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Desain Sebuah Komponen
Mana yang harus dipilih terlebih dahulu?

Pemilihan Jenis Material Pemilihan Ukuran

I

=21

g
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Desain Komponen —
Faktor yg dipertimbangkan

Tegangan - Regangan

(a) One fixed end, (b) Both ends (¢) One fixed end, (d) Both ends
one free end i inne: ixe:

pinned one pinned end

Stabilitas

Konduktifitas Termal Kekakuan
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Steels
Cast irons
Al-alloys

Metals

Cu-alloys
Ti-alloys

PE, PP, PC

Aluminas PA (Nylon)
Si-Carbides Polym ers
Cefanjllcs Gomposites PS, PET,Epoxy

Zirconias Sandwiches Polyester

Al-nitrides

HYBRIDS

\ Natural materials

Material composition of the Daimler passenger car fleet
Distribution over the number of Merce des-Benz and smart
passenger cars sold in Europe in 2009

Foams

Soda glass Neoprene

Pyrex Butyl rubber
Glasses Elastomers
Glass ceramics Natural rubber
Silica glass EVA, Silicones

0.9% Process polymers
1%
3.3%

Mon-ferrous metals
Other
Service fluids

Light allays

St-eewruD

_,_.__-—-"""'_'_H_FF'— 0.0Z% Special metals
N
% 47%

1%

0.2% Electronics
\é‘l.?*
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Maore than half of the we hicle weight (81.7 percent) is accounted for by steel/iron,

followed by polymers with 18 percent and lightweight metals as the third-largest fraction (9.1 percent).




AISI/SAE Steel Designation System

Sistem Penomoran Material

XX XX
e S

Type of Amount of

Material Carbon
Selected Present in
the Steel

SAE designation Type

Ixxx
2XXX
3XXX
Lxxx
5xxx
BEXXX
7 XXX
8xxx

Oxxx

Carbon steels

Nickel steels

Nickel-chromium steels
Molybdenum steels

Chromium steels
Chromium-vanadium steels
Tungsten steels
Nickel-chromium-vanadium steels

Silicon-manganese steels
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Carbon Steel

Manganese
Steel

Nickel Steel

Nickel
Chromium Steel

Molybdenum
Steel

10XX

11XX
12XX

15XX

13XX

23XX
25XX

31XX

32XX
33XX
34XX
40OXX
L4 XX

AlSI Steel Specifications

Plain carbon steel , Mn 1.009% max

Resulfurized free cutting
Resulfurized - Rephosphorized free cutting

Plain carbon steel, Mn 1.00-1.65%

Mn 1.75%

Ni 3.50%
Ni 5.00%

Ni 1.25%, Cr 0.65-0.80%

Ni 1.75%, Cr 1.07%

Ni 3.50%, Cr 1.50-1.57%
Ni 3.00%, Cr 0.77%

Mo 0.20-0.25%

Mo 0.40-0.52%
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Sifat Mekanik dari Material

¢ Sifat mekanis material dapat diperoleh dengan pengujian destruktif
dari sampel dengan pembebanan terkontrol.

® The American Society for Testing and Materials (ASTM)
mendefinisikan standar untuk benda uji dan prosedur uji untuk
pengukuran sifat berbagai material.

o ASTM E8 / E8M - Standard Test Methods for Tension Testing of Metallic
Materials

o ASTM D638 - Standard Test Method for Tensile Properties of Plastics

o ASTM D3039 / D3039M - Standard Test Method for Tensile Properties of
Polymer Matrix Composite Materials
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Sifat Mekanik dari Material

 Kekuatan/Strength:

« Kekuatan Tekan/ Tegangan tekan maksimum yang dapat ditahan suatu
Compressive Strength: material sebelum terjadinya kegagalan (MPa)

* Kekuatan Geser/ Tegangan geser maksimum yang dapat ditahan suatu
Shear Strength: material sebelum terjadinya kegagalan (MPa)

* Kekuatan Luluh/ Tegangan saat material mulai luluh/mengalami
Yield Strength: deformasi permanen (MPa)
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Sifat Mekanik dari Material

 Modulus:

e Modulus Elastis/ Perbandingan linear antara tegangan terhadap
Young Modulus, E regangan dari uji tarik (MPa)

* Modulus Elastis Geser/
Shear Modulus
(Modulus of Rigidity), G:

Perbandingan linear antara tegangan gesear terhadap
regangan gesear dari uji puntir (MPa)
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Sifat Mekanik dari Material

» Kekerasan / Hardness
Kemampuan untuk menahan lekukan permukaan

= Poisson’s Ratio
Perbandingan regangan lateral terhadap regangan aksial

» Koefisien restitusi/Coefficient of restitution

Perbandingan kecepatan setelah dan sebelum tumbukan, diambil di sepanjang garis
tumbukan.

» Kekasaran permukaan/Surface Roughness

Penyimpangan (arah normal) permukaan nyata dari permukaan idealnya.
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Sifat Mekanik dari Material

Keplastisan/Plasticity:

Ketahanan/Resilience:

» Ketangguhan/

Fracture Toughness:

" Batas Lelah/

Fatigue Limit:

= Creep:

MS2210 Elemen Mesin Dasar

Kemampuan material untuk mengalami deformasi permanen

Kemampuan suatu bahan untuk menyerap energi ketika
dideformasi secara elastis (MPa).

Energi yang diserap pada satuan luas sebelum material
mengalami retak (J/m?)

Tegangan maksumum yang dapat ditahan material dibawah
beban berulang (MPa)

Deformasi lambat dan bertahap suatu benda sepanjang waktu
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Strain

rate, s-1

107
10
105
10+
102
102
10
100
101
102
103
10+
105
10+
107
10

104

Common Testing Methods

Pengujian Sifat Mekanik

Dynamic Considerations

High Velocity Impact
- Explasive
- Normal plate impact
- Pulsed laser
- Expleding foil
- Incl. Plate impact (pressure shear)

Shock-wave propagation

Shear-wave propagation

Dynamic High
- Taylor anvil tests
- Hopkinson bar
- Expanding ring

Plastic-wave propagation

Dynamic Low

High-velocity hydraulic or pneumatic
machines; cam plastometer; drop
weight test

Mechanical resonance in
specimen and machine is
important

epodun) sa3a04 Brjaau]

Quasi-Static
Hydraulic, servo-hydraulic or screw-
driven testing machines

Tests with constant cross-head
velocity stress the same
throughout length of specimen

Creep and Stress-Relaxation

- Conventional testing machines

- Creep testers

Visco-Plastic response of metals

MS2210 Elemen Mesin Dasar

ajquifdan sa0a0 Brpau)

1 Uji Tarik/Tensile Testing
1 Uji Tekan/Compression Testing
1 Uji Puntir/Torsion Test

4 Uji Lentur/Bending Test



Uji Sifat
Mekanik
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Un i ersal Testing Machine (UTM)

Com pr.ess,lun Test

Sumber:

15 MS2210 Elemen Mesin Dasar https://bit.ly/3IwflXy



https://bit.ly/3lwflXy
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Pengujian Sifat Mekanik

Parameter yg diukur:
= P:Beban, N

* d: Perpindahan, mm

= T:Torsi, Nm
* ¢ Sudut puntir, rad

Sifat mekanik dicari:
» Kekuatan material/Materials Strength

= Kekakuan material/Materials Stiffness
Bending Test

—— -

MS2210 Elemen Mesin Dasar
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Uji Tarik/Tensile test

ASTM E8 / E8M - Standard Test Methods for Tension Testing of Metallic Materials
Mesin Uji

Tensile Test Spesimen Uji _ l i
Steel _F

Engineering Stress

Engineering Strain

Sumber: http://upload.wikimedia.org /wikipedia/commons/7/71/Tensile_specimen-round_and_flat.jpg
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http://upload.wikimedia.org/wikipedia/commons/7/71/Tensile_specimen-round_and_flat.jpg

Uji Tarik

Sri __________ |
d i aTeT A — J|f ————————— .
j y ‘o ) _ S, 0 | |
P <gmm- - - - - - o P P = t Jl | I
y = plég ;| | |
| A I ;| | |
< / - b [ I [
a 0 o 7 Il | |
8 /| | |
d,=2.5,6.25, and 12.5 mm & 0.505 in 7 I | |
/,=10, 25, and 50 mm & 1 and 2 in. ! : : :
A | |
0 a €, €, €
Strain €
Parameter yang diukur: Sifat mekanik:
P
= P:Beban,N > ® g:tegangan,MPa § = -
0
[—1
= d:Perpindahan, mm > = g:regangan,m/m ¢= l 0
0
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S, Fp———————== |
s ; " — [ — |\ﬁ titik patah
E'i " II: | | u: kekuatan tarik/ultimate strength
E ff | : i y: titik luluh
o | | a: offset = 0.002 (0.2%)
! L1 I ] el: batas elastis
} Strain € T pl: batas proporsional
" o KEKUATAN/ ..
% 2 STRENGTH, §

Slulewm Flooke  E: Modulus of elasticity

= E¢ Young’s Modulus
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TEGANGAN/
STRESS, o
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Kekuatan dan Kekakuan Material
.u

Material getas

I'!;:‘rl;l'.l' ______ usf
! ST™777 y
¥ | | : i
< el f ) | | /
e pld i1 | | /
g il | | ;’
[ I I
7 )l | I & = 5% N
B /ol I | ;
v I | | ;
i | | | i
I | | /
I | | /
/ I | | /
! I l | /
0 a £ €, €f a
Strain € Strﬂi.ﬂf
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- True Stress-Strain Curve

-
—
-
-

-

g = = = = Corrected for complex stress
state in the neck region

xg;gineering Stress-Strain Curve

-+ Onset of necking

oP' P l’h Bt e
i e & =1In(1+¢)

o, =0(1+¢)

v

-
Sifat Mekanik:
Sumber:

https://www.quora.com/Why-do-we-use-the-engineering-stress-strain-curve-if-the- 5 5 E
true-stress-strain-curve-is-more-accurate Yy ut
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https://www.quora.com/Why-do-we-use-the-engineering-stress-strain-curve-if-the-true-stress-strain-curve-is-more-accurate

Keuletan dan Kegetasan

» Kecenderungan material untuk berubah bentuk secara signifikan sebelum

patah terjadi adalah ukuran keuletannya.

* Tidak adanya deformasi signifikan sebelum patah terjadi disebut kegetasan.

LA —— — _-_‘w,wm“I'. |N . . M
(@) (b)

Tensile test specimen before and after failure (a) ductile steel, (b) brittle cast iron

23 MS2210 Elemen Mesin Dasar



Modul 01
Review tentang Sifat Material

01.04. Uji Tekan
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Uji Tekan

ASTM E9 - Standard Test Methods of Compression Testing of Metallic Materials at

Room Temperature
Mesin Uji

Sumber:
http://info.admet.com/Portals/70514/images /ADMET%20ASTM%20D2412%20Pipe%20Compress
on%20Test%202.ipg

http://www.fhwa.dot.gov/publications/research/infrastructure/structures/06103/images/fig23.ipg
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http://info.admet.com/Portals/70514/images/ADMET%20ASTM%20D2412%20Pipe%20Compression%20Test%202.jpg
http://www.fhwa.dot.gov/publications/research/infrastructure/structures/06103/images/fig23.jpg
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Uji Tekan

200

800 |
Compression

700
600 | .
Tension

500 F

400 -

True stress (MPa)

T Uneven Material

200 F

100

0 0.005 0.04
Tru+_.' st_min

:
.

ial Ulet ‘
?

Material Getas

Mater
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Stress (MPa)

450

03 -0.02

Tension

Irs

Ks

Initiation of
local buckling,

Even Material

Elb

;

SJ/C 5 uc

300

Intiation of yielding

0.01 0.02

Inttiation of
yiekding
Compression
-450-
Sirain
Sifat Mekanik

E

Sumber: https://bit.ly/36xlvzf

C

0.02


https://bit.ly/36xIvzf

>5
> 25

>2.0

<20

Mode Deformasi pada Uji Tekan

Buckling [ tertekuk
Shearing [/ Beban Geser

Double barreling, pengaruh gaya
gesek besar

Barreling, pengaruh gaya gesek
besar

“Gbr | L/D | Kemunglinan
d
b
H T
D d :
(a) (b) (<)

O 3 L\

Sumber:
https://sm-nitk.vlabs.ac.in/expl5/index.html
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<20

Tertekan secara homogen,
pengaruh gaya gesek bisa
diabaikan

Ketidakstabilan karena adanya
softening


https://sm-nitk.vlabs.ac.in/exp15/index.html
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01.05. Uji Lentur
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Uji Lentur/Bending

ASTM E290 - Standard Test Methods for Bend Testing of Material for Ductility
Mesin Uji Spesimen Uji

meToo!

supporting pin
A

supporting pin

loading pin

B supporting span N
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UJI BENDING

Sebuah batang tipis hanya ditopang di
setiap ujungnya dan dibebani secara

melintang di tengah panjangnya sampai " tensilestess 4
gagal.
| i
T Jmm
; | E :; .d"ﬂ'T’

Position entlang der Probenldnge

Sifat Mekanik:

Material Ulet Material Getas E/
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Uji Puntir

ASTM A938 - Standard Test Method for Torsion Testing of Wire

Mesin Uji Specimen Uji

Shaft l

Sumber:
https://www.instron.cn/en/testing-solutions/by-test-type/torsion/astm-a938-iso-7800
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https://www.instron.cn/en/testing-solutions/by-test-type/torsion/astm-a938-iso-7800

g

w
(=3

N
(=]

Torque [N-cm]

\
-
Y& .
t '
: -
R '
’
: ’
i’

Shaft
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T

Circular shafts subjected to torsion

Tmax = 1~ R/ J

T max

Parameter dan Sifat Mekanik Uji Puntir

T = —R ; T (N-m)
T (N/m?) J

A

J=md*/32; (m¥

R=d/2

Shear stress

1=G*y

v

Y (Ue) =Y x 10 = shear strain
Ex. 5 (ue)=5x10F



Uji Puntir

Sifat mekanik yang diperoleh dari uji torsi:

o Modulus of Rigidity (Shear Modulus):

o Kekuatan Geser Tertinggi
(Ultimate Shear Strength):

* Energi Distorsi

» Tegangan Geser Maksimum : Sg,, = 0,508,

MS2210 Elemen Mesin Dasar

* Hubungan E, G dan vu:

E

B Gro

G=2(1+v)

sy —

Jika data tidak ada, maka nilainya dapat
didekati dg:

* Baja
J * Material Ulet Lainnya

: Se, = 0,805,
: Sey = 0,758+

* Hubungan antara Shear Yield Strength dg Yield Strength:
0,575,




Modul 01
Review tentang Sifat Material

01.07. Uji Lelah
(Fatigue Test)
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Uji Lelah (Fatigue Test)

1ISO 1143:2010 - Metallic materials — Rotating bar bending fatigue testing
Mesin Uji Specimen Uji

FATIGUE
| Tesung Machine]

FTG-8D

Sumber: a 0.30 in a

http://www.iitg.ac.in/mech/images/labs/sml/10.JPG F F F F
https://www.imrtest.com/mechanical-testing 9ginR,
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http://www.iitg.ac.in/mech/images/labs/sml/10.JPG
https://www.imrtest.com/mechanical-testing

Test specimen Flexible

Revolution
counter

Figure 6-10

An §-N diagram plotted from
the results of completely

reversed axial fatigue tests.

Material: UNS G41300 steel,

normalized; Sy = 116 kpsi;
maximum S,; = 125 kpsi.
(Data from NACA Tech. Note
3866, December 1966.)

9%'&’ coupling

Q = ﬁ;‘i’g_/lﬁ =
= @ O.?jOO' =N

Weights E
110-Volts AC

Fatigue strength §,. kpsi

100

50

l«— Low cycle | High cycle

Finite life

Infinite

life

10° 10! 10? 10° 10* 10° 10°

Number of stress cycles, N
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107 10

Fatigue and Endurance Strength

Benda uji diberi beban lentur sambil diputar
(n= 1725 rpm) oleh motor, pengujian
dilakukankan pada tingkat tegangan
tertentu S sampai spesimen patah dan
jumlah siklus N kemudian dicatat.

Kekuatan Lelah/ Fatigue Strength S;
dari satu siklus sama dengan kekuatan
statis S,,, dan nilainya terus menurun
sampai mencapai nilai endurance limit
pada sekitar 10° siklus.
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Material ulet (ductile),
pada temperature
rendah bisa berubah
sifat menjadi getas

(brittle).



Uji Impak Charpy

ASTM E23 - Standard Test Methods for Notched Bar Impact Testing of
Metallic Materials

Mesin Uji Specimen Uji

Sumber:
https://www.tec-science.com /material-science/material-testing /charpy-impact-test/
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https://www.tec-science.com/material-science/material-testing/charpy-impact-test/
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Hasil Uji Charpy

Temperature, °F

—321,—148-99 -51 0 &0 100 151 199
128 ]A\k\r I T T T
0 As-cast ferritic ,J;——

- N2 ductile iron /
‘é 95 | ® As-cast pearlitic
o ductile iron,
S 80  207HB f
S g4 |- & As-cast pearlitic '
@ o
- ductile iron, /
= 48 [—-241 HB
: )
c La/
O

16

0 QY

—196-100—73-46 —18 10 38 66 93

Temperature, °C

Sumber:

http://www.ductile.org /didata/Section3/Figures/fig3 50.gif

94

0
o

71
59
47
35
24
12
0

Dynamic tear energy, ft - |bf
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= Ketangguhan/

Fracture Toughness:
Energi yang diserap pada satuan luas
sebelum material mengalami retak

(J/m?)


http://www.ductile.org/didata/Section3/Figures/fig3_50.gif
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True Stress (MPa)

(a)

True Stress (MPa)

(b}

400

350 + - G15-1
0O 600 s-1
300 ¢ 1100 51 |
& 1500 5-1)
250 r
200 +
180 1y
iy
100 |}
50 1
0 1 1 I 1 }
0 0.05 0.1 0.15 0.2 0.25 0.3
Logarithmic Strain
450 e - -
400  |—QS
0 600 s-1
350 ¢ < 1100 s-1
4 1500 s-1
300
250 |
200 +
150 L
100
50
ﬂ; 1 1 ¢ | i
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

Logarithmic Strain
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Beberapa material memiliki sifat yang
berbeda ketika mendapatkan laju

regangan yang tinggi

= Strain Rate Sensitive Material

Namun, ada juga material memiliki sifat
yang sama ketika mendapatkan laju

regangan yang tinggi
=>» Strain Rate Insensitive Material

Sumber:
https://www.sciencedirect.com/science/article /abs/pii/S0734743X05000680



https://www.sciencedirect.com/science/article/abs/pii/S0734743X05000680

Split Hopkinson Pressure Bar (SHPB)

Mesin Uji Specimen Uji

Disk silinder
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SHPB Testing: Data processing

Vv

SG1

SG2

Strain

2.5 Stress and strain A/s time 030
/ l
2.0 = J
Incident wawve 0.25
s / /
- Trinsmﬂmd wawve / 400 L _ 0.20
= 1.0 T _— -
g -~ £ | :
5 4 \ = 300 | -4 0.5
o 05 : + -
3 '] H %3 B T
= H " @ 0.10
el o P . M, +—= 200 |- — -
in il T w
-0.5 00 100 |- - 0.05
Reflected wave —___ C - ) .
1.0 u.h -g .O o Stress — — Strain 0.00
= 5 J
1.5 q)
100 200 300 400 500 (©) 8 100 T T T T -0.05
Time, us _ e Pl 300 350 400 450
Voltage vs. time [1 8 o Time, s
(] L U
2 5 .
w2 Stress vs. time
[1] G. Gray lll, Classic Split-Hopkinson Pressure Bar Testing, in: H. Kuhn (Ed.) ASM Handbook, vol 8. D (4y]

Mechanical Testing and Evaluation, ASM International Materials Parks, Ohio, 2003.

Strain vs. time
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Pengaruh laju
regangan pada
sifat material
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Strength, kpsi

100 , 100
80 80
Ultimate
strength, §
60 —= 5\‘" 60
Total elongation
40 e ———— 40
-
PR
Yield strength, S,
20 | 20
0 - 0
10° [0~ 10~ | 102 [0*

Strain rate, 57

R(l‘“{]. LS}IJIIrLS!E.. A0

Elongation, %
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Uji Keras
Mesin Uji Spesimen Uji

Benda apa pun yang

1) Macro Hardness Testers Loads > 1 kg =
memiliki permukaan paralel

* Rockwell
* Brinell
* Vickers
2) Micro Hardness Testers < 1 kg
* Knoop diamond
* Vickers diamond pyramid

ASTM E10 - Standard Test Method for Brinell
Hardness of Metallic Materials

ASTM E18 - Standard Test Methods for
Rockwell Hardness and Rockwell Superficial
Hardness of Metallic Materials

ASTM E92 - Standard Test Method for Vickers
Hardness of Metallic Materials

ASTM E103 - Standard Test Method for Rapid
Indentation Hardness Testing of Metallic

; Materials
Sumber: it ASTM E110 - Standard Test Method for
http://www.finegrouptest.com/images/rockwell _hardness_tester.jpg Indentation Hardness of Metallic Materials by

. Portable Hard Testers
47 MS2210 Elemen Mesin Dasar ortable Haraness


http://www.finegrouptest.com/images/rockwell_hardness_tester.jpg

Uji Keras

* Hambatan suatu material terhadap penetrasi dengan alat runcing
disebut kekerasan l d

* Dua tes yang paling banyak digunakan:
* Kekerasan Rockwell:R,, Ry, R.,.... dll
o Kekerasan Brinell

A
Baja: Besi cor: /

¢ = 0,5 Hg kpsi ¢ 0,23 Hg — 12,5 kpsi
ut = 13,4Hy MPa ut = 1 1,58H; —86 MPa
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Pemilihan Material

o Pemilihan material untuk bagian mesin atau bagian struktur adalah salah
satu keputusan terpenting yang harus dibuat oleh perancang.

Tegangan - Korosi Beban Kekakuan Konduktifitas

Biaya
Regangan Impak Termal y

o MF Ashby telah mengembangkan metode sistematis dengan
menggunakan pemilihan material secara grafik.
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Desain Komponen —
Faktor yg dipertimbangkan

Tegangan - Regangan

(a) One fixed end, (b) Both ends (¢) One fixed end, (d) Both ends
one free end i inne: ixe:

pinned one pinned end

Stabilitas Konduktifitas Termal Kekakuan
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Family Classes

Metals Aluminum alloys
(the metals and alloys of Copper alloys
engineering ) Lead allovs

Magnesium alloys
Mickel alloys
Carbon steels
Stainless steels
Tin alloys
Titamum alloyvs
Tungsicn alloys
Lead alloys

Zinc allovs

Elastomers Butyl rubber
(engineering rubbers, natural EVA
and synthetic) lsoprene

Matural rabber
Polychloroprene (Neoprene)
Palyurethane

Silicon elastomers

Hyhrids= Carbon-fiber reinforced polymers
Composites Glass-fiber reinforced polymers
SiC reinforced aluminum
Foams Flexible polymer foams
Rigid polymer foams
Matural materials Cork
Bamboo
Wood

Klasifikasi Material

Short Name

Al alloys
Cu alloys
Lead alloys
Mg alloys
Ni alloys
Steels
Stainless steels
Tin alloys
Ti alloyvs
W alloys
Pb alloys

Zn alloys

Butyl rubber
EVA

Isoprene
Matural nobber
MNeoprene

PU

Silicones

CFRP

GFRP

Al-SiC
Flexible foams
Rigid foams
Cork

Bamboo

Waood
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Family
Ceramics
Technical ceramics (fine

ceramics capable of
load-beanng application)

MNontechmical ceramics
{porous ceramics of
construction)

Glasses

Polvmers
{the thermoplastics and
thermosats of engineenng)

Classes

Alumina
Aluminom nitride
Boron carbide
Silicon carbide
Sihicon mitride
Tungsten carbide
Brick

Concrete

Stone

Soda-lime glass
Borosilicate glass
Silica glass

Glass ceramic

Acrvlonitrile butadiene styrene

Cellulose polymers
lomomers

Epoxies

Phenolics

Polvamides (nylons)

Polycarbonate
Polyesters

Polyetheretherkeytone

Polyethylenes

Palvethylene terephalate
Polyvmethyimethacrylate
Polyoxymethylens{ Acctal)

Polypropylene
Polystyrene

Palvtetrafvorethylene

Polyvinvilchlonde

Short Name

Ala(s
AlN
ByC

siC
SizN,y
WC
Brick
Concrete
Stone

Soda-lime glass
Borosilicate glass
Silica glass

Glass ceramic

ABS

CA
lonomers
Epoxy
Phenolics
Pa

PC
Polyester
PEEK

PE

PET or PETE
PMMA
POM

PP

PS5

PTFE
PYVC
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Kekuatan vs. Rapat Masa
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Modulus Elastisitas vs. Kekuatan

1000
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Modulus Elastisitas Spesifik vs. Kekuatan Spesifik

MS2210 Ele
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Ketangguhan vs. Modulus Elastisitas

MS2210 Eleme
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Ketangguhan vs. Batas Elastisitas
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Ekspansi Termal vs. Modulus Elastisitas
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Kekuatan vs. Temperatur Operasi Maksimum
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