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1.1 wasavdianaaaulunislansingn
o - = & T o a s =
winsdaflflunsnegatlumalansine iy duiduindrydmiumsanuniuin
TaneAnenlusuagaamnssuiluatnegs lnsawicluriiumadanldiss (Materials) atnamanzans
] z LY e o 3 - [
ninatamanzaENuuABInAEdays (Data) NIRINTLIUNINAFALAINNTINITULUAN 9 afildu
mainganpilagnidunadeadans, maslafimad madludidnein Wlsliined nmsmedauAa
wWauusne 9 wanasasfisadnsallunisanadaulanaiaanianelansing, (Microstructure

Examination) LUusiu

d
3UWN 1.1 Electron Microscope (SEM)
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1.2 nmsinauugiilagnisdainadasian:

s = & z - " =
unsingamgilaenisdanagand (Color) wadlavsuudiadithiinislumnlszuin

. = i a - & ar =
ANYDIE UAHNDENWENETY iﬂﬂﬂ'ﬁﬁ\'.ll.ﬂﬁ'lﬂﬁﬂﬂd'ﬂud’m'uu § AIATINN 1.1

o
A15700 1.1 UFAIF (Color) vavlans

Faint Red 510
Dark Red 615
Dark Cherry 630
Cherry Red 697
Bright Cherry 793
Dark Orange 8290
Orange 945
Yellow g72

1.3 wastuditaas

- .« J =] ar 3 -
mailufivas (Thermometer) 1uiesasdaflilunvinaamagilumalansinen Taed

- w~ ay ' ° el el ol = & v “
Fapnuaanstlunsingamgilasindy 510 'C ldafiden medlufiwaimunsamieanlsiiu 4

a o
AUAPIU

= ar w . = - 4w ° ar
1. Y¥fiRNABAIMNAIUNIY (Resistance) (HutAsasiiafildnanniavineulasande

- o a8 P =1 g oA =3 g L L7 = .
pnadumuliirasRnii (Conductor) Insaxiawniageruliafiaumgiigeulifeuums Inanns
Ineniimen (Lead) avindiumasd (Coil) ursgldatlulunaaniaanuln Inadpoaduadlans (Metal)

-l a s o w o - i woE A &
SnrtianilanyimminniduAnaRIunIY (Resistance) s AFNBNAN (Temperature) LU NBILAY

- a - r-3 i =4 - - g =1 3
(Cu) + wan@uy (Pt) + Anifia (Ni) waz/m3anasuss (Cu) + ditfia (Ni) AlElaaluminaumall sening

65°C 4 257 C
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(a) Telescope
n Y
” —=—=== Knob moves contacts
Flam;ﬁt':::l'rrrenl A gmd P, Simultaneously Filament too dark
rheostat N
Lamp )%H'
Temperature scale|  /
f AAMA / Filament too bright
8 o AWWA— AW ’ /
! Gav _ Phe—==L_pe
Knob moves potentiometer
e &‘f contact P, only-is pressed
%;r'tm on o closs swith S Filament correct
(b) Circuit Diagram (c) Filament Appearance
=
sun 1.2
L'

-
sUN 1.3
-
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Spiral Painter
expansion element

—

Filled bulb ? ol

P
Jun 1.4

=

-
51N 1.5
u

2. ¥finaIABNIsPEI8RIgadlany (Metal Expansion) liannislunisyinoulaenis
aenesrealansiuay 2 Wy mTsAanseneslusasduilivirduradanansgasuringu
oud Tasvhmsdawuaiasirmiddiadiud  dussedaufillmuanauumirindidaldsu
ANSaY TanARNMTIENEsTesamIaTiTanlansiuies dausnnaslssyananinfanan
(Ni Alloy) Imammmi’mqmmﬁlﬁsﬁuﬁ -75°C i1 532°C

3. wiina1FEn1TPENEMINI8YB0MaT (Liquid Expansion) laguaaman (Liquid) 7
fanihanussaldlunszs laun

3.1 uaanpaea (-78°C f3 70°C)
3.2 WaiA (-20°C fi9 510°C)
33 mslaleds  (-6°C fa.2027C)
3.4 WUy (30°C @19 165°C)

4. wiimanAousesuvaslavwiauna (Gas Expansion) Wuipdasilafildinlas
anfenannsTagpaiy (Pressure) Tasufiadlaldsuanaiau sxliinanmgildnius —125°C &
420°c laudufalulasiou (N) Wusu

1.4 wasluaiaaasn lulsiinas

Hudasdefl¥ingangilasaifewasuanaaieu  Wandeuundomiliin
fhuffesldlunugaamnssumannd (Steel), Tansinen (Metallurgy) duatnis weiiamiw
auniatun1singungilsita 1,650°C 1aefilfen
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Jtljﬂngtclb?n Beads ’(Ceramic protection
Leads 5 =
\ i — - G e
@—< Cold junction H [uncﬁbh
. o —— o ' — - ‘

S

(=]

\
Thermocouple Figure 3-28

J oo =3 -
3N 1.6 adludidnadn Inlslinas

daudsznavzaanasludidanasnlulsiivmas dsiae

1. Indicating W38 Recordor 1#ingamgiuaziufinAngamn il

2. Lead Expansion lnann1suenesazasmsna (Pb)

3. Junction Box THingaumaiitrsuanaaim

4. Thermocouple linanmingumaiifiviunanlavs (Metal) uaslansuay (Alloy) 7
duriafiuansenusanly

Indicator
o= g
4 \
e tr \
] 1
L) ¥
N /
P -
Thermocouple Extension leads
. 2
a a'
.
b b
Hot junction Cold End Junctive

o .
3UN 1.7 usminsvieeey Thermocouple

Platinum - Platinum Rhodium couple, used up to 3000 F., but not recommended for
constant temperatures over 2800 F.

Alumel - Chromel couple, not over 2200 F.

Iron - Constantan couple, not over 1400 F.

Copper - Constantan couple, up to 700°F.
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Assembled Thermo-Couple

pzd 11 TE(Q)

Fire Clay
Insulators

C5=

Connector Block

M Bare Thermo-Couple Elements

ﬂlw 1.8 uamTeazdunvaunaiivaianaialnlziimas

J o
5N 1.2 inadlvAtiia

Materjals Temp., F
Chromel-alumel 325-2200
Copper-constantan 325-800
iron-constantan 325-1400
Platinum-platinum rhodium 32-2880

'Constantan is 55 percent Cu, 45 percent Ni.

uunuaa':annmmmn.ﬂu Thermocouple (Thermocouple- Mater:ais} Taenian
']ﬂﬂ 2 ﬁumﬂuu‘iamaaﬂw'ﬂﬁ (V) AusnsnsfuthantiaUanensaasdsaeiu st

1. Iron - Constantan 3=lsznauluse Cu = 54%, Ni = 46% 'lmﬂammnulamum
145°C a1 750°C fHesllglalunn 9 ussennIA (Atmospheres)

2. Chromel - Alumel 3zUsznaulusig Ni ==90%, Cr = 10% 'mmju Chromel Wz
Ni = 94%, Mn = 8% , Al = 2% Waz Si = 1% iy Aumel fealdiunall wsnddnany
aansalumsfumusanisianiauvianisidy O, 1 (Resistance to Oxidation) Tinaangile

gaus 650°C 9 1,200°C
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l'l'neﬂ 1.3 Temperature vs. Electromotive Force* Cmf In millivolts; cold junction 32 F

100
200
300
400

500
600
700
800
9200

1500
1600
1700
1800
1900

2000
2100
2200
2300

2400

2500
2600
2700
2800
2900
3000

0.0

0.221
0.595
1.017
1.474

1.956
2.458
2.977
3.506
4.046

4.598
5.156
5726
6.307
6.897

7.498

B8.110
8.732
9.365
10.008

10.662
11.323
11.989
12.857

138.325

13.991
14.656
15.319
15.979
16.637

17.292

1.52
3.82
6.09
B.31

10.57
12.86
15.18
17.53
19.88

22,26
24.63
26.98
29.32
31.65

33.93
36.19
38.43
40.62
42.78

44.91
47.00
49.50
51.06
53.01

54.92

0.0

1.94
491
7.94

11.03

14.12
17.18

20.25

23.32
26.40

29.52
36.72
36.01
39.43

42.96

46.53
50.05

1.517
3.967
6.647
9.525

12.575
16.773
19.100

o U 1 A i b e bk i

CAUNRC B -

*By permission from P.H. Dike, “Thermoelectric Thermometry,” p 82, Leeds and Northrup Company, 1954.

hiad
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3. Copper - Constantan 3:Usznaulumesnaum (Cu) Wuvan + WMan (Fe) uaz
waamile (Mn) thadindas WinanmgRlanous 250°C § 300°C uazfufidarluunueas Base-Metal
Thermocouples

4. Platinum, 10% Rhodium - Platinum 57i3nnuluuineas Noble - Metal
Thermocouple w£lfiainaindessd (Radiation) Miagamgilumsngs musdliinguvadlinus
0°C - 1,600°C Sumunenunugaamnsnlunn 9 Usaanma 9 T

1.5 NISNAFAUAINLAG
ar 8 . J L = .
tﬂum'ﬂmm'mmumuﬁam‘mJaﬂuuﬂaagﬂﬂwaﬂaﬂ: wialavzudnatien1as (Per-

ey = = - s =
manent Deformation) IﬂEILQW']:’.YlUTL’]NN'J“?E]TJE]UT]E]\'J'iﬂ.l\‘]'TU Ingansnnuunriauazlssinan
| Vv Sa
'ﬂﬂ\ﬂﬂﬁaﬂﬂﬂﬂ'ﬂﬂﬂ'ﬂuLl'i'.i\ﬂﬂﬂ\'l'liﬂﬂ

o4
M157190M 1.4 Hardness Tests

- Shape of Indentation Formula for
Test Indenter Side view Top view Load hardness number
Brinell 10-mm sphere of I*D""l P BHN = A TR
steel of tungsten it L oD - VD' - &Y
carbide
d g

136

1.72P
Vickers Diamond pyramid @ \%\} P VHN = 2-£50
= d

b
Knoop Diamond pyramid%, § p KN = hlt?,QP

microhardness
Vb=711

L

bt = 4,00
Rockwell :
A 60 kg RA =
C } Diamond cone 150 kg F{( = 100-500t
D ' @ 100 kg F{B =
1
B 1— In-diameter Ll 100 kg R =
6
F steel sphere 60 kg FiF = 130-500t
G 150 kg A =
Y . 100kg R =
E B in— diameter V O
steel sphere ——"——{_—

Source : After H.W. Hayden, W.G. Moffatt, and J. Wulff, “The Structure and Properties of Materials,” vol.ll,Wiley,
1965, p. 12.
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1. Brinell Hardness Test \fuitnislignuaanviunainmannd) Advursidusi

Audnate (Diameter) 10 mm. nAasuUTaNEATasTUIINAGaY (Specimen) Wldsaaudnuuin
w \ v y Mo o  w - - - Qv W .
fInd1  uargumlanainafivintmdnsuaiamagau wisldndas Microscope daegInny

sandniaiiausldanaedninld
Tnevaludnld Load = 3,000 kg xtmanzdmitlanssmmanman (Ferrous Metals) waz
Load = 500 kg N zdmIulanzuanngunin (Nonferrous Metals)
nnsesuildsuaniwmmanuds (HB) ldnsgas

HB = -
TiD
(— (D-V D*-d?)
2
Iatl L = Test Load, kg
D = Diameter of ball, mm.
d = Diameter of Impression , mm.

o e = .
zd“ 1.9 ATENNATEUAITNITY Brinell
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Force

(

Diameter
measured

Spherical|
Indentation

JU# 1.10 sa8nA9INKY Bal

(b)

o ol §
zﬂﬁ 1.11  Udgavansaenimnn

TYPE BHN
Ferritic (annealed) gray iron 110-140
Austenitic irons 140-160
Soft gray iron 140-180
Pearlitic irons 160-220
Pearlitic alloy iron of low alloy content 200-250
Tempered martensitic irons 260-350
Martensitic irons 350-450
White iron, unalloyed (according to

carboncontent) 280-500
Alloy white iron 450-550
Martensitic white iron 550-700
Nitrided iron (surface only) 900-1,000

mne'ﬂ 1.6 The Brinell Hardness of Iron Castings Classed by General Microstructure

=

Ry ¢ TEnE S

Y e
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" Gray

Vermiculite
graphite
Ductile

Malleable

High alloy
High alloy
High alloy.

Ferrite & pearlite
Pearlite & ferrite

" Pearlite

Fine pearlite

Max. 20% graph. in
' modular form

Annealed ferrite

Ferrite-pearlite

Normalized pearlite

Ferrite + tempered
carbon

Pearlite

Annealed ferrite

White iron

Gray iron

Ductile iron

18
25
30
40
Range
38-60

60
80
100
50/54

60/105
50

20/30
55/60

Range
28-50

55
70
32/35

32

28/30

815797 1.7 American Society for Testing and Materials® ASTM

Range
1-3

18

10/18

110

10

6/20

165

200

215

240
Range
140-270

170
220
240
(max) 155

150/320
(max) 155
450/600
100/250
120/275

“Consult the ASTM, or SAE, Standards Manual for values to be used in designs. The values are illustrative.
5, Source: SME Tool and Manufacturing Engineering Handbook, Vol. 3, 4th ed., Table 3-10, p. 3-13. By permission
' from the Society of Manufacturing Engineers.

; 91 lm Stesls
g 1000+ 87 Ic.mru;ds
. =
.. 500 4 64
51 A Easily Machined
o 2001 Cast Irons
'. 3 4 4 i
s600 34 .
§ Auminium A
4 E 50+ + Magnesium Aloys
. : .
&
f 24
| 2, g 2
: 3
104 o} T i20 10
sj- sl = 1
£ 7 1
- Hardness Values

Il."ﬂ 1.12 Hardness Values
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2. Rockwell Hardness Test ({lunimagauanuuimenisiivans wiawanasau
Wuwasgunaae (Diamond Cone) futlummasauuuuningssaum (Normal Load) a¢l¥ Load =
10 kg uadndunanasauwuuriafiee (Superficial Tester) 314 Load = 3 kg MIgufisguls
nnanafivitmirensiomagey (Rockwell Scale) UulDe %ﬁﬁﬂ’i']aﬂuqﬂnitﬁﬁdﬁuwﬂ'nm

gemantunisidoulddds Aamnse
Indenter —, FI®
Surface of ;s%
specimen O
T

(1) Indenter above
specimen surface

(2) Indenter under set
load penetrates
specimen surface

(3) Indenter is removed
from specimen surface
leaving indentation

(b)

(a)

= | - -
JUN 1.13 (ATavnadauATINUEILUY Rockwell
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Heat Treatment of Metals Brinell Hardness Test

Hand-operated
Brinell Tester High Production
Brinell Testing Machine

Brinell Microscope

o 4 o o )
Eﬂ'ﬂ 1.14 UGAVIATEIINAIINIIUL LA 9



1n3evdenaasulumolanzanen

23

Rockwell

Hardness Testing Machine

4
sdn 1.15
o
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1.05
3.10
3.15
3.20

495

477 |

461

429
415

388
375
363

745
710
682
653
627
601
578
555

514
495
477
461

429
415
401

375
363

B4.1
83.0
82.2
81.2
80.5
79.8
79.1
78.4
77.8
76.9
76.3
75.6
74.9
74.2
734
72.8
720
71.4
70.6
70.0

I'H’Md 1.8

60.0
58.7
57.3
56.0
54.7
53.5
52.1
51.0
49.6
48.5
47.1
457
44.5
43.1
41.8
40.4
ag.r

74.8
73.3
72.0
70.7
69.7
68.7
67.7
66.7
65.8
65.0
63.8
62.7
61.7
60.8
59.7
58.8
57.8
56.8
855.7
54.6

81.4
80.6
80.0

822
80.4
79.0
77.5
76.3
781
738
727
71.6
70.7
69.4
68.2
67.2
65.8
64.6
63.5
62.3
61.1
59.9
58.7

Hardness Numbers (Steel)

72.2
70.2
68.5
66.5
65.1
63.5
62.1
60.6
50.2
58.0
56.1
54.5

532

51.5
439.9
48.4
46.9
45.3
43.6
42.0

840
840
737!
697
667
677
640
591
568
547
528
508

472
455

425
410
396
383

91
87
84
81
79

75
73
71
70
68
66
65
63
61
59

56

52

323
309

285
274
263
253
243
235
225
217

210

202
195

182

7.5

7.0

6.5

Cylindrical work corrections (approximate only) to be added to observed Rockwall number

50
40
30
20

w1907 1.9 Wilson Cylindrical Correction Chart* -

25
3.5
5.0
6.0

3.5
4.0
5.0
6.0
7.0

8.0
9.0

2.0
2.5
3.5
45

25
3.0
35
4.0
5.0
5.5
6.0

1.5
2.0
25
35

1.5
2.0
25
3.0
3.5
4.0
4.5

20
25

1.5
1.5
2.0
2.5
3.0
35,
4.0

1.0
1.0
1.5
20

1.0
1.5
1.5
20
25
3.0
3.0

1.0
1.5

15

2.0
20
25
25

0.5
1.0
1.5
15
2.0
20
25

*Courtesy of Wilson Mechanical Instrumerii Division, American Chain & Cable Co.
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mmﬂ 1.10 The Rockwell Hardness Scales”

A 60 Diamond cone Extremely hard materials, tungsten carbides, etc.
B 100 1/16" ball Medium hard materials, low-and medium-carbon steels
brass, bronze, etc.
C 150 Diamond cone Hardened steels, hardened and tempered alloys
D 100 Diamond cone Case-hardened steel
E 100 1/8" ball Cast iron, aluminum and magnesium alloys
F 60 ' 1/16" ball Annealed brass and copper
G 150 1/16" ball Beryllium copper, phosphor bronze, etc.
H 60 1/8" ball Aluminum sheet
K 150 1/8" ball Cast iron, aluminum alloys
L 60 1/4" ball  Plastics and soft metals such as lead
M 100 1/4" ball Same as L scale
P 150 1/4" ball Same as L scale
R 60 1/2" ball Same as L scale :
S 100 1/2" ball Same as L scale :
v 150 1/2" ball Same as L scale :

i

Xl S

*Ametek Testing Equipment Systems, East Moline, Ill.'

-
e

m‘l‘ld'ﬂ 1.T1 Chemical Composition and Typical Mechanical Properties of Copper and Some Copper Alloys*

o Ry i Sl

4 s

s
Gopper Sheet| 999+ | .. | .. |.. 55 32 481 i 4| 50 | s8 it
Gilding metal Sheet| 950 (50 .. |.. 55 35 45 1 5| 38 | 68 7 A
Commercial bronze | Sheet| 90.0 [10.0 [ .. |.. 67 a7 53 1 3| 40 [75| 10
Red brass Sheet| 850 [15.0 (.. |.. 80 45 55 15 4| 43 [ 85 | 10 %
Low bras Sheet| 80.0 {200 | ... |.. 85 43 65 | 18 4| 50 | 86 | 11 i
Rod [ 800 |200.. |.. 80 45 60 15 5| 50
Spring brass Sheet| 750 [25.0 .. |.. 80 47 60 15 5| 45 | 87 | 15 b
Brass sheet| 700 (300 .. |.. 86 45 65 | 15 4| s0 | 87 i
Cartridge brass Sheet| 69.0 [31.0| .. |.. 85 46 65 15 4 | 58 | 87 | 22 =
Yellow brass Sheet| 650 [35.0 (.. |.. 20 45 70 15 5
Muntz metal Sheet| 60.0 [40.0 [ .. |.. 80 57 60 15 9
Phosphor bronze Sheet| 96.0 |... 40 (025 P 90 45 75 18 4
Sheet| 920 |[.. |80 [+P 110 80 85 25 3
Aluminum brass Tube | 76.0 220 .. |2Al 83 62 75 16 17
Aluminum bronze 920 |.. . |BAl 134 76 100 30 13
Manganese bronze Rod |68.0 |29.0|.. |1AlL1Mn 1Fe 85 60 50 25 20
Admiralty matal Tube | 71.0 [21.0] 1.0 |... 100 53 98 18 3
Naval brass Rod | 60.0 [39.0 | 0.75|0.25 Pb 62 54 39 15 30
Silicon brass . | 780 |200].. |20si 110 55 83 12 4
Tin brass 88.0 |10.0| 20 |.. 85 3

'
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i !
R3990 1.12 Approximate Hardness Relations for Steel*

2.35 682 737 61.7 72.0 822 79.0 84
2.40 653 697 60.0 707 81.2 77.5 81
245 627 667 58.7 69.7 80,5 76.3 79 8.0 323 -
2.50 601 640 57.3 687 79.8 75.1 77 309
255 57.8 615 56.0 67.7 79.1 73.9 75 297
2,60 555 591 547 66.7 78.4 72.7 73 7.5 285
265 534 569 53,5 65.8 77.8 71.6 71 274
2,70 514 547 52,1 64.7 76.9 70.3 70 263
495 539 51.6 64.3 76.7 69.9 259
&7 { 495 528 51.0 | 638 76.3 69.4 68 253
: 477 518 50.3 63.2 75.9 68,7 247
20 { 477 508 49.6 62.7 756 68.2 66 243
Sy { 461 495 48.8 61.9 75.1 67.4 L. 2a7
461 491 48.5 61.7 749 67.2 65 235
_ 25 { 444 474 47.2 61.0 74.3 66.0 7.0 226
444 472 47.1 60.8 74.2 65.8 63 225
2.95 429 429 455 457 59.7 73.4 64.6 61 217
3.00 415 415 440 44.5 58.8 72.8 63.5 59 210
3.05 401 401 425 43.1 57.8 72.0 623 58 202
3.10 388 388 410 41.8 56.8 71.4 61.1 56 195
3.20 363 363 383 39.1 54.6 70.0 58.7 52 P 182
3.25 352 352 are 37.9 53.8 69.3 57.6 51 176
3.30 341 341 360 36.6 52.8 68.7 56.4 50 170
3.35 331 331 350 355 51.9 68.1 55.4 48 166
3.40 321 321 339 34.3 51.0 67.5 54.3 47 160
345 311 311 328 33.1 50.0 66.9 533 46 155
350 * 302 302 319 32.1 49.3 66.3 52.2 45 6.0 150
3.55 293 293 309 30.9 48.3 65.7 5.2 | 43 145
3.60 285 285 301 29.9 47.6 65.3 60.3 42 141
3.65 277 277 292 28.8 46.7 64.6 49.3 41 137
3.70 269 269 284 27.6 459 64.1 48.3 40 133
;é 375 262 262 276 26.6 45.0 636 47.3 39 129
- 3.80 255 255 269 25.4 44.2 63.0 46.2 38 126
3.85 248 248 261 24.2 43.2 62.5 45.1 37 5.5 122
3.90 241 241 253 2238 42.0 61.8 439 36 118
3.95 235 235 247 21.7 414 61.4 42.9 38 115
4.00 229 229 241 205 405 60.8 41.9 34 111

“Adapted from H.E. Davis, G.E. Troxell, and C. T. Wiskocil. “The Testing and Inspection of Engineering Materials. 2d ed., McGraw-Hill Book
Company, New York, 1955; based on “Metals Handbook,” 1948 ed. American Society for Metals. Metals Park. Ohio. See ASTM E 140
for additional relations.
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o - 2 ;
AN N 1.13 Approximate Hardness Relations for Steel (Continued).

S A

405 223 40 60 97 41 80.5 33 108

4.10 217 39 60 96 40 81.0 a2 105

4.15 212 38 59 95 39 79.0 at 102

4.20 207 37 59 94 a8 7856 31 100

425 202 a7 58 93 110 a7 78.0 30 o8

4.30 197 a6 58 92 110 36 77.2 29 96

4.35 192 35 57 91 109 35 77.0 28 5.0 04

4.40 187 34 57 90 109 34 76.0 28 92

4.45 183 34 56 89 109 33 755 27 %

4.50 179 a3 56 88 108 32 75.0 27 88 :

4,55 174 33 55 87 108 31 74.5 26 86

4,60 170 a2 55 86 107 30 74.0 26 % 84

485 166 32 54 85 107 30 735 25 82

4.70 163 31 53 84 106 29 73.0 25 81

475 159 at 53 83 106 28 72.8 24 e A

4.80 156 a0 52 82 105 27 71.5 24 77

4.85 153 % 1 81 105 4 71.0 23 76

4.90 149 3 3 80 104 - 70.0 23 45 75 9

495 146 7 3 79 104 5 69.5 22 74 =

5.00 143 5 . 78 103 - 69.0 22 72

5.05 140 : : 76 103 : 68.0 21 71

5.10 137 5 X 75 102 7 67.0 21 70

5.5 134 5 o 74 5 102 T 66.0 21 68

5.20 131 5 s 73 101 : 65.0 20 66 E

5.25 128 3 - 71 100 2 640 | .. 65 4

5.30 126 i i 70 100 - 63.5 = 64
: 535 124 2 : 69 99 z 62.5 5 63 2

5.40 121 v s 68 98 7 62 °5 62 t‘:

5.45 188 : . 67 97 > 61 o 61 |

5.50 116 55 o 65 96 = 60 2 60 7

5.55 114 = ‘. 64 95 i 59 : 59

5.60 112 5 <5 63 95 = 58

565 109 5 3 62 94 3 58

5.70 107 r: 5 60 93 g 57

5.75 405 = s 58 92 .. 55

5.80 103 2 5 57 91 v3 54
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3. Vickers Hardness Test aliwanaduiwesufisziin (Square - Based Diamond
da o ' Y v o o a a [ ' -
Pyramid) 7ifiyn 138 sevdndurasmiunestvanfliin 9 Waslondarldsming 1 81 120 kg
¥ Yaau X J s e - ° a  w
nilifguagiuiaananihumagaudneie
' & v o A'L & 4 R [ =
AATNKERsidnnaandmransiliunine : Nufinasunasasuna () dnisedy
¥ 7 + ' s ' A’
mm? Tnamlsannidunussyuuassaadaudaunugns Aol

HY o 1.8:24L
loeld L = Applied load, kg

= Diagonal length of square-impression, mm

Operating
position

- o -
U 1.16 soEnAvaviINTTA TR
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A1919N 1.14 Typical Applications of Indentation Hardness Tests”

Structural steel and other

rolled sections

Most castings, including
steel, cast iron, and

aluminum

Most forgings

Finished parts, such as
bearings, bearing races,
valves, nuts, bolts, gears,
pulleys, rolls, pins, pivots,

stops, etc.

Cutting tools, such as
saws, knives, chisels,

scissors
Forming tools

Small castings and

forgings

Sheet metal
Large-diameter wire
Electrical contacts
Plastic sheet or parts
Case-hardened parts

Cemented carbides

Same as standard
Rockwell except where
shallower penetration is

necessary, as in:

Thin case-hardened
parts, to .010 in.

Thin materials down to
.006 in.

Cemented carbides

Powdered metals

Same as Rockwell and
Rockwell Superficial
except where higher
accuracy or shallower
penetration is necessary,

as in:

Thin case-hardened
parts, .005 to .010 in.

Thin materials down to
.005 in.

Highly finished parts to
avoid a removal opera-

tion

Thin sections, such as

tubing
Weak structures

Plating thickness

Plated surfaces

Coatings, such as

lacquer, varnish or paint

Foils and very thin
materials down to .001

in.

To establish case gra-

dients

Bimetals and laminated

materials

Very small parts or areas,
such as watch gears,
cutting tool edges, thread
crests, pivot points, etc.

Very brittle or fragile
materials (Knoop inden-
ter), such as silican, ger-
manium, glass, tooth

enamel

Opaque, clear or tran-

slucent materials
Powdered metals

To investigate individual

constituents of a material

To determine grain or

grain boundary hardness

* Ametek/Testing Equipment Systems, East Moline,lIl.
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. = o o daa Y
4. Microhardness Test \{uir3asilofilinasaupnuuiuadiunufidfioun 9 164

o = & @ o ° o  a
Bwuawadn 91m 91U Tadliwanarinunannmassuiisslla (The Knoop Diamond-Pyramid Indenter)
ol ° ° = £ e o '
Aflay 172° 30' waz 130° (Transverse Angles) uazldlvamtlsznney 1 f 1,000 gm. NIUALEIUA

ﬂ“ d o o £
AUNAVBITUITUNLUINININIINATAUR2E
ey mildannlindadalasaladdasguuinsasnn (saey) wesiununasay

g o 0 ° v o J
(Specimen) LAIUIATNIATUL Eulﬂ'il']ﬂfjﬂiﬂﬁu

14.229L
st
Tatlld L = Applied load, kg
d = Length of long diagonal, mm

5. Impact Test flunmadauuuuusinszunn laeddnisudeeligniuidulman Tu
o - a v v °y
NIMALININTUNNALTUIUNATAUATILUITIHINIBUIN  (Notch) 1o1l3Fausaaud uunu

NAFBULNANITUIANIDNNDBNINNNY
aad WV g A’ - | Ve =
ASNAFaLLLLATAINEIN dnTsauusiEnsnadaulditiu 2 wuuda
1. Charpy awUaatlfuuimin (Load) Fswnsznunudununadatlufisnieh

ATINUTNNAULUREIIaLUINLY
5 v ¥ a a v & -y
2. Izod ldeelyisuunmindauinssnuiuduiunadauasaiulanatasiueny

d a w a o | v
nagauTILtuUAULREN ﬂUlLu’JN']WTaU')n“h

Hardened steel \

f

/ ~— Transition -
P Ductile

Impact energy

ot

0
Temperature, G

d a
su 1.17 9w Transition Range
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o
A19790 1.15

Some Properties of Selected General-Purpose Thermoplastics

Impact Max-use temp.
Tenslle strength, Dielectric (no load)
Density, strength, 1zod, strength,
Material glem® x 1000 psi*  ft. Ib/nT V/milg: i e
Polyethylene:
Low-density 0.92-0.93 0.9-2.5 480 180-212 82-100
High-density 0.95-0.96 2.9-5.4 0.4-14 480 175-250 80-120
Rigid, chlorinated 1.49-1.58 7.5-9 1.0-5.6 230 110
PVC
Polypropylene, 0.90-0.91 4.8-5.5 0.4-2.2 650 225-300 107-150
general-purpose
Styrene-acrylonitrile 1.08 10-12 0.4-0.5 1775 140-220 60-104
(SAN)
ABS, general-purpose 1.05-1.07 5.8 385 160-200 71-93
Acrylic, general- 1.11-1.19 11.0 2.3 450-500 130-230 54-110
purpose
Cellulosics, acetate 1.2-1.3 3-8 1.1- 6.8 250-600 140-220 60-104
Polytetrafiuoroethylene 2.1-23 1-4 2.5-4.0 400-500 550 288
*1000 psi = 6.9 MPa.
TNotched Izod test: 1 ft. Ib/in = 53.38 J/m.
F1 Vimil = 39.4 V/mm. :
Source : Materials Engineering, May 1972.
Pointer and pendulum
fter striki
e S Striking edge T~
of pendulum
\\ Impact value
calculated on
\ - basis of | - in
| 21" specimen 1.e..,
/ 2 1 in. notch
—~Pointer / length
/
7
A
I~ __Supporting Ed
_\‘/ clamp S
7 |

Notched Specimen

12 1" % 1"
X 2L
8192 2

(a)

=

u

(V]

-
Specimen
thickness
[optional]

(b)

1.8 UAAMIAITUINTUIIUNTINGD Izod Test
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g B

3

Charpy V - notch energy ft - Ib
=23
=1

40
20
c 1 1 1 1 1 1 1
-150 -100 -50 0 50 100 150 200 250
Testing temperature F
o
Jun 1.19

/.
///
/y
‘y
‘y
9
End of swing 7/
2% /
C
\
r\
G
AN
e

Starting position

o ° o
Eﬂ'ﬂ 1.20 UaAINITNIIUYBIATEINAFALY Impact

Hammer




in3e0donaasuluniolan:3nen

33

12.7 mm
SGlule
£
Elm
©|®
I 2.54
© ﬁ mm
E <= Striking
g knife
= sign
=
Root
radius
i, 1.0 mm
a ey
Eﬂﬂ 1.21 SAHUIAKUL [zod Test UA=NIIAITENTUIIUULLY Charpy Test

"
@ - )
025 mmA
Load

( —| |-16mm

B L =33
10 mm ‘ﬁ«\“‘
Charmy
El l-—mmm

(0]

< PR ;
31]71 1.22 AIMWTINAUAIELNTUIIUNATEULITIATEUNALLLAI 9
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1.6 nisanmlasuaseranlan:

nsAnwlaseaiisastans (Metallography) vinnadl Wiunsesadaulassasisgania
(Microstructure Examination) #3alAs9adnaan ¢ mmfawzﬁhyﬂﬁaalu'[ﬂiafﬂﬂLﬁ;awmﬂqgﬂi’wwaa
WianTu (Grain) wazussmanaviafiiidaluagludavaslavsildindsnanaa-vaaslan: wians
SalanzianTINASULUUAN 9 LU

naRnwglassaseaslansiy aswisisniseandy 2 FEseiufa

1. 58uvulalas dunmdlindasensglanaivifiiuniidsenanous 40 i (4 x)
s auflumsrnunglasaisaslansuuuneny

2. 3uvunilasg Lﬂumﬂ%ﬂﬁ’awma@lmsﬁ%’ﬁaﬁﬁw’mr‘hﬁwmEJrg’m,wi 40 171 (4 x)
Fuld ssflumsdnwglasaeadansuuuazdanuin

Tuauaunsinenlasiaieeadlans (Micro Structure) S38n13 uaztumBUR 9 Aaua

'
a Vv o

AU A

=

1. NISLASEHRIANITHRTUNAFAU (Sawing) TunufiazasauNYNnIAnNalTu
=1 g 9 @ s ar [ l‘: | | 3 = U ﬂ‘ H‘ ' S 9 | =1
aulnfauiy sasisndunagreunnassindularsulimialansgan  Wanwlmaanliinsasiauas

@ v oe . o o A [T o A v oW & )

aunseflumsanlagn 1y Anmeidasiia AndieRaanansadasmlWLas (Abrasive cutt off wheel)

2. NSAANIBARTUNUNAFBY (Mounting) Tunsdlunaaauiizuindnniaguing

1 = . = @ ‘J i 9 ] ar 9w o

uwann gy lude wivnaandas wialduaianasuas 9ay mrnldinldanisotusadunism

- llalneazann WlHAsnsdamedansmanwanaiin wu duiluinan Thermosetting Resin azldln

5 P LT e ) | & oo w o 3 a 9w

Bakelite aszianuausadudiadn 9 dndvalsuiudadun danldluudansunssnszuaniiady

Aadusufifauiaus 9 ainann TeeldmnusadlumariWazaadduilafiaanudszann 150C
wazldiiseam (Pressure) 1Ussuned 4,000 PSI

dus wan Thermoplastic Resin agldun Lucite axflanwasiduidadn 9 la 9 w3

11 9 aglimannslunsasuudangunsinszuan lndlfanmgiuazussdamilau 9 Auiu Bakelite

Mounting Press

sUN 1.23 (A309ER Bakelite
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\

Rough = Emery- ; Levigated
Sawed & Beveled Cloth Paper Alumina

o o o e o
sUN 1.24  uamvnwSavarsulunisin Specimen

3. IBNISVAYUARYIU (Hand Grinding) =vinminsenszawnTeulne ey
Unafimihadndaunasnszarwnsgunlagaaannafivanisiaveiy  IngSessnsuauas
PAINTEATHNTIEUN A IS AT AN TV 9 lvnuuadanmeasden 9 Wy Guas No. 150,
180, 220, 240, 320, 400, 600, 800, 1,000 uaz 1,200 udy TefduwsATIU AT AasEEARzS
e ALY

Reflected light
z Incident light

Specimen

Microstructure

(@ (®)

o o sk o a = a
Eﬂﬁ 1.25 uﬂﬁwﬂ']77’7”!”Wa\j“ﬁ\“Waﬁﬁ&nﬁw?ﬂUw'ugffﬂ?’ﬂ\?ﬂud"fu?]ﬁ

4. FBNSYRYAMSU (Polishing) LiladnsaenszaenseinausIu No. 1,200 (asin)
Wud? Aeshaunfumninauynnistnuudaindnuataiinidnfanuaudataildnainasuns
Tutlszanal 300 RPM. UasARImBELANGITIIETAKN (Abrasive Particles) imawtaniiy Aluminum
Oxide, Copper - Based Materials, Cerium Oxide W8z Magnesium Oxide sy
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5. 38N1SAANSA (Etching) wasanEuzuIuNMITazingy (axdan) W udrAsn
AUNTLAINAINITANITRARENTA 2% Nital ({u Steels ™ g ) FeasidunanTErinnTa
lup3n (HNO) U3nnew 2% HENAURaLaanagadSann 98% WaldiFasnaininiy Tneldiaan
Tumsinnsaussana 15-20 3wt Wannegiamihaunduussdudimsndddls dassud
Tsuduniadaduinfiauaanasadinass WatnssApTIuivasmiasnauunisinnsadnmss

() % ) o
i O | @ i)
wash wash wash
320
tum 90 turn 90 400 o 500 wash
grade grade grade

——
=

=

etch using wash
tongs QHD

dry with
hairdryer
spray with:
methanol

3UN 1.26 MTIANL + MINANTA

To eyepiece

or camera Partially silvered mirror

From light source

e Specimen

- %
sUN 1.27 v vzavlnlasalal
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Y

Scanning Coils

Gun EIecL:Jtrqon
supply g
: Electron
First I beam
condenser 1
I
|
|
i
Lens Second X |
supply condenser 1
lens |
I
I
I
s s
Final lens :

Shen

Specimen
Electron-collection
system

i

Vacuum
system

Scanning
circuits

Y

Magnification
unit

Display and
o O

record unit

f

o o =
Eﬂ'ﬂ 1.28 UdAINIINNIUTBILAWE

AT
High voltage

_[—— — ANCAS

—|" | =—— Apertura

Detection of

T e ...
radiation e — =

Signal
Amplifiers
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«

Polished Black White Gray
surface

Metal flow /

—_—\= \\}’ //\
oo i

/i —

Before etch ; After etch
(@) (b)

()

Cathode
Electrons

v e = Condensing =i
lens

Transparent
reflector ;
Light
S source

Specimen

— Y —— Objective
lens

Obijective { Projecting

Specimen I AE—" ens

Final
image

@ ®)

o 2 , @ o & = o
‘é“t.l‘Vl 1.30 u#amd Specimen ﬂEJ‘L!LLﬁi’VFﬂdﬂlﬂﬂ?’ﬁl‘J"JNWJ“L/%H'ULT)EIUH’?‘JW"IJ’HJ‘ZIENﬂﬁVB\?



