS 

 A ceramic is defined as a compound containing metallic (or semimetallic) and nonmetallic elements. 

Typical nonmetallic elements are oxygen, nitrogen, and carbon.  

POLYMERS 

 A polymer is a compound formed of repeating structural units called mers, whose atoms share electrons 

to form very large molecules. COMPOSITES 

COMPOSITES 

 they are mixtures of the other three types. A composite is a material consisting of two or more phases 

that are processed separately and then bonded together to achieve properties superior to those of its 

constituents.  Properties of a composite depend on its components,  Some composites combine high 

strength with light weight and are suited to applications such as aircraft components, car bodies. 

MANUFACTURING PROCESSES 

A manufacturing process is a designed procedure that results in physical and/or chemical changes to a 

starting work material with the intention of increasing the value of that material. 

A manufacturing process is usually carried out as a unit operation , which means that it is a single step in 

the sequence of steps required to transform the starting material into a final product.  

Manufacturing operations can be divided into two basic types: (1) processing operations and (2) 

assembly operations.   It adds value by changing the geometry, properties, or appearance of the starting 

material. In general, processing operations are performed on discrete workparts,  (e.g., painting a spot-

welded car body).  

An assembly operation joins two or more components to create a new entity, called an assembly, 

subassembly, to the joining process (e.g., a welded assembly is called a weldment). A classification of 

manufacturing processes is presented in Figure blew. 
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Shaping Processes Most shape processing operations apply heat, mechanical force, or a combination 
of these to effect a change in geometry of the work material. There are  four categories:  
(1) solidification processes, in which the starting material is a heated liquid solidifies to form the part 
geometry;  
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(2) particulate processing, in which the starting material is a powder, and the powders are formed and 
heated into the desired geometry; 

 
(3) deformation processes, in which the starting material is a ductile solid (commonly metal) that is 
deformed to shape the part; and 

 
 (4) material removal processes, in which the starting material is a solid (ductile or brittle), from 
which material is removed so that the resulting part has the desired geometry. 
 The most important processes in this category are machining operations such as turning, drilling, and 
milling, shown in Figure below. These cutting operations are most commonly applied to solid metals, 
performed using cutting tools that are harder and stronger than the work metal. Grinding is another 
common process in this category. Other material removal processes are known as nontraditional 
processes because they use lasers, electron beams, chemical erosion, electric discharges, and 
electrochemical energy to remove material rather than cutting or grinding tools. 
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5) Surface Processing Surface processing operations include (1) cleaning, (2) surface treatments, and     

(3) coating and thin film deposition processes.    

ASSEMBLY OPERATIONS 

The second basic type of manufacturing operation is assembly, in which two or more separate parts are joined 

to form a new entity. Components of the new entity are connected either permanently or semi permanently. 

Permanent joining processes include welding, brazing, soldering, and adhesive  bonding. They form a 

joint between components that cannot be easily disconnected. Certain mechanical assembly methods are 

available to fasten two (or more) parts together in a joint that can be conveniently disassembled. The use of 

screws, bolts, and other threaded fasteners are important traditional methods in this category. 

 

PRODUCTION MACHINES AND TOOLING 

Manufacturing operations are accomplished using machinery and tooling (and people). Machine tools are 

among the most versatile of all production machines, the machine tool is the mother of all machinery. 

Other production machines include presses for stamping operations, forge hammers for forging, rolling mills 

for rolling sheet metal, welding machines for welding, and insertion machines for inserting electronic 

components into printed circuit boards. The name of the equipment usually follows from the name of the 

process. 

Production machinery usually requires tooling that customizes the equipment for the particular part or product. 

 
PRODUCTION FACILITIES  

Different types of facilities are required for each of the three ranges of annual production quantities. 
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Low-Quantity Production In the low-quantity range (1–100 units/year), the term job shop is often used to 

describe the type of production facility. This type of layout is referred to as a fixed-position layout, shown in 

Figure 1.9(a). The individual components of these large products are often made in factories in which the 

equipment is arranged according to function or type. This arrangement is called a process layout. The lathes 

are in one department, the milling machines are in another department, and so on, as in Figure 1.9(b).  

Medium Quantity Production In the medium-quantity range (100–10,000 units annually), two different types of 

facility are distinguished, depending on product variety. When product  variety is hard, the usual approach is 

batch production, in which a batch of one product is made.  that is, the cell specializes in the production of a 

given set of similar parts, according to the principles of group technology . The layout is called a cellular layout, 

depicted in Figure 1.9(c). 

 High Production The high-quantity range (10,000 to millions of units per year) is referred to as mass 

production. The situation is characterized by a high demand rate for the product, and the manufacturing system 

is dedicated to the production of that single item. Two categories of mass production can be distinguished: 

quantity production and flow line production. Quantity production involves the mass production of single parts 

on single pieces of equipment. 

MANUFACTURING SUPPORT SYSTEMS: To operate its facilities efficiently, a company must organize 

itself to design the processes and equipment, plan and control the production orders, and satisfy product quality 

requirements.  Manufacturing support functions are often carried out in t the following: 

Manufacturing engineering.  This department is also involved in designing and ordering the machine tools 

and other equipment used by the operating departments to accomplish processing and assembly. 

Production planning and control. This department is responsible for solving the logistics problem in 

manufacturing ordering materials and purchased parts, scheduling production, and making sure that the 

operating departments have the necessary capacity to meet the production schedules. 

Quality control. Producing high-quality products should be a top priority of any manufacturing firm in today’s 

competitive environment. 

 

 
 
 
 
 
 
 
 
 


