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WORKBOOK 
รายวิชา 1302 212 วัสดุวิศวกรรม (ENGINEERING MATERIALS)

ภาคการศึกษา 1/2552
อาจารย์ประจำวิชา ผู้ช่วยศาสตรจารย์ ดร. สุขอังคณา ลี
ผู้ช่วยศาสตรจารย์ สุริยา โชคสวัสดิ์
 ชื่อ สกุล.....................................................................รหัส..........................................
กลุ่มเรียน.....................................เลขที่ .............................

วันเดือนปี ที่ส่ง..............................................
(กำหนดส่ง  ภายในวันที่ 31 สิงหาคม 2552)
บทที่ 1 การแบ่งกลุ่มวัสดุและการใช้งาน
1. ถ้าเราแบ่งวัสดุตามการจัดเรียงตัวของอะตอม และ พันธะ จะสามารถแบ่งได้กี่กลุ่มหลัก อะไรบ้าง และจงอธิบาย ที่ไม่คุณสมบัติทั่วไปของวัสดุแต่ละกลุ่ม
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
2. ในการผลิตไขควง ให้นักศึกษาวิเคราะห์ว่า เพราะเหตุใด ปลายไขควงจึงผลิตด้วยเหล็กกล้า และ หุ้มด้วยพลาสติกบริเวณที่จับ 
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
บทที่ 2 โครงสร้างของแข็งและจุดบกพร่องผลึก
1. จงเขียน atomic configuration ในแต่ละระดับชั้นพลังงาน และวาดแสดง atom structure ของ แมกนีเซียม ที่มีเลขอะตอม 12 
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................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
2. จงเขียน atomic configuration ของ โซเดียม (Na) เลขอะตอม 11 และ คลอรีน (Cl) เลขอะตอม 17 และพันธะระหว่างธาตุทั้งสองในการเกิดเป็นผลึก NaCl คือพันธะอะไร 
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
3. เหล็กเหนียวมีจุดหลอมเหลว 1530 (C ในขณะที่ เชือกพลาสติด มีจุดหลอมเหลวเพียง 100 (C เป็นเพราะเหตุใด จงอธิบายโดยใช้หลักการของพลังงานพันธะที่เกิดในวัสดุทั้งสอง
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
4. .............................................................................................................................................................................................................................................................................................................................
5. จงแสดงความสัมพันธ์  (3a=4R สำหรับ BCC structure
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........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
6. จงคำนวณ the lattice constant (a) ของเหล็กที่มีโครงสร้างผลึกแบบ BCC  กำหนด รัศมีอะตอมของธาตุเหล็ก R= 0.124 nm ณ อุณหภูมิ 20 (C 
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
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จงแสดงว่าค่า atomic packing factor ของผลึก FCC เท่ากับ 0.74
....................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
8. Copper มีโครงสร้างผลึกแบบ  FCC structure, รัศมีอะตอมมีค่าเท่ากับ 0.1278 nm, จงคำนวณ the volume of its unit cell ในหน่วย m3 
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
9. Lead มีโครงสร้างผลึกแบบ FCC structure, รัศมีอะตอมมีค่าเท่ากับ 0.175 nm.  จงคำนวณ ปริมาตรอะตอมตะกั่วใน a unit cell 
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
10. Nickel มีมีโครงสร้างผลึกแบบ FCC structure, รัศมีอะตอมมีค่าเท่ากับ 0.124 nm.  จงคำนวณ the volume of its unit cell ในหน่วย m3 และเมื่อ กำหนดค่า the atomic mass number เท่ากับ 58.69 และ เลขอะโวกาโดร์ เท่ากับ 6.023 x 1026 kmol-1 จงคำนวณความหนาแน่นของนิกเกิล 
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
11. จงคำนวณหาจำนวนอะตอมใน 1 unit cell ของ HCP crystal structure พร้อมวาดรูปประกอบ 
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
12. Cobalt มีโครงสร้างผลึกแบบ HCP structure, รัศมีอะตอมมีค่าเท่ากับ 0.1253 nm มีค่าสัดส่วน c/a ratio เท่ากับ 1.623, จงคำนวณปริมาตรของ unit cell ของ Cobalt
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
13. จงวาดแสดง ระนาบ [111] และทิศทาง (110) ของผลึก FCC 
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บทที่ 3 สมบัติทางกลและการทดสอบ
1. นักศึกษา IE2 ทำการทดลองดึงชิ้นทดสอบทรงกระบอกที่มีเส้นผ่าศูนย์กลาง 7.5 mm ยาว 50 mm ได้ผลการทดสอบดังตารางนี้ จงคำนวณ Stress และ Strain ของทุกจุดในตาราง จากนั้นให้พลอตกราฟ Stress และ Strain และ คำนวณ ค่า Young’s Modulus ของชิ้นทดสอบ (กำหนด g = 9.81 m/s2)

	Extensions (mm)
	Force N
	strain
	Stress (N/mm2)

	0
	0
	
	

	0.006
	500
	
	

	0.012
	1000
	
	

	0.018
	1500
	
	

	0.024
	2000
	
	

	0.030
	2500
	
	

	0.036
	3000
	
	

	0.042
	3500
	
	

	0.048
	4000
	
	

	0.060
	4500
	
	

	0.082
	5000
	
	

	0.118
	5500
	
	

	0.180
	6000
	
	

	0.290
	6500
	
	

	0.475
	7000
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The Young’s Modulus 
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
2. นักศึกษา EE2 ทำการทดลอง Tensile test ของเหล็กชนิดหนึ่ง ชิ้นงานเป็นรูปทรงกระบอกตามมาตรฐาน มอก. มีเส้นผ่าศูนย์กลาง 11 mm และมีความยาว gauge length 55 mm ผลการทดลองพบว่าที่ yield point อ่านค่าได้ 18 kN และ maximum load เท่ากับ 20 kN หลังจากชิ้นงานหักจากกันความยาว gauge length ใหม่วัดได้ 70 mm จงคำนวณ 

1) %Elongation 
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
2) Ultimate tensile stress (ความต้านแรงดึงสูงสุด)
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
3) Yield stress 
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
3. A cylindrical specimen of stainless steel with a diameter of 12.8 mm and a gauge length of 50.8 mm is pulled in tension. Stress-strain curve of this specimen is shown in Figures 1 and 2. [image: image4.emf]0
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Figure 1 Stress-strain curve of a stainless steel

Calculate 
1) The Young’s modulus 
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
2) The yield stress at strain = 0.002 (use the magnified curve in Figure 2) The maximum load (kg) that the specimen can be sustained  
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Figure 2 Stress-strain curve of a stainless steel ขยายช่วง 0-0.007 ของ Figure 1
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
3) Gauge length หลังจากชิ้นงานขาดจากกัน 
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
    บทที่ 4 กลไกการเพิ่มความแข็งแรงให้กับโลหะ
1. อธิบายหลักการของการเพิ่มความแข็งแรงของวัสดุโลหะ
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
2. อธิบายการเพิ่มขึ้นของความเค้นของการทำ strain hardening 
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
3. อธิบายหลักการของการเพิ่มความแข็งแรงโดย precipitation hardening
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
4. ................................................................................................................................................................
5. อธิบายเปรียบเทียบโลหะบริสุทธิ์ และโลหะผสม ว่าโลหะชนิดใดจะมีความแข็งแรงมากกว่ากัน เพราะเหตุใด
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
6. ................................................................................................................................................................
7. อธิบายประสิทธิภาพของขนาดอะตอมโลหะผสมในการเพิ่มความแข็งแรงให้โลหะ
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
8. ชิ้นงานเหล็กกล้าที่มีขนาดเส้นผ่าศูนย์กลางของเกรนเฉลี่ย (d) เท่ากับ 0.01 mm มีค่า yield stress ((y) ได้เท่ากับ 230 MPa, ชิ้นงานเหล็กกล้าชนิดเดียวกันแต่ขนาดเส้นผ่าศูนย์กลางของเกรนเฉลี่ยลดลงเป็น 0.006 mm วัดค่า (y ได้เพิ่มขึ้นเป็น 275 MPa, ถ้านักศึกษานำเหล็กชนิดเดียวกันแต่ขนาดเกรนเล็กลงโดยมีค่า d เท่ากับ 0.00435 mm จะได้ค่า (y เท่ากับเท่าไร ((y = (0 +kyd-1/2)
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
9. ................................................................................................................................................................
10. ด้านหนึ่งของแผ่นโลหะเหล็กกล้าถูกปกคลุมด้วยบรรยากาศที่มีความหนาแน่นของอะตอมคาร์บอนสูง  ส่วนปลายอีกข้างหนึ่งปกคลุมด้วยบรรยากาศที่ไม่มีอะตอมคาร์บอน แผ่นเหล็กมีอุณหภูมิ 700 °C ถ้าการแพร่เป็นแบบสถานะคงตัว จงคำนวน  อัตราการถ่ายเทอะตอม หรือ Flux  ของอะตอมคาร์บอนในแผ่นเหล็ก 
กำหนด 
ความหนาแน่นของคาร์บอนใต้ผิวเหล็กที่ระยะลึก 5 mm เท่ากับ 1.5 kg/m3


ความหนาแน่นของคาร์บอนใต้ผิวเหล็กที่ระยะลึก10 mm เท่ากับ 0.7 kg/m3


A diffusion coefficient ที่ 700 °C = 3.2 ( 10-11 m2/s

................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
11. ในกระบวนการอบชุบเหล็กด้วยคาร์บอน ที่อุณหภูมิ 950 °C โดยมีความเข้มข้นของคาร์บอนเท่ากับ 0.25%โดยน้ำหนัก ถ้าที่ผิวของเหล็กมีความเข้มข้นของคาร์บอนเท่ากับ 1.20%โดยน้ำหนัก เราจะใช้เวลาเท่าใดในการอบเพื่อให้ใต้ผิวของเหล็กลึก 0.5 mm มีความเข้มข้นของคาร์บอนเป็น 0.8%โดยน้ำหนัก 
กำหนด A diffusion coefficient ที่ 950 °C = 1.6 ( 10-11 m2/s

ตารางค่า Error function
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................................................................................................................................................................
................................................................................................................................................................
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................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
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................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
บทที่ 9 กระบวนการขึ้นรูป
1. อธิบายเปรียบเทียบ ข้อดี และข้อเสียของการขึ้นรูป
	การขึ้นรูป
	ข้อดี
	ข้อเสีย

	แบบเย็น

	
	

	แบบร้อน
	
	


2. อธิบายอิทธิพลของการแปรรูปแบบเย็น และแบบร้อนต่อโครงสร้างจุลภาค
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
3. จงคำนวนเปอร์เซนต์การรีดเย็นของอะลูมิเนียมแผ่นจากความหนา 0.120 นิ้ว ไปเป็น 0.04 นิ้ว
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................ ................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
4. แผ่นทองแดงผสมถูกรีดเย็นลดขนาดลง 20% เพื่อที่จะให้ได้ความหนา  3.00 มิลลิเมตร จากนั้น ถูกรีดซ้ำอีกครั้งเหลือความหนา 2 มิลลิเมตร จงหาเปอร์เซนต์การรีดเย็นของแผ่นทองแดงผสมทั้งหมด
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
5. ................................................................................................................................................................
6. จงหาเปอร์เซนต์ของการลดลงของพื้นที่หน้าตัด ของการรีดลวดจากเส้นผ่าศูนย์กลาง 1.25 มิลลิเมตร เหลือเพียง 0.81 มิลลิเมตร
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................ 
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
บทที่ 10 โลหะผสมและการเย็นตัว
1. จงนิยามความหมายของศัพท์ทางเทคนิคต่อไปนี้ 
· Nucleation
................................................................................................................................................................
................................................................................................................................................................
· dendritic 
................................................................................................................................................................
................................................................................................................................................................
· cooling curve
................................................................................................................................................................
................................................................................................................................................................
· alloys
................................................................................................................................................................
................................................................................................................................................................
· Solid solution
................................................................................................................................................................
................................................................................................................................................................
· Liquid solution
................................................................................................................................................................
................................................................................................................................................................
· Phase
................................................................................................................................................................
................................................................................................................................................................
·  intermetallic compound
................................................................................................................................................................
................................................................................................................................................................
2. จงอธิบายอิทธิพลของ อัตราการเย็นตัวต่อรูปร่าง และขนาดของเกรน
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................ ................................................................................................................................................................
................................................................................................................................................................
3. เราสามารถทำให้เกรนของโลหะเล็กลงได้โดยวิธีใดบ้าง จงอธิบาย 
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
4. ................................................................................................................................................................
5. จงอธิบายถึงปัจจัยที่มีผลต่อความสามารถในการละลายเข้าด้วยกันได้เป็น solid solution  ของ Hume-Rothery รวมทั้งยกตัวอย่างประกอบ
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
6. ................................................................................................................................................................
7. การละลายของอะตอมธาตุผสมในโลหะพื้นฐานจะมีกี่ลักษณะ อะไรบ้าง 
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
8. จากตารางต่อไปนี้จงใช้หลักเกณฑ์จากข้อ 5 วิเคราะห์ว่าโลหะชนิดใดสามารถละลายเข้าด้วยกันได้แบบ complete solid solubility 
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บทที่ 11 เฟสไดอะแกรม
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1) เฟสหมายเลข  1  คือ________________, เฟสหมายเลข  2  คือ________________ และเฟสหมายเลข  3  คือ________________ 
2) Liquidus lines ได้แก่ ______________________________________
3) Solidus lines ได้แก่______________________________________

4) Solvus lines ได้แก่______________________________________

5) อะตอมธาตุ A มีความสามารถในการละลายใน (-Solid solution มากที่สุด เท่ากับ________wt%  ที่อุณหภูมิ___________°C

6) อะตอมธาตุ B มีความสามารถในการละลายใน (-Solid solution มากที่สุด เท่ากับ________wt% ที่อุณหภูมิ___________°C
7) จุดหลอมเหลวของธาตุ A เท่ากับ ________°C, จุดหลอมเหลวของธาตุ B เท่ากับ _________°C
8) จากเฟสไดอะแกรมของ A-B จงเขียนปฏิกิริยา Eutectic จากกราฟจุด Eutectic คือจุดใด และ Eutectic temperature เท่ากับเท่าใด
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
9) ................................................................................................................................................................
10) คำนวณเปอร์เซนต์เฟส Liquid และ ( ของ Alloy ก (90%A -10%B) ที่จุด a (1300 (C)
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
...............................................................................................................................................................
11) คำนวณเปอร์เซนต์เฟส Liquid และ ( ของ Alloy ข (40%A -60%B) ที่จุด b (1500 (C)
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................ ................................................................................................................................................................
................................................................................................................................................................
12) คำนวณเปอร์เซนต์เฟส Liquid และ ( ของ Alloy ค (10%A -90%B) ที่จุด c (2,000 °C)
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	0.2%C เหล็กกล้าคาร์บอนต่ำ                    
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	0.4%C เหล็กกล้าคาร์บอนปานกลาง                     
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	0.6%C เหล็กกล้าคาร์บอนสูง
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