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ABSTRACT

The trend of using vehicles is driven by their function,
efficiency, and safety. The materials used in vehicle construction
play a crucial role in achieving fuel economy and reducing
vehicle size, while still ensuring necessary safety features. As the
world's auto industry evolves, there is a growing focus on
developing new materials, redesigning existing ones, and
carefully selecting appropriate materials. This article explored
the various materials used in classic, traditional, and modern
vehicles, with a particular emphasis on their mechanical
components. Additionally, it includes an illustrative calculation
of vehicle noise and vibration, which involves a combination of
steel plates and composites.
TOM TAT

Xu thé sir dung 6 t6 la theo chikc ndng, hiéu qua va an toan.
Vat liéu ché tao xe sé dong gop tiét kiém nhién liéu, giam khoi
lirong xe trong khi van dam bao cdc tinh ndng an toan can thiét.
Nganh cong nghiép 6 té thé gidi thay doi theo hwéng phdt trién
cdc vt liéu moi, thiét ké lai vat liéu hién co va lya chon vt liéu
hop Zy Bai viét nay da trinh bay vé vit liéu sir dung trén cdc logi
016 cé dién, 6 t6 truyén thong va 6 16 hlen dai, tap trung vao phan
co khi. Mét tinh toan lam minh hoa vé rung on va dg cung than
xe (NVH) lién quan dén mot sé vat liéu khac nhau tir thép tam,
vdt liéu tong hop.
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1. GIOI THIEU
Qua trinh phat trién vat lidu trén 6 t6 c6 thé
tir chiée xe dau tién c6 khung xe bang gd dugc

a) Chiéc xe khung thép dau tién

thay thé bang khung thép chay véi toc do tdi da
10 dam/gio (khoang 16 km/gid) 6n dinh va
manh m¢ (Hinh 1).

b) Chiéc xe vo thép dau tién

Hinh 1. Nhirng chiéc xe khung thép va vo thép diu tién trén thé giéi [11]

Thu nghiém va cham 6 t6 da dua ra tinh nang
an toan vé6i ving khong gian séng sot ctia hanh
khach va st dung thép cuong dé cuc cao (Hinh
2), viing han ché bién dang bang thép c6 hé sd
dan hoi cao va hgp kim Vanadium dép tng
dugc yéu cu d6. O t6 hién dai 13 sy két hop cua
cac loai vat liéu trong do6 c6 thép siéu bén nhe
hon dugc két hop véi vat liéu nhom va soi
carbon.

Hinh 2. Chiéc xe vé thép diu tién bi tai nan

Gidi1 han cua bdo cao nay tap trung vao vat
liéu mdi trén khung vo 6 t6: Co thé nhan thay
rang, khung vé 6 t6 ndi chung (gdém 6 t6 truyén
thong va 6 t6 hién dai) dugc ché tao tir nhicu vat

liéu khac nhau, trong dé nhirng vat liéu chinh 1a
thép, nhom, magié, déng, titanium, nhura va soi
carbon. Viéc lua chon ty 1€ vat liéu ché tao xe 6
t6 hién dai can dap mg nhiing dac diém phi hop
vGi su phat trién kinh t& x3 hoi va yéu ciu cia
khach hang, than thi¢n vdi con nguoi, hinh dang
6 t6 ¢6 phong cach d6i méi, toc do chuyén dong
trung binh tang, xe than thién véi moéi truong.
Céac vat lidu ché tao xe dugc lua chon cin dam
bao tinh ning phi hop vé6i yéu cau cu thé cua
chi tiét. Co hai ly do chinh khién viéc lua chon
vat lidu 1a dé thiét ké mot san pham hién c6 dé
¢6 hiéu suét tot hon, chi phi thép hon, tang do
tin cdy va giam trong luong va dé chon vat lidu
cho moét san pham méi [1],[2]. Vat liéu
composite, nhua va polyme 1a mot trong nhiing
lga chon thay thé duge va chudng rong rai dé
giam trong lugng cua 6 t6 vi ching c6 do bén
va dap cao, kha ning chong moc dé dang, dé cai
thién tinh tham m§ [3],[4],[5],[6]. Mot sb
nghién ctru thuc nghiém cho thay khi giam 10%
trong lugng xe thi lugng ti€u thu nhién li¢u
giam 5-7% va tac dong dén phat thai GHG tur
vong doi cua xe (Bang 1) [7].
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Bang 1. Tac dong ciia vat liéu nhe doi véi phat thai GHG tir vong doi ciia xe

Powertrain Internal combustion engine

Car type (base) Mid-size car

Material Conv. steel Ady. steel Al Mg CFRP
Potential weight saving (%)' 0 19%  30% 37% 37%
Estimated curb wt. (Ib)? 3370 2729 2359 2123 2123
Estimated Curb wt. (kg) 1528 1238 1070 1024 1024
$/kg saved in vehicle weight? $ - +$0.50 + $5.00 + $6.50 + $10.00
Fuel Economy (MPG)* 34.40 39.68 43.54 4642 4642
GHG Emissions (metric tons of CO2-eq)’

Pre-manufacturing 4.29 429 551 13.13 13.13
Manufacturing 1.74 1.74  1.70  1.81 1.81
Use 69.77 60.49 55.12 51.70  51.70
End-of-life® —1.18 -1.18 —3.33 —10.00 0
Total LCA GHG (metric tons) 74.62 65.34 59 56.64  66.64
Percent Reduction 0 —-12% 21% —24% —11%

Ty 1& cac vat lidu tong hop theo khdi luong
trén mot xe 6 to trung binh da tdng tir 6% nam
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Hinh 3. S thay déi ty 1¢ sir dung vt liéu trén mot xe 6 to

2. PHUONG PHAP
Bai viét ndy 4p dung phuong phép nghién
ctru dinh tinh qua viéc tong hop céc tai liéu co
lién quan.
3. KET QUA VA THAO LUAN
3.1 Co sé khoa hoc lyra chon vat li€éu moi trén
0 to6 hién dai
3.1.1 Yéu cau ciia cdc vit liéu méi trén 6 t6
Lua chon vat liéu cho xe 12 yéu t6 dau tién
va quan trong nhat dbi véi thiét ké 6 t6. Cac

vat liéu can phai dap tng mot sb tiéu chi vé
moi truomg, tinh an toan va yéu cau cia khach
hang gom:

- Trong lwong nhe nham giam tiéu thu nhién
liéu tang tinh than thién véi moi truong.

- Hiéu qua kinh té nham giam chi phi trong
san xudt va van hanh.

- An toan, kha ning hp thu ning luong tir
tac dong bén ngoai nham kiém soat va ting
khong gian séng s6t cho hanh khéch.

102



Tap chi Khoa hoc va Kinh té Phdt Trién T ruwong Dai hoc Nam Can Tho

ISSN: 2588 1272. S6 24 (2023)

- Kha nang st dung lai/ tai ché va vong doi
clia chi tiét.

Do bén va khéi lugng riéng nhing dic tinh
co ban cua vat liéu. Nhiéu chat déo va vat liéu
téng hop polyme c6 mét d6 thap hon dang ké so

vé6i kim loai va hop kim trong khi d6 bén van
dam bao va chi tiét nhe hon nén viéc lya chon
vat liéu theo su déng hoa cua ba loai vat li€u co
ban va c6 thé tham khao trén Hinh 4.

L]

]

¥

Tenslle strength (ks)

Metais and alloys
i
i (]
Iy i
L f
- i i
.‘"_‘.
i :
&
%
2
.

&
Density (Ib/in~3)

o

Hinh 4. Pac tinh lya chon vét li€u trén 6 t6

3.1.2 Lya chon vdt lidu ché tao than vé 6 t6

Lua chon vat liéu ché tao chi tiét 6 t6 duoc
xac dinh dua vao hiéu qua st dung vat li¢u P
trén mot chiée xe 6 t6, n6 1a mot ham dugc xac
dinh bang cong thirc (1) [10].

P=f(F,G,M) (D

Trong d6 F, G, M 1a nhitng ham s lién quan
dén yéu cau két cdu xe trong d6 c6 thong s tai
trong va hé ) do bén chi tiét (F: Function carry
load), thong s6 hinh hoc (G: Geometry) cua chi
tiét va dac tinh vat liéu (M: Material properties).
Do két cdu xe 1a su ghép ndi phirc tap tir cac chi
tiét roi véi nhau nén da sb cac truong hop déu
co F, G, M doc lap nhau va tach roi theo cong
thae (2).

Pe=fi(F) x /x(G) x (M) (2)

Khi d6 viéc lua chon vat lidu s¢€ giéng nhau
d6i vai tt ca cc yéu cau vé két cu (F) va dang
hinh hoc (G) cta chi tiét va hiéu qua st dung
vat liéu s& duoc toi wu hoa theo thong sb f3(M)
phu thudc chinh vao déc tinh vat liéu (M).

Thiét ké chi tiét theo tiéu chi nhe va do
bén uon:

Thiét ké mot tAm vo 6 t6 theo tidu chi nhe va
dam bao d6 bén udn khi chiu tai F, chiéu dai
tam L, chidu rong b, chidu day d, khdi lugng
riéng p.

Khdi lugng m, cta tim phoi bat ky dugc xac
dinh bdi cong thuice (3).

my=pxbxdxL (kg) (3)

D6 bén udn cua tim duoc xac dinh boi cong
thirc (4).

3FL
MARETYE ®

Thay d tir (3) vao (4) cho tAm ché tao chi tiét

cu thé ta c6 (5).

3FL 3FL( pbLY’
o, = > = (%)
2b(m/dL)}  2b \ m

Va nhén duge khoi luong tam tinh theo do
bén uon (6).

3FL’D
e
Oy

—AxB  (6)
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A; La ham kich thu6ce va 1a ham diéu kién bién
ctia tim, B; La ham dic tinh vat liéu. Khi hiéu qua
str dung vét liéu 16n nhét thi ham sé M; 1a nghich
dao clia B, thé hién trong phuong trinh (7).

1/2

M, = O

Yo
Thiét ké chi tiét theo tiéu chi dé cung uon:
bo cung udn cua tAm duogc xac dinh bé‘lng

(7

cong thuc (8).
CEI
S =" (®)

Cla héng sd phu thudc vao su phan b6 tai trong
tap trung hay phan bd déu, E 1a mé dun dan hdi
vat li€u, /1a m6 men quan tinh (/ = bxd*/12).

Tuong tu cach phan tich ¢ trén ta nhan dugc
khoi lwong tam tinh theo d6 cimg udn (9).

125
i/%x(bl,z)x( P

JE
A 1a ham diéu kién bién, B, La ham kich
thudc tdm, C> La ham dic tinh vat liéu. Khi
hi¢u qua st dung vat li¢u 16n nhét thi ham sé
M> 1a nghich ddo cua C> thé hién trong
phuong trinh (10).

]=A2XBZ><C2(9)

(10)

Thiét ké chi tiét theo nhitng tiéu chi khdc:
Tuong tu ta xac dinh ham s6 M theo nhiing
tiéu chi khac.
Bang 2. Pic tinh cac vit liéu ché tao than vé

Xe

M;theo chi phi thiét k& thap vé6i hé s6 C,, gia
thanh /kg vt liéu (11).

Jo,

M, =L (11)

M, theo hé sé chi phi thip nang lugng ¢ va
d6 bén udn (12).

_N%
qp
Mstheo hé s chi phi thip nang luong ¢ va

d6 ctrng udn (13).

M, (12)

(13)

Mstheo hé s6 chi phi thiét ké thap véi hé sb
C,, gia thanh /kg vét lidu (14).

(14)

Céc vt liéu méi duoc lua chon ché tao than
VO 6 to:

Viéc lua chon vat liéu méi ché tao cac chi
tiét than vo 6 t6 can t6i uu theo cac hé sb thiét
ké dam bao hiéu sudt sir dung vat liéu. Cac chi
sb chinh vé dac tinh vat liéu g@)m chi tiéu d bén
o, md dun dan hoéi E va khdi lugng riéng p..
Nhiing vat liéu chinh dugc chon cho ché tao
than vo xe gdm c6 thép tdm va céc loai vat lidu
téng hop (composite) néu trong Bang 2.

Structure Composite Composite Epoxy E-glass UD
Steel E/c-f.fb E/g-f, QI

Density 7.850e-006 1.515e-006  1.904e-006 2.0e-006
(kg mm~-3)

Young's Modulus 200000 60930 19970 X;Y;Z direction:

(MPa) 45000;10000;10000

Poisson's Ratio 0.3 7.616e-002 0.3065 XY;YZ;XZ

direction:0.3;0.4;0.3

Tensile Yield Strength 250 642.1 479.9 X;Y;Z

(MPa) direction:1100;35;35

Tensile Ultimate 460 642.1 479.9 X;Y;,Z

Strength (MPa) direction:1100;35;35
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3.2 Cong nghé ché tao vat liéu composites
diing cho 6 to

Vit liéu composite c¢é trién vong ung dung
trong nhiéu linh vuc san xuat va trén 6 to, tau
hoa; thay thé hang ngoai nhp vdi gia thanh chi
dao dong tir 250-300 nghin/m? (san pham nhap
ngoai gid khoang 1 - 1,5 triéu/m?). Trong nudc
da c6 nhitng nghién cru cong nghé ban dau dat
dugc két qua kha quan.

Vo6 Thanh Phong (Vién khoa hoc Vit li¢u)
da nghién cuwu, ché tao vat liéu composite co
chtra t6 hop chét chdng chay trén co s¢ hop chat
chtra brom (Br) va phdtpho (P). Vit liéu chira
hén hop 2% P va 6% Br cho tinh chit co ly tdt
nhét, dat murc tu dap ltra cao, ham luong phu gia
chéng chay khong anh huong dén d6 bén axit
cua vat liéu.

Poan Thi Thu Loan (Pai hoc Pa Nang) ché
tao vat li€u composite tir nhya vinyl este va soi
day. Dé ting @0 két dinh, xtr Iy bé mat soi bang
dung dich kiém; két hop kiém véi dung dich
isocyanate, ddng thoi, ap dung phwong phép gia
cong “Puc chuyén nhua dudi chan khong”,
giam dang ké luong bot khi trong san pham va
tang sy tiép xuc gitta nhua va soi.

B’ 7| min

a) Xe bus 29 chd ngdi

Nguyén Vil Giang (Vién K§ thuat nhiét déi,
Vién KH-CN Viét Nam) dd ché tao vat licu
composite trén co sé nhua polylefin va bot go,
ung dung lam vat liéu xay dung, kién trac noi -
ngoai that” trén co so cai tién trén cong nghé
ctia Pirc. Khi bot gb chua dugce xir ly trude, nén
kha ning twong tac v&i nén nhya chua tot, san
pham van c6 d6 hit nuéc cao. Néu sir dung
phuong phép truyén thong (ép sau, tao 16p lién
tuc...), chi ché tao duoc cic vat lidu cé hinh
dang don gian, khong ché tao duoc céc vat lidu
¢6 cac hinh dang phirc tap: Mit cong, do rong,
chi tiét phu tiing 6 to.

3.3 Két qua ing dung
3.3.1 Phan tich mé hinh phan tir hitu han vé xe

Xe bus duoc lua chon ing dung loai 29 chd
(Hinh 5a). Cau tric vo xe bus thong thuong gdm
6 mang san, noc, suon bén trai, suon bén phai,
trude va sau xe ghép véi nhau bang két ciu han
thanh mot khoi hinh hop cing. Cac thanh tiét
dién ngang hop hodc chir L lam khung xuong.
Trén vo xe con ¢ cac tm kinh va cac gioing
cao su (Hinh 5b).

b) Cau triuc 6 mang than xe

Hinh 5. Cau trac cac mang cia than xe bus

Gia thiét rang cac tdm kim loai, khung
xuong va kinh cung goang kinh dugc ghép
cung voi nhau va khong chiu anh hudng cua
cac cum phu trg trong ndi that xe nhu cac tim
bp, trang bi ciia thanh trong, tran xe, ghé ngdi
va ndi that. Vo xe 1a mot két cau hé vat ran
(rigid body) theo dinh ludt Lagrange II.

Phuong trinh phan tir hitu han (PTHH) cdu tric
than xe theo phuong trinh (15).
[M]{5)+ [CI +[K]{xp ={F} (3)
[M], [C], [K] 1a c4c ma tran khéi luong, ma
trn can, ma tran d6 cimg cua két cdu, {F} 1a véc
to luc tac dung, {x} la véc to chuyén vi.
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a) Chia lwéi két ciu xe

¢) Chia lw6i mién khong Khi

b) Khéi khong khi bén trong khoang xe

d) Mién khéong khi bén ngoai khoang xe

Hinh 6. Chia lwéi cau tric thian xe va cac mien khao sat trén xe bus

Chia ludi md hinh than xe nhan duoc so céc
phan tir bang s6 phan tir trong cic ma trdn va
véc to cia phuong trinh. Trén moé hinh cé hai
mién 1a mién cdu tric v6 xe hinh 6a va mién
khong khi bén trong khoang xe dugc khép kin
boi vo xe hinh 6b va mién khong khi bén ngoai
xung quanh xe (Hinh 6c,d).

Khéi khong khi bén trong khoang xe c6 thé
tich 33 m® vé6i cac kich thude cua xe (chiéu

dai Dx 1a 7.5 mét, chiéu rong Ry 13 2 mét va
chiéu cao Cz 14 2.2 mét). Khdo sat khoi khong
khi bén ngoai xung quanh xe co kich thude
hinh khdi chit nhat c6 kich thuéc bang 1,5 1an
kich thude theo céac chiéu vo xe. Lua chon nay
la tuy y va phu thudc vao nang luc cua may
tinh. S6 lugng nit va phan tir ciia mo hinh néu
trong Bang 3.

Bang 3. SO lwgng nit va phan tir ciia mé hinh khio sat

Element size S6 S6 phan

(mm) nut/Nodes ti/Elements

Xe (Body Structure) 10 54597 51583
Mat duong (Concrete) 50.5 21470 2976
Enclosure (Air box) 55.2 386941 92392
Téng cong 463008 146951

Vit liéu ché tao than xe ban dau 1a cac tAim
mong kim loai day 1.0 mm. Cac vat li¢u lua
chon thay thé 13 ba loai vat lidu tong hop (1)
Composite, Epoxy/carbon fiber, resin infused
fabric, biaxial (Viét tit 1a Composite, E/c-f, nd);
(2) Composite, Epoxy/glass fiber, UD prepreg,
QI (Composite, E/g-f, QI); (3) Epoxy E-glass
UD la vat liéu da hudng.

3.3.2 Tan s6 dao dong riéng ciia vo xe

Xét vo xe dao dong cuing khdi khong khi bén
trong khoang xe. Tan s6 dao dong riéng clia vo
xe dugc tinh gan dung bang cong thic (16).

;oL (mj+ nz Z(Lﬁf (16)
™ 22\ Dx Ry Cz

¢ 14 van tdc Am trong khdi khong khi; m,n,l
1a cac s6 nguyén; Dx,Ry,Cz kich thudc khéi
khong khi khoang xe.

S tan s6 dao dong riéng (s6 mode) k dugc
xac dinh boi cong thuc (4.3), ¢ d6 voi A la bude
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song cua dao dong dugc tinh badi cong thue (17)
v6i o 1a tan s6 dao dong riéng.

k=277[ (17)
4%:% (18)

Danh gia chat lugng cua xe theo tiéu chi dao
dong bang cam nhan cua khach hang luon 1a van
de can thiét va can c6 dinh lugng cu thé. Nhiing

Bang 4. S0 modes shape ciia vé xe theo loai vat li¢u

tan s6 dao dong trong diy dudi 100 Hz dwoc
danh gia bang cudong do dao dong, trén 100 Hz
té1 hang ngan Hz (10.0 KHz) dugc coi la am
thanh to ¢ cudong d6 sic nét. Viéc xét day tan
s6 nao s& theo tiéu chi ving mién cua khach
hang noi do, ta s€ khao sat xe Bus County trong
day tan 6 tir 0 dén 1500 Hz va nhan dugc sd
dang dao dong khéac nhau theo tirng loai vat li¢u
1am vo6 xe d3 néu ¢ trén. S lwong modes shape
ctia két cdu néu trong Bang 4.

Structure Composite, Composite, Epoxy E-glass

Steel E/c-f,fb E/g-f, QI UD

Mode shape 600 650 1000 1000
Tan s6 dao dong riéng 1500 1500 1500 1500

16n nhét (Hz)

Tir ddy s& x4c dinh ving tan sé cong hudng
khi tan s6 Iyc kich thich gin hodc dung véi tin
s6 dao dong riéng nay.

3.3.3 Rung én cua vo xe

Phuong trinh PTHH trong mién chét 1ong 13
khoi khong khi bén trong xe (v6i on trong) va
khéi khong khi bén ngoai xung quanh xe (véi
on ngoai) theo (19).

M,P+B,P+K,P—Aii=S, (19)

O do, Mp, Bp, Kp, Sp 1a cac ma tran khéi
lugng, ma tran dan hdi, ma tran do cung va véc
to ngudn ctia mién chit long. Ma tran A 1a ma
tran giao dién (interface), u (hai chim) Ia gia toc
cta ludi cdu tric tai giao dién (gradient ap sudt
tai giao dién s& bi anh hudng boi gia toc cua cac
nat cu trac).

Phuong trinh phan tir hitu han rung 6n trong
mién céu tric ciia vo xe theo (20)

Mii+Bu+Ku+A"P=S, (20)

O do, tuong tu mién chat long, AT la ma tran
chuyén vi - bi anh huong boi cac thong sé cla
vat liéu va u (hai chdm) 1 ap suat chét 1ong —
khdi khong khi 1én bé mit giao di¢n — interface
cAu tric vo xe (dich chuyén, van toc, gia tdc cua
céc niit cau tric s& bi anh hudng boi ap suit cia
cac nit chat 16ng). Tap hop lai cho ca mién
khong khi va mién céu tric vo xe ta nhan duoc
phuong trinh PTHH (21) v&i bién dau vio 1a cac
thong s6 cua loai vat liéu ciu tric vo xe.

M. o |[i] B, O0]u] |K, A"|[ul_|S,
KA HE AR
@2y

Giai cac phuong trinh bang phuong phap mé
phong s6 PTHH trong phan mém Ansys
Workbench 19R1.
3.3.4 Rung xe trén duong
Khi xe trén duong c6 cac luc kich thich tir mat
dudng 18n cac 16p va 1én 4 diém sat xi (Hinh 6).
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Hinh 7. Téng hop Road Reaction Force

M0 hinh dét lyc 1én xe trén dudng néu trong dung tr mat dudng 1én lép. Cac diém E,F,G,H
Hinh 7 Céac diém A,B,C,D la cac diém luc tac 1a cac diém luc tac dung Ién sat xi (san xe).

A: Dao dong xe bus
Harrmonic Response
Frequency: 0. Hz
6/21/2020 3:00 PR

El Bxe sau trair (Realy 0,34574, (mag) O, mim
Be truoc trai: (Real) 1.9367, (mag) 0. mm
Bxe sau phait (Realy 018907, (mag) O mm
@ Bxe truoc phai: (Real) 1.5522, {rmag) 0. rmm
[EI Ot chassis truoc traid (Real) 1.0056e-009, (mag) 0. mm
E O chassis truoc phait (Real) 2007, (mag) & mm
Or chassis sau trait (Real) 0.55008, {lrmag) 0. rmm
E Ok chassis sau phait (Real) 1,959, {mag) O mm

. Fixed Support

Hinh 8. M6 hinh dat lyc xe trén dwong

3.4 Thao luan on trong khoang xe (dB) néu trong Hinh 9.
Céc ket qua khao sat on trong, nhin truc Tuong tu cling lay dugc muc dp am (dBA)
quan trong mét phang doc qua trong tam xe vdi phuc vu thi nghiém kiém chiing do trén nhiing
20 hinh anh phd mau tuong tng tung 50 Hz thiét bi mirc dBA.
ctia pham vi tir 50 dén 1500 Hz, phan bd mic
200 - i : : ; ; : P
]BO_SpL(dB)._ | ] B I |
160 | Pog e 1 I i i
140 ? T * %
120 s | ]
100
8{] =
40 - 1 | 1 I ! | ! {
ol I [ [ [ | | || Feaps]
¢ 150 300 450 600 750 900 10501200 13501500
—a— Steel —=— C.Epoxy/fcarbon
—— C.Epoxy/glass —=—Epoxy E-Glass

Hinh 9. Mirc 4p 4m Sound Pressure Level — SPL (dB) ciia xe twong rng 4 loai vat liéu
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Hinh 10. Bién d¢ dao dong than xe theo phwong thing dimg Y

C: On do cong huang Reaction Forces an chassis
Sound Pressure Level - 50, Hz

Type: Sound Pressure Lewel

Frequency: 50, Hz
Amplitude

Unit; dB

6/9/2020 2:34 PM

188.69 Max
184.35
180,01
175.67
17133
166.99
162.66
158,32

153.98
149.64 Min

Mirc 6n & tan s6 50 Hz
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