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1. VAI TRO CUA VIEC LUA CHON VAT LIEU TRONG

QUA TRINH PHAT TRIEN SAN PHAM

1.1. Tam quan trong cia viéc lwa chon vét lidu
Viéc lya chon mdt vat liéu thich hop va sau d6 chuyén doi thanh mot
san pham hitu ich véi hinh dang va dic tinh mong muodn c6 thé la

mot qué trinh kha phtc tap. Gan nhu moi thiét ké déu trai qua mot

chudi cac hoat dong bao gdom: , o
Co the

Thiét k€= Lya chon | ra chon thiét k&
Vat liéu Qui trinh == San xuat = banh gid — |3j hojc

stra doi



1. VAI TRO CUA VIEC LUA CHON VAT LIEU TRONG

QUA TRINH PHAT TRIEN SAN PHAM

1.1. Tam quan trong cua vié€c lwa chon vat lieu

MOi quan hé gilra thiét k€, Eeslght
A A N " \ A Service conditions
vat lieu va qui trinh de tao ra Function
? n Cost
san pham
Materials Processing
Properties Equipment selection
Availability Influence on properties
Cost Cost

Dieter/Schmidt, Engineering Design 5e. \/

©2013.The McGraw-Hill Companies



1, VAI TRO CUA VIEC LUA CHON VAT LIEU TRONG QUA

TRINH PHAT TRIEN SAN PHAM

1.1. Tam quan trong cia viéc lwra chon vat li¢u
= MGt vat liéu dugce chon khdng dung cé thé khdng chi dan dén hong hoc mot phan ma

con dan dén chi phi vong d&i quéa cao.

= O cap dd khai niém cla thiét k&, vé co ban tat ca cac vat liéu va quy trinh déu dugc
xem xét mot cach chi tiét.

= Biéu dd Iua chon vat liéu va phuong phap ludn do Ashby phét trién rat thich hop &
giai doan nay.

= Tuy thudc vao tdm quan trong cla bd phan, cac dic tinh cua vat liéu cd thé can

dugc biét dén ¢ mic do chinh xac cao.

= Lua chon vat liéu va qui trinh la mot qua trinh dan dan thu hep tu& moét vii tru rong

I6n cac kha nang thanh mot vat liéu va qua trinh cu thé.



1. VAI TRO CUA VIEC LUA CHON VAT LIEU TRONG

QUA TRINH PHAT TRIEN SAN PHAM

1.2. Cac yéu to anh hudong dén viéc lua chon vat liéu

= Hinh dang cac bo phan

= Dung sai kich thuGc

= Pac tinh co khi

= Yéu cau Veé ché tao (San xuat)

= Yéu cau veé su dung

= Chi phi: chi phi cua vat liéu va chi phi qui trinh san xuat

= Kha ndng san sang cla vat liéu



1. VAI TRO CUA VIEC LUA CHON VAT LIEU TRONG

QUA TRINH PHAT TRIEN SAN PHAM

1.2. Cac yéu to anh hudong dén viéc lua chon vat liéu

/N D

Cac yéu to anh huong dén su lua chon vat liéu

(1) 1) (i) fiv)

Manufacturing processes Functional requirements Cost considerations Operating parameters

o Plasticity e Strength ¢ Raw matenal o Pressure

o Malleabaliy o Hardness o Processing o Temperature

e Duculny e Rigidaty e Storage o Flow

o Machinability o Toughness o Manpower e Type of matenal

o (Castng properties o Thermal conductivity o Special treatment o Corrosion requirements
o Weldability o Fatigue ¢ Inspection e Environment

e Heal o Electncal treatment o Packaging propertics e Protection from fire

o Tooling o Creep o Inventory o Weathening

e Surface finish o Acsthetic look e Taxes and custom duty e Biological effects



1. VAI TRO CUA VIEC LUA CHON VAT LIEU TRONG

QUA TRINH PHAT TRIEN SAN PHAM

1.2. Cac yéu to anh hudong dén viéc lua chon vat liéu

= Pac tinh vat liéu: muc do hiéu suat du’ kién tu' vat lieu

= Chi phi vat liéu va tinh san co:

+ Vat lieu phai dugc dinh gia phu hgp (khong rée ma dung)

+ VAt liéu phai cé san (t6t hon nén cd nhiéu ngudn)

= Qui trinh: Phai xem xét cach lam moét bo phan, vi du: Vat duc, Gia cong, Han
= MOoi truong:

+ Anh hudng cla dich vu moi trudng doi vdi chi tiét

+ Anh hudng clia bd phan nay déi véi moi trudng

+ Anh hudng clia qud trinh x(r Iy d6i véi méi trudng



2.CAC CHI TIEU CHINH

Cac chi tiéu chinh can can nhac khi lwa chon vat liéu

> Loai vat liéu/Material

»Chirc nang lam viéc/Function
>Qua trinh cheé tao/Process
>Hinh dang san pham/Shape



2.CAC CHI TIEU CHINH

Hai chi tiéu chinh can can nhac ban d3au khi lwa chon vat liéu

2.1. Loai vat liéu/Material
2.2. Chirc nang lam viéc/Function



2.CAC CHI TIEU CHIiNH

2.1. Chirc nang cua san pham
* Nhin trong méi quan hé gilra vat liéu va chirc ndng cua san
pham
* Ddnh gid dya trén cac chirc ndng cla san pham dua ra yéu
cau ky thuat can dam bao
o Ti trong /Density
o Strc bén/Strength
o Cost/Gia ca
o Chéng an mon /Resistant to corrosion
o Kha nang chdng nwdc bién/ Resistance to sea water



2.CAC CHI TIEU CHINH

2.1. Chirc nang cua san pham

* MGi quan hé giira vat liéu va chirc nang

Material

Material families,
classes, sub-classes
and members

Material attributes

Material limits

and indices Process

Material selection is determined by function. Shape sometimes influences the selection.
This chapter and the next deal with materials selection when this is independent of shape.



2.CAC CHI TIEU CHINH

2.1. Chirc nang cua san pham

Chién lwoc Iya chon

Thudc tinh vat liéu dwoc chia thanh nhém, 1&p, |&p con va thanh
VIEN

Kingdom Family Class | | Sub-class|| Member Attributes

(Denslty R
- Ceramics Steels 1000 oA Mechanical props.
- Glasses Cu-alloys 2000 4060 Thermal props.
Electrical props.

* Metals Al-alloys 4000 6061

6063 Optical props.
* Polymers\  Ti-alloys gg% 6082 Corrosion props.

» Elastomers\ Ni-alloys 7000 6151 Supporting information
« Hybrids Zn-alloys 8000 6463 -- specific
t—- general i
m—

A material record



2.CAC CHI TIEU CHINH

Chi tiéu chinh can can nhac khi lwa chon vat liéu TT

2.2. Qua trinh ché tao/Process



2.CAC CHI TIEU CHINH

2.2. Qua trinh ché tao/Process

Process

Attributes:
material,
shape and size,
minimum section thickness
tolerance and roughness,
minimum section
batch size
capital cost




2.CAC CHi TIEU CHINH

2.2. Qua trinh ché tao/Process

% Qua trinh ché tao la gi?
 Phwong phap tao hinh, ndi hodc hoan thién vat liéu
Vi du: Buc cat, ép phun, han nung chay, danh béng dién va v.v.
« Phu thudc vao yéu cau thiét ké

% Cac dic tinh cda san pham
« Vat liéu c6 thé xi ly
« Hinh dang n6 cé thé tao ra
« D6 chinh xac cua chung
* Phure tap Kich thuwoéce



2.CAC CHIi TIEU CHINH

2.2. Qua trinh ché tao/Process

QUV trlnh phan Ioal [ Raw materials }
SHAPING [ T T 1
Casting Molding Deformation Powder Special
methods: methods: methods: methods: methods:
Sand Injection Rolling Sintering Rapid prototype
Die Compression Forging HIPing Lay-up
Investment Blow molding Drawing Slip casting Electro-form

L | | | J

Machining: Heat treatment:
Cut, turn, plane Quench, temper,

drill, grind age-harden
JOINING
Adhesives: Welding: Fasteners:
Flexible, MIG, TIG, solder, Rivet, bolt,
rigid hot gas and bar stable, sew
FINISHING '
Polish: Coating: Paint/Print: Texture:
Electro-polish, Electro-plate Enamel, pad print Roll, laser
lap, burnish Anodize, spray silk screen electro-texture

The classes of process. The first row contains the primary shaping processes; below lie
the secondary processes of machining and heat treatment, followed by the families of
joining and finishing processes.



2.CAC CHIi TIEU CHINH

2.2. Qua trinh ché tao/Process
Quy trinh phan loai

Kingdom Family Class Member Attributes
/Materlal )
Joiai Casting Com;?ressmn Shape
g . Rotation Sop tAD
Deformation /' Transfer g
) Moldin Injection Minimum section
— Shaping " Tolerance
Composite Foam
\ Extrusion Roughness
Finishing Powder Resin casting Minimum batch size
Prototyping Thermoforming Cost model
Biow molding Supporting information
o
i

. 8
A process record



2.CAC CHIi TIEU CHINH

2.2. Qua trinh ché tao/Process
Quy trinh phan loai

Kingdom Family Class Member Attributes
Braze ( Material A
Adhesives iiﬂﬂr Joint geometry
Joining Welding Gas Size Range
Fasteners a-beam Section thickness
Hot gas Relative cost ...
Hot bar ... kS:morﬁng information )
Process | —shaping
Heat treat ( Material A
Paint/print Electroplate Purpose of treatment
Finishing /. Anodize Coating thickness
Powder coat Surface hardness
Polish
Metalize ... Relative cost ...
Texture ... kSWFWﬂﬂﬂ B T )
" ,J

~
Process records



2.CAC CHIi TIEU CHINH

Chi tiéu chinh can can nhac khi lwa chon vat liéu TT

> Hinh dang san pham/Shape



2.CAC CHIi TIEU CHINH

2.3. Hinh dang san pham/Shape

Function Shape

Shape factors for
bending and twisting

Material Micro shape factors

Indices that include shape

Co-selection of

Process material and shape




2.CAC CHi TIEU CHINH

2.3. Hinh dang san pham/Shape

< Tam quan trong cta hinh dang?
« C6 thé dwoc str dung dé tadng hiéu qua co hoc.

- Hinh dang mang tai trong udn, xoan va nén doc truc hiéu
qua hon so v&i vat ran.

< Yéu to hinh dang
« Po lwdng hiéu qua st dung vat liéu (mat cat ngang).

« Khi nao can thiét ké lai hinh dang hé sb hinh dang xuat hién
trong biéu thirc cho céac chi so.



2.CAC CHIi TIEU CHINH

2.3. Hinh dang san pham/Shape
Yéu to hinh dang

]
Material Macro-shape Shaped material

Mechanical efficiency is obtained by combining material with macroscopic shape. The

shape is characterized by a dimensionless shape factor, ¢. The schematic is suggested by
Parkhouse (1984).
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g san pham/Shape

2.3. Hinh dan

Yéu to hinh dang

N

Material with both
micro and macro-shape

Macro-shape

Material
with micro-shape



2.CAC CHIi TIEU CHINH

2.3. Hinh dang san pham/Shape
Yéu to hinh dang

@ ] . ot oo 4[]
y

Common modes of loading and the section-shapes that are chosen to support them: (a) axial
tension (b) bending (c) torsion and (d) axial compression, which can lead to buckling.



2.CAC CHi TIEU CHINH

2.3. Hinh dang san pham/Shape
Yéu tod hinh dang

Moments of sections, and units

Section shape Area A Moment | Moment K Moment Z Moment Q Moment Z,
(m) (m*) (m") (m*) (m*) (m*)
%
%/ ]" bh bh E(I -0 sa‘-’) s b b’
% 12 3 “h [ (3h + 1.8b) 4
=% (h > b) (h>b)
Vi, d Vid @ @ 3
4 323 80 32 20 64
m T oa ] s T
mr y IS 5" i 5" 3 o
2
T ma’b? 3 T 39°b
(a<b)
- ZE- =) - (=) o (18 = of) )
(- o
=~ 2mrt ~ mrt & 2mrt =~ mrit =~ 2mrit ~ mrt
2tbh? ty4 I b t2 h
2(h + b) m(l --) 3h t(l -33) ztbh(l --) bhz(l+ﬁ)




2.Basic Criteria need to considered

[ All materials ]

Chién Iwvoc lwa chon

Translate design requirements

express as function, constraints,
objectives and free variables

Screen using constraints:
eliminate materials that
cannot do the job

Rank using objective:
find the screened materials
that do the job best

Seek supporting information:
research the family history of
top-ranked candidates

{ Final material choice ]




2.Basic Criteria need to considered

»

Chién lvoc lwa chon
bay duoc goi la Phurong phap Ashby (Micheal F. Ashby)

Function, constraints, objectives and free variables

Function What does component do?

Constraints What non-negotiable conditions must be met?
What negotiable but desirable conditions. . .?

Objective What is to be maximized or minimized?
Free variables What parameters of the problem is the designer free to change!

"It is sometimes useful to distinguish between “hard” and “soft” constraints. Stiffness and strength might be
absolute requirements (hard constraints); cost might be negotiable (a soft constraint).



3. QUA TRINH LUA CHON VAT LIEU

Lua chon vat liéu cho mot san phadm mdi hodc thiét ké méi

Xac dinh cac chirc nang ma thiét k& phai thuc hién va chuyén ching
thanh cac thudc tinh vat liéu can thiét.

Xac dinh cac thong so san xuat.

So sanh cac thuoc tinh va thong so can thiét voi co s6 dir lieu thuodc

tinh vat liéu I&n.
biéu tra cac vat
can bang trong
trong cac loai va

iéu U'ng vien mot cach chi tiét han, dac biét la vé su
niéu suat san xuat, chi phi, d6 bén va tinh san cé

Kich 0.

Phat trién dir liéu thiét k& va / hodc dac ta thiét ké



3. QUA TRINH LUA CHON VAT LIEU

Thay thé vat lieu trong mot thi€t ké hién cé

= D3c diém cua vat liéu hién dang dudc sir dung vé hiéu suit, yéu cau
san xuat va chi phi.

= Xac dinh dac tinh nao can dudc cai thién dé nang cao chi’c nang cua
san pham.

= Tim ki€m vat liéu thay thé va / hoac 10 trinh san xuat.

= Bién soan moOt danh sach ngan cac vat liéu va 10 trinh san xuat, va su
dung ching dé udc tinh chi phi ctia cac bd phan dugc san xuét.

= Panh gia két qua cua budc 4 va dé xuat vat liéu thay thé.



3. QUA TRINH LUA CHON VAT LIEU

Hai cach tiép can khac nhau dé lua chon vét liéu

= CO hai cach tiép can dé giai quyét su két hgp vat liéu-qua trinh cho mot
chi tiét:

+ Phucng phap ti€p can nguyén liéu dau tién

+ Phucng phap ti€p can quy trinh dau tién

= Trong cach ti€p can vat liéu dau tién, nha thiét ké bat dau bang cach
chon mot I&p vat liéu va thu hep xudng né nhu da mo ta trudc.

= VGi cach ti€p can quy trinh dau tién, nha thi€t ké bat dau bang cach

chon quy trinh san xuét, dugc hudng dan bdi cac yéu td giéng nhau.



MATERIAL
SELECTION

Tentative Choice

of Materials

COMPONENT
DESIGN

Lua chon vat liéu trong thiét ké cau truc

Tentative Component Design
Meet functional requirements

Collect Materials Data

Cost

Density

Elastic properties

Yield strength, hardness
Ductility

Fracture toughness
Fatigue strength
Thermal conductivity
Thermal expansion coef.
Specific heat

Thermal shock resistance
Creep parameters
Oxidation behavior
Corrosion

Fabricability

Approx. Stress Analysis

Forces, torques
Bending moments
Buckling loads
Stress concentrations
Fatigue stresses
Contact stresses
Allowable deflections
Fracture toughness
Environmental constraints
Temperature
Corrosion

Preliminary Material & Process
Selection

3. QUA TRINH LUA CHON VAT LIEU

|

Detailed Specification & Design
Choice of material
Detailed stress analysis & component design

solution

Information
sufficient to
reach feasible

l

Modeling
&

simulation

prototype

Final Choice of Production Method
Quality assurance, detailed costing
Reconsider matenal choice & design if necessary




3. QUA TRINH LUA CHON VAT LIEU

Cac phuong phap lua chon vat liéu
(Material Selection with Decision Matrices)
Lam cach nao chiing ta cd thé chon vat liéu v&i ma tran quyét dinh

(How can we select materials with decision matrices?)



3. QUA TRINH LUA CHON VAT LIEU

Lua chon vat liéu véi ma tran quyét dinh

Chung t6i cd thé tach cac yéu cau thanh ba nhom:

= Tham s0 go / no-go:

Yéu ciu phai dap ing mot gia tri t6i thiéu cd dinh nhat dinh.
= cac tham so khong phan biét:

Phai dugc dap Ung néu vat lieu dugc su dung.

= Cac thong sO phan biét:

Gia tri dinh lugng co thé dugc chi dinh.



3. QUA TRINH LUA CHON VAT LIEU

Phucng phap lua chon Pugh

= Phuong phap lua chon khai niém Pugh la phucng phap quyét dinh

daon gian nhat.

D

D
K

nucgng phap nay bao gom viéc so sanh dinh tinh tung phuong an vdai

hu'gng an tham chiéu hoac phucng an so liéu, tiéu chi theo tiéu chi.

nong co tham s6 go / no go nén dugc su dung lam tiéu chi quyét

dinh.



3. QUA TRINH LUA CHON VAT LIEU

Trong sO chi sO dac tinh

= Trong phucng phdp nay, moi thudc tinh vat liéu dugc &n dinh mét
trong lugng nhat dinh tuy thudc vao tam quan trong cua nd doi vOi
viéc thuc hién dich vu can thiét. i

= Vi cac thudc tinh khac nhau co cac gia tri sO rat khac nhau, moi thudc
tinh phai dugc chia ty I1€ sao cho gia tri I6n nhat khong vugt qua 100.

f; = scaled property i

numerical value of proverty i
( f property i) < 100

largest value of i under consideration

V&i cac thudc tinh mong muon co gia tri thap haon, thuoc tinh dugc chia

t),/ 18 13 p; = scaled property i
= B (lowest value of i under consideration)

= , : X 100
numerical value of property i




3. QUA TRINH LUA CHON VAT LIEU

Trong sO chi sO dac tinh (tt)

» DGi vGi cac thudc tinh khdng dugc thé hién dé dang bang cac gid tri
sO, can phai cd6 mot so loai danh gia chu quan.
= Phucong phap phd bién la st dung thang diém 5, trong d6 khach san

dudc xép hang:
 Xuat sac (5)

. R4t t6t (4)

- Tot (3)
 Trung binh (2)

Xau (1) Yy = Z Biw;
Trong sO chi sO dac tinh y dudc tinh bdi cong thikc:



3. QUA TRINH LUA CHON VAT LIEU

Biéu d6 chi s6 dac tinh co trong s6 dé Iua chon vat liéu dé luu trir

Go/No-Go Screening

Available Weighted
in Thick Fatigue Thermal Property
Material Corrosion Weldability Plate Toughness (0.4) Strength (0.1) Stiffness (0.1) Expansion (0.1) Cost (0.3) Index
Rel. Scale [ ksi f  10°psi B pin/in°F B $/1b B y
304 stainless S S S 100 30 60 28.0 93 9.6 80  3.00 50 78.3
9% Ni steel S S S 100 50 100 29.1 97 T 100 1.80 83 94.6
3% Ni steel S S S 80 35 70 30.0 100 82 04 1.50 100 88.4
Aluminum alloy S S U

S = satisfactory
U = unsatisfactory
Relative Scale: 5 = excellent, 4 = very good



4. CAC VI DU AP DUNG

4.1 Vidu 1: Table Leg
4.2 Vi du 2: Materials for a Light, Strong Tie

4.3 Vi du 3: Heat-Storing Wall



4.1 VIDU 1: Table Leg

« Want to redesign table with thin un-braced cylindrical legs
« Want to minimize cross-section and mass without buckling

« Toughness and cost are factors



4.1 VIDU 1: Table Leg

Function Support compressive loads

Objective * Minimize mass
* Maximize slenderness

Constraints * Length specified
* Must not buckle
e Must not fracture

Free variables * Cross-section area,r
* Material

Performance Equation

2 m’ m’ 4
m = mr-lp P..i; =l—2EI =EE7"



4.1 VIDU 1: Table Leg

Use constraints to For slenderness,
eliminate free variable, r Calculate r at max load
1/2 1/4 1/4
= 172 > | — —
Y A = N
Geometric Material Functional Geometric Material
Parameters Properties Requirements  Parameters Properties
Minimize mass by Maximize slenderness by
maximizing M, maximizing M,

E1/2

Ml_ MZZE
p




4.1 VIDU 1: Table Leg

e Eliminated
* Metal (too heavy)
e Polymers (not stiff enough)
e Possibilities
* Ceramics
 Wood
* composites
* Final choice
- WOOD
e Ceramic (too brittle)
 Composites (too expensive)
* Note
* Higher constraint on modulus
eliminate wood

1000

100

-
o

Modulus (GPa)

0.1 1 10
Density (Mg / m3)

100



4.1 VIDU 1: Table Leg

Material I_ndex 1

] Boron carbide
. Silicon — o Silicon :erlda
| CFJP tri ;“‘;h“1‘r‘“*wq_‘:jffg;agff
, epoxy matrix (isotropic
1UCE poxy P ——) A
] I-hde ood: oak, along grain /

_ ] Bamboo —E’Z
& 104
O Softwood: pine, along grain
S ] RoidPolymer Foam (LD) |
=3 3 1
ko) |
S / T
o 014 e
(= = Q f :
c ]
: -
g -

0.01

¥
led4—— -

100 1000 10000

Density (kg/m”3)



4.1 VIDU 1: Table Leg

Material Index 2

Boron carbide — a-DSIIil:on carbide .
CFRP, epoxy matrix (Isotropic) 0 p
1e11 o 0
E Hardwood: oak, along grain v %ﬁg})
Bamboo \)h
ot Sottwood: plno.alom ﬁf@ -
e

e —
W

— c%%@))

)
() 100
N

””100 T — 'r”{lmo ¥ ¥ ,,.,.1,0UDU
Density (kg/m*3)

/)
/

Young's Modulus (Pa)
|
=)

DCO




4.1 VIDU 1: Table Leg

Fill the table below based on the your group project task.

Tén tiéu chi Mo ta

Chlrc nang

Muc tiéu

Rang budc

Cac bién khac




4.2 VI DU 2: Materials for a Light, Strong Tie

Q

Q

a

a

Function:

- Support atension load
Objective:

« Minimize mass
Constraints:

- Length specified

- Carry load F, w/o failure
Free variables:

= Cross-section area
- Material

F =

N

Area, A L

o Objective:
= m = AlLp
a Constraint:
- F/A < oy

=F



4.2 VI DU 2: Materials for a Light, Strong Tie

a

Q

a

Q

Objective:
= m = AlLp
Constraint:
« F/A < oy

Rearrange to eliminate
free variable

m Z(F)(L)é?y

Minimize weight by 14
minimizing




4.2 VI DU 2: Materials for a Light, Strong Tie

* Minimize mass, m, of a solid cylindrical tie rod of length L, which
carries a tensile force F with safety factor S;. The mass is given by :

m = ALp
where A is the area of the cross section and p is the density.
This is called the Objective Function

* The length L and force F are specified; radius r is free

* The section must, however, be sufficient to carry the tensile load F,

requiring that :
F _ O'f

A S

where oy is the failure strength



4.2 VI DU 2: Materials for a Light, Strong Tie

Fill the table below based on the your group project task.

Tén tiéu chi Mo ta

Chlrc nang

Muc tiéu

Rang budc

Cac bién khac




4.3 VI DU 3: Heat-Storing Wall

o Outer surface
heated by day

a Alr blown over
Inner surface to
extract heat at
night

o Inner wall must
heat up ~12h after
outer wall

/

Air flow to
extract heat
from wall

Heat Storing Wall

////////////////////////////




4.3 VI DU 3: Heat-Storing Wall

o Function:
- Heat storing medium

o Objective:

- Maximize thermal energy
stored per unit cost

a Constraints:

= Heat diffusion time ~12h
- Wall thickness £0.5m
- Working temp T,,,,>100 C

o Free variables:

- Wall thickness, w
- Material

Heat content: Q =wpC AT
Heat diffusion distance:

w =+ 2at
C, = Specific Heat

~

a= Thermal Diffusivity =

oC

p
A= Thermal Conductivity



4.3 VI DU 3: Heat-Storing Wall

Eliminate free variable: Thickness restriction:

0 Z\EATallzpCp o W2

Insert Ato obtain 2t

Performance Eqn: For w<0.5m ?nd2t=12h:
1 M,=a<3x10 m /s

Q=T

A

Maximize: M, = 2



4.3 VI DU 3: Heat-Storing Wall
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4.3 VI DU 3: Heat-Storing Wall

Fill the table below based on the your group project task.

Tén tiéu chi Mo ta

Chlrc nang

Muc tiéu

Rang budc

Cac bién khac




