ENGR 240 - Exam 2 Name: SToLK

Spring 2001

Point values are in brackets. 100 points total.

1. Refer to the attached stress-strain diagrams for samples of four different materials: A, B, C, and
D (Figure 1). The end of each curve indicates the fracture point.

a. Which material has the lowest elastic modulus, and what is its value? [3]

SAMPLE B E = 9z ‘w"’ = 25 X(Oq Pp = 2.5 GFoac
= 0.06

b. Which material has the greatest toughness, and how can you tell? [3]

SAMPLE ¢ — GREATEST AREA UNDER THE JT-€ CcuR\wE

c. Which material would exhibit the highest Brinell hardness number? [2]

SAMpe A

d. Which material can be plastically deformed the most (most ductile)? [2]
SAMPLE C

e. After the conclusion of the tests, if the broken halves of each sample were fitted back
together, which sample would be the shortest? Assume that all four samples had the same

initial length. [2]

SAMPLE D — AL ELASTIL DEFURMATION, 50 X{,:L
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Problem 1 (continued) —

f. A circular rod is to be produced, 15 cm long with a diameter of 5.0 mm. This rod must be

able to support an applied tensile stress of 230 MPa without plastically deforming.

i. List all the materials (A, B, C and/or D) that would be appropriate. [3]

A, C, AND D

i. If a rod(s) was produced from the material (or materials) listed in part i, which would

experience the least amount of total elongation while under the 230 MPa stress? [3]

A (WaHesT Elpsmic Mopuws)

iii. For the material chosen in part ii, determine the amount of total elongation in the rod
while under the 230 MPa stress. [3]

é-‘-%‘i > A= elo
° (0:02)(15em) = 0.30 cm

W

iv. For the material chosen in part ii, what applied tensile force would cause the rod to
break? [3]

Crs = 320MPa = ,':_ S F= A, (320MP)

\

RLD 7
Z Ao (310 HPa.)

\)

__2— (0-005 m)1 (320 MP)

£ 2 6.3 kN

//’—_,——;_—————-—“
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2. Refer to the attached cadmium-antimony (Cd-Sb) phase diagram (Figure 2) to answer the
following questions.

a. What is the melting temperature of antimony? [2]
°
6b20-TC
b. What is the solubility of antimony in cadmium at 275 “C? [2]

O wtl, S N Cd M 275°¢C

c. A Cd-Sb alloy containing 90 wt% Sb is cooled slowly from a temperature of 650 °C.

i.  What is the composition of the first solid to form? [3]

Cy 2 oo woSh

i. At approximately what temperature wil the alloy contain equal amounts of liquid and
solid? [3]

K50°C

d. A different Cd-Sb alloy, containing 20 wt% Sb, is slowly cooled from 450 °C to room

temperature, at which point it consists of two solid phases, & and B (you may assume that the
microstructure and phase compositions at room temperature are identical to those that exist
just below the material’s eutectic temperature).

i. What is the eutectic temperature for this alloy? [2]

2.90°C



ENGR 240 - Exam 2 Page 4 of 12

Problem 2 (continued) —

i. In the boxes below, sketch the microstructures for this alloy (20 wt% Sb) at the specified
temperatures. [ 10]

* Label all phases in your sketches (include designations of “primary” and “eutectic” where
appropriate).
Indicate compositions for all phases in your sketches.

T =325°C Pl foet

O (&) 02521

D | C‘i':, lg‘Ios‘o

og‘% N
) 0)),,&‘
1;/1010

T = room temperature ~, Ll'OJlO %

\,?J \‘M’Wb f

N Mkckzc o
ii. At room temperature, what are the relative amounts (each) of total & and total B in the

alloy? [6]
CE—Co 52- 20
= = l -
Waora & Cp-Ca 52-0 0.615 = 157

Co- (o Jo-o
W = = z = = - 3857
THTAL B Ch-Cu 520 0.%%5 202/

iv. What proportion of the sample at room temperature consists of eutectic (¢ [3]

Weunzrie o = \/\/Tprm,oL = bl.57,

(No PwmaRy o()
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3. Molybdenum and tungsten form a binary isomorahous system, as shown below.

Mo-W Molybdenum-Tungsten

Atomic Percentage Tungsten

3;80 ¢ 20 30 40 s en 7o an T
soc0r | | '
- |
HH00F : l
3000 : :
s ? s
5200F } /’/, /
2800 — Anii B e
2623.\; ”::/
2600 =] |
10 20 30 40 50 60 70 80 30 W
DT. H. Weight Percentage Tungsten

a. Name two similarities that must exist between Mo and W for them to exhibit this type of
phase diagram. [3]

o SAME STRUCTURE

s SIMILAR. ATOMIC RADL

- SIMILAR. ELETTRONEGATIVITY
. SIMILAR VALENCE

b. On the axes below, sketch the expected effect of composition on the hardness of
molybdenum-tungsten alloys. [3]

Mo ¢ W > SINGLE PHASE
(60(,\0 SoLuTioN
tieoening )

Hardness

0 Composition, wt.% W 100
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4. What type of indentation hardness test would be best suited to measure the hardness of the
paint layer on the hood of a 1984 Chevy Camaro? [2] ;
a . Brinell
b. Rockwell

c . Vickers
d. Knoop microhardness

5. Which of the following pictures indicates a preferred slip system for tungsten (bcc structure)? [3]

SR S

AY
\

\
\

6. The microstructures of three steel specimens of the exact same composition are shown below. All
micrographs were taken at the same magnification.

a. Which specimen would have the highest strength? [2]

b. Explain your answer for part (a). [4]

SAMPE ¢ BAS THE SMAUEST GRMus 50 THerE ARE ™MbRE
GRMAN  BoulDARLES To STOP DISWOcATION MoTION =

) 6CLP 5 MBRE DIFPLULT ¢ HAZDIVESS AND STRENGTH PiE
WHabesT | STRewgmk 'S QWEN BY HAMLPETCH ETUATION

Q"\&:Oﬁo + k//_]”?— / d:él%u S\
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7. Sterling silver has a composition of 925 wt% Ag and 7.5 wt.% Cu. Sterling silver is often
strengthened using age hardening, or precipitation hardening. Assume that you begin with a
sample that has been slow cooled from the liquid region down to room temperature, and answer
the following questions about precipitation hardening in the alloy.

Composition (at% Ag)

0 20 40 GO 80 100
1200 v 2200
A 12000
1000 Liquid 4 1800
| F
a+ L 1600
52 800 779°C{Ty) E
o 1400 ¢
3 2
I i
g z
§ ‘ 1200 &
= 600 2
-4 1000
8GO
400
. ~§ 600
2004 20 40 60 &0 N (50400
{Cu) Composition (wt% Ag) v {Ag)

a. List the three stages of the precipitation hardening heat treatment. [3]
I Sowoniz & &

2 . QueNtHg
3. AaiN g

b. Use the Ag-Cu phase diagram shown above to specify a temperature at which each stage of
the precipitation hardening heat treatment could take place for the sterling silver alloy. [3]

. ARouT 7T 80°C
o, Boom TP, (25°¢) 0B < 200°C
3. 300-600°C

c. In the box below, sketch a picture of the Ag-Cu alloy after the first stage of the precipitation
heat treatment. Label the phase or phases in your microstructure. [3]

SinG\e PHASE SoLip
SoLUTLON (P)
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8. For each of the following, circle the material that will have the lower recrystallization
temperature:

a. 30% cold-worked stainless steel OR(60% cold-worked stainless steel [3]

b. Stainless steel (T, = 1500 °C) OB cartridge brass (Tm = 1000 °C). [3]

9. The molybdenum-rhenium phase diagram is shown below. Circle the peritectoid reaction on the
phase diagram. [2]

Mo-Re Molybdenum-Rhenium

o Atomic Percentage Rhenium
C 10 20 30 40 50 60 70
3200 g T —

1

5600F |-

3000

5200F

2800F L

Y

4800F | 2623 °

2600 FE=SEr—=——o— a0l 72525

48Q0F

“
-
—
— - . /::—
8 T ——— 66 -—
—— o

r 53.5 2444 68

2400
4200F | i

2200
3800F | {Mo) o {Re)

2000 ¢

i 1
3400F / 25 Lo 94

1800 F—— ;

32C0F +

1600

2800F I\ J X
1400 F \ 7

2400F } \ /

1200 f Hs2e Ty

- 43
2000F | [
1000 L ‘
Mo 10 20 30 40 50 60 70 80 30 _ Re
A G. K Weight Percentage Rhenium
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10. Shown below is a graph of the effects of annealing temperature on the mechanical properties of
brass. Assume the brass has a composition of 75 wt.% copper and 25 wt.% Zn.

Annealing temperature (°F)
400 600 800 . 1000 1200

o0 | I |

\
i
'
{

50

500

40

Ductility (%EL)

400 30

Tensile strength (MPa)

— 20
] |

l
300 | | |
100 200 300 400 500 600 700

Annealing temperature (°C)

a. Which curve, A or B, shows the changes in ductility during annealing? [3]

curve B

b. Several brass micrographs are shown below. Match each picture with the corresponding
point (1, 2, 3, or 4) on the graph. [4]

p;
3

éxg%ﬁ. ‘é‘e-
ol 5%

PPnt 1 on the graph
P(;C;ﬂt 2 on the graph
Ptﬁnt 3 on the graph

Pck‘nt 4 on the graph
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¢c. The phase diagram for Cu-Zn is shown below. Is precipitation hardening a possible
strengthening mechanism in the 75% Cu, 25% Zn brass alloy (YES or NO)? Why or why not?

(4]
Composition (at% Zn}
0 20 40 60 80 100
1200 | T f T | I | 2200
= {2000
a+ L Liquid
1000 }—
— 1800
B+L
— 1600
800 fi—
e y
£ + —{1400
’ :
E o a
g +
€ B
5 g b4 5+L —1200
600 - + At
5 o ] 1000
. v L
- - - e
400 {1- g ve € 800
a ' 7 n
+ +
g ¥
1 €+ 600
i t
! 1 ] 1 i
200 i ) H !
1 ] I | HLY 3l 1t 11 ' 0
0 20 40 60 80 100
{Cu) Composition (wt% Zn) (Zn)
N ‘
O \ITS A S\NA4le Solap PHASE [ Sp NO

PreC PITATES WILL Poean |

perature {°F)

£
@
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Sample A Sample B
350 350
300 300 4
5 250 5 250 1
a a
£ 200 £ 200+
g 150 g 150 +
& 100 S 1004
50 ’ 50 +
04—ttt a st 4+ 0 . 0 + : :
0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3
Strain Strain
Sample C Sample D
350 350
300 + 300 4
T 250 5250 1
a o
< 200+ < 200t
% 150 ¢ § 150 1
g g
& 100 + @ 100 +
50 + 50 4
0 e e 0 { 1 }
0 0.1 02 0.3 04 0 0.1 0.2 03
Strain Strain

Figure 1. Stress-strain diagrams for Problem 1.
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Cd-Sb Cadmium-Antimony

Atomic Percentage Antimony

C 10 20 30 40 50 60 70 80 90
650 r r - - : ; -
630.74’

1150F | i
600
1050 F /

550 L
I000F F /

500 £

450 F >
/ 58.9 445°

800 F } /
400

700F |- / ...78 —Y 3

3p1.108”
600 F |F

%%

250
Cd 10 20 30 40 50 60 70 80 90 Sb

D.T.H. Weight Percentage Antimony

75 290°

Figure 2. Phase diagram for Problem 2.




