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5.1 MINATBUAINUTIT0ANAA (Rockwell Hardness Test)
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HR=F-¢

FO = preliminary minor load in kgf

F1 = additional major load in kgf

F =total load in kgf

e = permanent increase in depth of penetration due to major load F1 measured in units of 0.002 mm

£ = a constant depending on form of indenter: 100 units for diamond indenter, 130 units for steel ball indenter
HR = Rockwell hardness number

D = diameter of steel ball

-

A " B ¢
. inor foad
Minor foad Fo "’°; i Fo Minor load FO
* Major load F1 = Total foad F )

T e o anmmn

Zero Reference fine . j_

gﬂ‘ﬁ 3.6: Rockwell Principle
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ﬂ]‘i"lﬂ'?l 3.1: Rockwell Hardness Scales

Scale

Indenter

Diamond cone
1/16" steel balt
[Diamond cone
Diamond cone
1/8" steel ball
1/16" steel ball
1/16" steel ball
1/8" steel ball
1/8" steel ball
1/4" steel balt
1/4" steel ball
1/4" steel ball
172" steel ball
1/2" steel ball

l/g" steel ball

Minor Load Major Load Total Load

Fo
kgf
10
10
10
10
10
10

10

10

10

FI
kgt
50
90
140
50
90
50
140
50
140
50
90
140
50
90

140

F
kgf
60
100
150
100
100
60
150
60
150
60
100
150
60
100

150

Value of

i

100

130

10G

100

130

130

130

130

130

130

130

130

130

130

130

30
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Typical Application of Rockwell Hardness Scales

HRA .. .. Cemented carbides, thin steel and shallow case hardened steel

HRB . ... Copper alloys, soft steels, aluminium alloys, mallcable irons, etc.

HRC . ... Steel, hard cast irons, casc hardencd steel and other materials harder than 100 HRB
HRD . ... Thin stecl and medium casc hardened stecl and pearlitic malleable iron

HRE. ... Castiron, aluminium and magnesium alloys, bearing metals

HRF ... . Annealed copper alloys, thin soft sheet metals

HRG . . .. Phosphor bronze, beryllium copper, malleable irons HRH . . . . Aluminium, zinc, lead

HRK....}

HRL....}

HRM ...} .. .. Soft bearing metals, plastics and other very soft materials
HRP....}

HRR....}

HRS....}

HRV .. ..}

= 3 d
5.1.1 fnaa ummwﬁasmumﬁu%amma (Rockwell Superficial Hardness Test)
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HR=FE-¢

F0 = preliminary minor load in kgf

F1 = additional major load in kgf

F=total load in kgf

¢ = permancnt increase in depth of penetration due to major load £1, measured in units of 0.001 mm
E = a constant of 100 units for diamond and ball indenters

HR = Rockwell hardness number

b = diameter of steel ball

A M FBQ ¢
, inor load
Minor foad F0 mo; s Minor load F0
* Major foad F1 = Total Joad F

'

I
Zero Reference line . ___ j. — e - — — — — —

51N 3.7: Rockwell Superficial Principle
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qﬁﬁ 3.7.1: digital display for Rockwell A, B, C and superficial hardness testing.
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ﬂlﬂ\‘l‘ﬁ 3.2: Rockwell Superficial Hardness Scales

Minor Load Major Load Total Load

Value of

Scale Indenter Type O 1 F ﬁ

kgf kef kgt :
HR 15N N Diamond cone 3 12 15 100
HR 30 N N Diamond cone 3 27 30 100
HR 45N N Diamond cone 3 42 45 100
HR 15T 1/16" steel ball 3 12 15 100
HR30T 1/16" steel ball 3 27 30 100
HR 45T 1/16" steel ball 3 42 45 100
HR I5W  1/8" steel ball 3 12 15 100
HR30W 1/8" steel ball 3 27 30 100
HR45W  1/8" steel ball 3 42 45 100
HR 15X  1/4" steel ball 3 12 15 100
HR 30X  1/4" steel ball 3 27 30 100
HR 45X 1/4” steel ball 3 42 45 100
HR15Y  1/2" steel ball 3 12 15 100

HR30Y  1/2" steet ball 3 27 30 100

i
HR 45Y  1/2" steel ball 3 42 45 100
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52 m‘iﬂﬂﬂﬂﬂﬂ?lml‘ﬁdﬂ‘i!uﬁn (Brinell Hardness Test)
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517 3.8: Brinell Hardness Test
Where

BHN - the Brinell hardness nfimber
F = the imposed load in kg
D = the diameter of the spherical indenter in mm

D, = diameter of the resulting indenter impression in mm
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5.4 MINATIVAIDIION (Knoop Hardness Test)
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Aproximate Comparison of Hardness Scales
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r ﬂﬂin‘_’rs_; The summary table for different hardness testing methods
J— S .
st \ TEST METHOD TESTFMIM MDENTER TYPES mmm mm
* Rochwel Requi  £0.100,10kgs  Comcal Diamont & Smad Ball E 18 Depth
Supericial 15.30,454kgs  Comcal Dismond & Smad Ball E1B Depth
Light Lead 3,5, Thgs Trecated Cone Diamond NA Depth
Micts 500, 100 grams Smal L’::;;? Cane NA Depth
Maco 50010 00 kgs Si0mmBl EM03 O e
Eﬁﬂ?uss ks ﬁlnleJgrvnsr ' ‘ﬁ"Pymld Diamond , BB Ama
Vingop '5ln2L‘lZOgms_ 0P Damend B3 a Ay
Rockwet Typs 500, M0gams tmmrou ¢ Diarmond ,' NA ' Oepih
Dt OlloX0gams  TnesquisOomod 0 MR Depih
" Bwel Opid WXk Som 0mmBA 0 EN Awm
I ™ '"étﬁ'i{{h&ﬂi{  mm 10mm B Bl Depth
TS Rl RN B Dgams B Com (A T Cone (D D2AD  Depih
o Men  XTANEQ s Bl ) TP loneln A )
TR ”n-guu ' &rgm 25 mm Bl . DIS et
C Men 57 ams 395 mm Bat S pl ' “Deoth

§‘l.lﬁ 3.14: For hardness determination of plastics and elastomers according to A, D, B, C, DO, O and
00 scales
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http://www.bikepro.com/products/metals/hardness.htmi

hitp://www . wargamer.org/GvA/background/hardness 1 .htmi

http://www bartleby.com/65/ha/hardness.huml

http://www .bikepro.com/products/metals/hardness.html

http://www britannica.com/bcom/cb/article/8/0,5716,40048+1,00.html
http://isl-garnet.uah.edu/Composites/s.html#Shore

http://www.matweb.com

http://www.minerals.net/resource/property/hardness.htm

htip://www.dowcoming.com a: Ref. By Pecht Handbook of Electronic Package Design, 1991

http://www_ hardnesstesters.com/hardness_train3 htm
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AIRHUIN
CENTILENE

PROPERTIES UNIT

HD 1000
Density 0.93
Melting Temperature °c 130-135
Thermal Conductivity at 23 °C WimK 0.4
Average coeff. Of linear therm. Exp. Between 23 and 100 °c | 10°m/mK 200
Temperature of deflection under load:

- methode A:1.8 Mpa °c 42
Vicat softening temperature - VST/B50 °c 80
Max. allowable service temperature in air:

- for short periods °c 120

- continuously: for 20,000 hr ° 80
Min. service temperature °c -200
Flammability

- "Oxigen Index" <20

%

Tension test:

- tensile stress at vield Mpa 19

- tensile strain at yield % 15

- norminal tensile strain at break % > 50

- tensile modulus of elasticity Mpa " 750
Compression test

- compressive stress at 1 /2 / 5 % norminal strain Mpa 45/8/14
Charpy impact strength - Unnotched K¥m'’ no break
Charpy impact strength - Notched Kim’ l110P
Charpy impact strength - Notched (double 15 notch) Kl/m’ > 170
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