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NGHIEN CUU ANH HUGN(j CUA KET CAU BANH NEN
TG1 D0 BEN VA CONG SUAT BO TANG AP DONG CO
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TOMTAT

Bai bao trinh bay két qua nghién ctiu do bén va cong sudt dong co Toyota 3C khi thay d6i cdu tric va s6 canh cia banh nén trong b tang ap dong co. Mo
hinh 3D ctia cdc banh nén khac nhau dugc tao bang phuong phap ky thudt ngugc, mo phong dugc thuc hién trong mdi trung ANSYS véi cac toc d6 quay truc tua
bine Ian lugt Ia 10.000rpm, 15.000rpm and 20.000rpm. D€ dénh gid cdng sudt ddong ca, cdc banh nén véi s6 canh khac nhau dugc gia cong trén mdy phay (NC5
truc. Cac thi nghiém trén bé thi nghiém dugc thuc hién @€ déi chiéu véi banh nén mau ciia bd tang ap CT9. K&t qua nghién ctu cho thdy cac banh nén lam bang
hap kim nhdm, véi cdu tric, s6 canh la dugc chon lam viéc vdi toc do trong khoang 10.000rpm dén 20.000rpm ddm bao dd bén. Bo tang ap CT9 ¢d banh nén véi
4 canh don khi lam viéc véi toc do trén 2000rpm cho cong sudt ddng co luon cao hon cac trudng hap con lai.

Tirkhéa: Cdu tric cdnh, bdnh nén, cong sudt dong ca, bé tang dp, iing sudt von-Mises.

ABSTRACT

This article presents the results of studying the durability and capacity of the Toyota 3C engine when changing the structure and number of blades of the
compressor wheel in the engine turbocharger. 3D models of different compressor wheels were created using reverse engineering method, simulations were
performed in ANSYS environment with turbine shaft rotation speed of 10,000rpm; 15,000rpm and 20,000rpm, respectively. To evaluate engine power,
compressor wheels with different blade numbers were machined on a 5-axis CNC milling machine. Test stand experiments were performed for comparison with
a sample compressor wheel of the (T9 turbocharger. Research results show that the compressor wheel is made of aluminum alloy, with the structure and number
of blades selected to work at speeds from 10,000rpm to 20,000rpm to ensure durability. The CT9 turbocharger has a compressor wheel with 4 single blades when
working at speeds above 2000rpm, helping the engine power always be higher than in other cases.

Keywords: Blade structure, compressor wheel, engine power, turbocharger, von-Mises stress.
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1. GIGI THIEU gian nd sinh cong, trudc khi thai ra ngoai va dung coéng

B tang ap dong ca la thiét bi dugc van hanh bai chinh
khi thai cia dong co lam tang hiéu suat dong co bang
cach nén khong khi vao cac buéng dét, lam cho qua trinh
chay triét dé hon, khéng nhiing tiét kiém nhién liéu ma
con lam giam khi thai gdy 6 nhiém moi truong. Khi su
dung bo tang ap thi lugng khi thai & nhiét do cao tiép tuc
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ay dé dan dong may nén tang ap sé cé thé nang cao cong
suat c6 ich ctia déng co [1-3].

Banh nén (compressor wheel) la mét trong nhiing
thanh phan chinh cta b6 tang ap dong cag, ching c6 cau
tao rat dac biét vai cac bé mat cong tu do. Thiét ké, ché
tao turbocharger la bi mat cong nghé clia cac hang san
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xudt chuyén vé dong cao 6 t6, ddng co may bay, day cling
la bi mat qudc gia clia cac nudc cong nghiép phat trién.
Do hiéu qua to Ién ma turbocharger mang lai cho cac loai
dong co khac nhau nén hién nay nghién ctu vé nhiing
ndi dung lién quan téi turbocharger van la cac dé tai dugc
nhiéu nha khoa hoc & cac nudc dang phat trién rat quan
tam [1-3]. VGi muc dich ctia du an la ché tao canh quat cho
b6 tang ap co thiét ké linh hoat va tiéu tén it thoi gian
Mallikarjuna va U chandrashekar da tich hgp ky thuat
thiét k€ ngugc (reverse engineering, RE) va tao mau
nhanh (rapid prototyping, RP) dugc goi la ky thuat
Stereolithography apparatus (SLA) [4]. Ky thuat SLA mang
lai su linh hoat trong thiét ké véi chi phi gidm va né cé thé
dugc st dung dé truc quan héa, thir nghiém co hoc.
Trong nghién ctu ctia minh Aye Aye Thet da phan tich
Ung suat Ién canh tuabin ctia b tang ap st dung trong
doéng cao diesel 6 t6 118 kW véi ba loai vat liéu khac nhau
va s6 canh tir 11 dén 7 dé chon vat liéu va sé canh phu
hgp. Mé hinh dugc tao bang phan mém Solid Works va
phan tich trén ANSYS 16.0 [5].

Phan mém SolidWorks, Inventor,... da dugc nhiéu
nhém nghién ctu st dung trong thiét ké va mé phong,
ANSYS st dung dé phan tich cau trac ung suat Von-
Mises, chuyén vi va bién dang téng clia banh nén ctia bo
tang ap dong co [6-9]. Vat liéu ché tao banh nén cling
da co6 nhiéu nghién ctu nhung phan Ién van chon s
dung hgp kim nhém [2-4, 6-9]. Vé gia céng, hién nay co6
ba phuong phap chu yéu dé gia cong banh nén ciing
nhu banh turbine. D6 la phuong phap duc, phay trén
may CNC va in 3D kim loai. Trong dé, duc la phuong
phap ché tao kinh dién va phé bién nhat [16]. Lé Hong
Ky va cac cdng su da cong bé mét sé két qua nghién clu
st dung phuong phap ky thuat ddo ngugc dé tao tap tin
may diém cula ban thiét ké theo mau cling nhu lap trinh
gia cdng dugc thuc hién trén phan mém Mastercam va
gia cong trén mday phay CNC 5 truc clia hdng Haas [4, 10,
11]. Tuy nhién, cac céng b6 trong nuéc ciing nhu nhém
nghién clu cla tac gia Lé Hong Ky chi méi diing & phan
thiét ké va gia cong banh nén, chua cé thirnghiém cling
bd ting ap trén bé thi véi diéu kién lam hoat déng
tuong déng thuc té ctia dong co. Trong pham vi nghién
clru nay, nhom tac gia budc dau chi xem xét anh huéng
cUa két cdu banh nén (cac canh don) tGi d6 bén va céng
suat bo tang ap dong co.

2. MAY NEN CUA BO TANG AP PONG CO

Trong nghién ctu st dung bo tang ap CT9 cla déng
cd Toyota 3C dung tich 2,2L, mé men xoan Ién nhat/ téc
dé quay: 188-216/1800-2600 (N.m/vong/phut), cdng suat
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65-67/40000 (k.W/vong/phut) (hinh 1). B6 tang ap bao
g6ém hai phan chinh la turbine (turbine housing) va may
nén (compressor housing). Cau tao bén trong b tang ap
bao gém: banh turbine (turbine wheel), cac & bi d6, truc,
banh nén (compressor wheel), cac dudng dau vao khi thai
(exhaust gas inlet), dau vao dong ca (to inlet manifold),
hé théng xa (to exhaust system), cac dudng cung cap dau
(oil supply), dudng dau vé (oil return)... Banh turbine va
banh nén nam & khoang riéng dugc két néi véi nhau
thong qua truc trung tam (central shaft) [1-3].

To Inlet Manifold
3

Qil Supply

Turbine
Housing

To Exhaust |
System

Compressor
Turbine W Housing

Wheel

Central Shaft
Qil Return

Exahust —&
Gas Inlet

b) 0
Hinh 1. Cau trtic va nguyén Iy hoat dong clia turbocharger [1-3]
2.1. Thiét ké banh nén

Nghién ctiu chi st dung canh chinh (Main Blades) véi
cac trudng hop 3 canh, 4 canh, va 5 canh thay vi 4 cap
canh nhu mau cdia turbocharger CT nhu hinh 1. Trong do,
cac canh déu co hinh dang va thong s6 bé mat nhu canh
chinh cta banh nén mau. Ky thuat ngugc da dugc su
dung dé thiét k& cac banh nén nhu hinh 2a, [11, 12]. Véi
ky thuat ngugc, ti banh banh nén mau (hinh 1c¢), sttdung
thiét bi ATOS Ill TRIPLE Scanner véi cong nghé anh sang
xanh dé thu thap dir liéu dam may diém cta banh nén
mau, qua xi bang phan mém thu dugc cac ban thiét ké
3D ctia banh nén véi s6 canh don khac nhau lan lugt la 3,
4 va 5 canh (hinh 2b).

Trong nghién clru nay, cac dac diém cau trdc clla mau
banh nén sir dung vat liéu hgp kim nhom dugc phan tich
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bang phan mém ANSYS 2024. Cac diéu kién bién dugc ap
dung trén banh nén co gia d& cé dinh & dau banh nén va
bé mat truc, cac luc tiép tuyén va hudng tam tac dung lén
bé mat cac canh va téc d6 quay tac dung Ién bé mat truc.
Sau khi chia lugi mé hinh bang mo-dun luéi co hoc cé
phan tu kich thudc trung binh (hinh 2b).

. s wse L
z 1008

b) M6 hinh lugi

Hinh 2. Két cau cac banh nén thiét ké

M6 phong véi téc dé quay truc tuabin (cling la truc
banh nén) lan lugt la 10.000prm, 15.000prm va
20.000prm (vong/phut).

2.2. Ché tao banh nén

Hinh 3. Cac bdnh nén dugc gia cong tir may CNC

Nghién ctiu nay st dung hgp kim nhém A6061 dé ché
tao banh nén. Vat liéu c6 dac diém: chéng dn mon tét,
nhiét dé néng chay va do ciing thap, do bén kéo 291MPa,
gi6i han chady quy uéc 241MPa, d6 cling chia 97HB. Buc la
phuang phap ché tao banh turbine cling nhu banh nén
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phd bién nhat hién nay [16], nhung véi s6 lugng chi tiét
can gia cong khong nhiéu, nghién ctru sirdung may phay
CNC 5 truc clia hang Haas dé gia cong, san pham nhan
dugc nhu trén hinh 310, 13, 14].
3. THi NGHIEM

Trong nghién ctiu st dung thiét bj kiém tra cong suat
déng ca MP 100S kiéu dién ti theo s6 vong quay déng ca
ctia hang Weinlich, Lién bang Duc [15] (hinh 4). Thiét bi
MP 100S ¢6 céng dung: do sé vong quay déng ca, do
moémen xodn cla déng co, xac dinh cong suat ctia dong
co, do suat tiéu hao nhién liéu ctia d6ng ca, vé do thicong
sudt, momen va suat tiéu hao nhién liéu ctia déong ca, do
xung tin hiéu clia cac cdm bién... Day la thiét bi c6 do
chinh xac cao, dai do tan s6 I6n, tan s6 do nho, diéu chinh
dugc cac théng so khi st dung.

Compressor Wheel
(Bli+, Bls, Bls, BI) —

MP 1008

B | Tubocharger CT9 | | Cardan joint -
- Toyota 3C engine =i

i=(1000-2800) rpm

Hinh 4. So d0 nguyén Iy va lap ddt thiét bi thi nghiém

Thuc hién 3 lan thi nghiém Gng v&i ting banh nén mau
(Bl4-4), banh nén 3 canh don (BI3), banh nén 4 canh don
(Bl4), va banh nén 5 canh don (BI5). Gia tri cdng suat trung
binh cta truc déng co lan luot nhan dugc tuong tng la P4-
4 (kw), P3 (kW) , P4 (kW) va P5 (kW). K&t qua thi nghiém
dugc luu trir trén mdy tinh qua phan mém DiaW 1.3.

¥ 2 WYL §
X\ "‘77 4 \ <

Hinh 5. Lap cdc banh nén trong b tang ap
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4. KET QUA VA THAO LUAN
4.1. Két qua mé phéng
4.1.1. Két quda mé phéng iing sudt von-Mises

15000 rpm

10000 rpm

15000 rpm

0 nx S0

—

a) Banh nén ¢6 3 canh

15000 rpm

S 20000 rpm

Y 10000 rpm

¢) Banh nén ¢ 5 canh

Hinh 6. M6 phdng (ing sudt von-Mises cac banh nén c6 so canh va toc do
quay khac nhau

Hinh 6a thé hién két qua mé phoéng Ung suét von-
Mises clia banh nén c6 3 canh véi téc dé quay khac nhau.
Trong trudng hop téc d6 quay la 10000rpm, (ng suat
Von-mise téi da la 3,3662MPa va nam & phia sau lugi may
nén. Trong trudng hgp toc d6 quay la 15000rpm, Uing suat
Von-mise t6i da la 4,0057MPa va nam & phia sau may nén.
Trong trudng hop téc d6 quay la 20000rpm, (ng suat
Von-mise t6i da la 5,0209MPa va nam trén than banh xe
may nén.

Vi banh nén c6 4 canh (hinh 6b), trudng hop t6c d6
quay la 10000rpm, ting suat Von-mise téi da la 3,3706MPa
va nam & phia trén phia sau ctia lugi may nén; trudng hop
téc d6 quay la 15000rpm, Ung suat Von-mise t6i da la
5,0937MPa va nam trén than canh may nén; trudng hgp
téc do quay la 20000rpm, (ing suat Von-mise téi da la
8,0962MPa va nam & phia sau banh nén.

VGi banh nén cé 5 canh (hinh 6¢), khi toc dé quay la
10000rpm (tng sudt Von-mise t6i da la 2,3767MPa va nam
& phia trén phia sau cta lugi banh nén; khi téc d6 quay la
15000rpm Ung suat t6i da la 3,2049MPa va nam & phia
trén phia sau cia ludi may nén. Trong truong hgp téc do
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quay la 20000rpm, (ing suat Von-mise t6i da la 4,2036MPa
va nam & phia sau banh nén.

4.1.2. Két qua mé phéng dé bén moi

M6 phong d6 bén méi dua trén thuyét iing suat trung
binh Goodman. Do chua cé co s& thuc té ap luc tac déng
[én bé mat cac canh cta banh nén nén qua trinh moé
phdng gia st cac hé luc trong mot tudi tho tai phan bé
diéu hoa. Tudi tho trung binh cang thap thi cang dé sinh
ra vét nit mai tai vi tri mé phong.

a) Banh nén ¢6 3 canh

b) Banh nén cd 4 canh

¢) Banh nén cd 5 canh

Hinh 7. Tudi tho trung binh ctia cac bénh nén c6 s6 canh va toc do quay
khac nhau

V6i két qua mo phong d6 bén mai, banh nén thiét ké
lam viéc véi tdc n = 10000rpm 6 tudi tho cao nhat, banh
nén cé téc do quay cang I6n do bén moi cang giam, s
chu ky d€ hinh thanh nén vét nit méi cang ngén.

4.2. Két qua thi nghiém
Bang 1. Két qua do cdng sudt dong co

P4-4 |T4-4 13 T4 T5
W) ) P3 (kW) (N.m) P4 (kw) P5 (kW)

1600 6 39 8 45 | 68 |405| 62 | 37
1700 7 4 9 51 72 1405 79 | 43
1800 9 47 10 | 51 88 | 47 | 84 | 45
1900 12 59 0 |52 87 | 44| 10 | 50
2000 12 57 9 40 | 106 |505| 97 |465
2100 9 42 8 36 | 98 415 67 | 31

n (rpm)
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2200 6 24 5 20| 94 |215| 48 | 2
2300 3 12 3 13 66 (275 31 |135
2400 3 n 3 12| 32 | 13| 26 |105

Vi truong hop banh nén mau, d6 thi mémen T va
céng suat P theo s6 vong quay n nhu hinh 8. Trong thuc
té, bd tang ap dong co thuc su lam viéc hiéu qua khi s6
vong quay trong pham vi tir 1600rpm dén 2500rpm. Téng
hgp két qua cac thi nghiém véi s6 gia tri s6 vong quay
trong pham vi trén nhu trong bang 1.

60

= Power (kW)
Torgue (N.m)

Power, Torque

2000
Engine speed (rpm)

1500 2500
Hinh 8. Quan hé gita cong sudt P, mdmen T va s6 vong quay ddng co véi
ctia b tang p dong co (T9
D6 thi hinh 9 thé hién quan hé gilra cong suat va sé
vong quay déng cg tuong Ung véi cadc banh nén cta bo
tang ap déng co co s6 canh khac nhau.

Power (kW)

2

1600 2200

2000
Engine speed (rpm)

1800 2400

Hinh 9. Quan hé giia cong suat va sd vong quay dong co vdi cdc banh nén
khdc nhau ctia b tang p dong cg (T9

Gia tri trung binh clia c6ng suat truc déng ca ting vGi
ting banh nén clia bo tang ap trén bang 1 va hinh 9 cho
thay:

- Sau khi khi m& hoan toan buém ga dé déng co tang
téc, tai thai diém phanh (t6c d& 2400rpm) thi cong suat
dong ca trong cac lan do la tuong duong nhau.

- Khi diéu khién phanh ngugc chiéu kim déng ho dé
giam s6 vong quay dong co thi cong suat déng co cd xu
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hudng tang nhanh, dat céng suat cuc dai khi téc dé trong
khodng 1900 - 2000rpm.

- Khi tiép tuc diéu khién phanh dé tdc dé dong co giam
xuéng dén 1000rpm thi cong suat déng ca c6 xu hudng
gidm.

- B6 tang 4p ¢6 banh nén véi 4 canh don (BI4) khi lam
viéc vai téc do trén 2000rpm cho céng suat dong ca ludén
cao haon cac truong hgp con lai.

Nhin chung, cong suat déng co khi banh nén ctia bo
tang ap chi la nhiing canh don thap hon so véi trudng
hgp st dung banh nén mau (4 cap canh). Ngoai 1, tri
trudng hgp bo tang dp c6 banh nén BI4 lam viéc véi téc
d6 trén 2060rpm va BI3 lam viéc véi téc d6 dudi 1840 rpm
lai c6 cong suat dong co cao hon so véi trudng hgp s
dung banh nén mau.
5.KET LUAN

Két qua mo phong Von-mise cho thay, véi banh nén
¢4 3 canh va 5 canh don thi Uing suat tuong duang t6i da
ing vGi cac toc d6 quay khac nhau déu duéi 5,0210MPa.
Trudng hgp banh nén cé 4 canh, khi toc d6 quay la
15000rpm thi (ing suat t6i da la 5,0937MPa nam trén than
canh banh nén, khi téc d6 quay la 20000rpm, Ung suat téi
da lén tGi 8,0962MPa nam phia sau banh nén. Vi mé
phong dé bén moi, banh nén thiét ké lam viéc véi técn =
10000rpm c6 tudi tho cao nhat.

Thuc nghiém cho thay, céng suat dong co khi banh
nén cla b tang ap la nhiing canh don thap hon so véi
truong hop st dung banh nén mau. Ngoai &, véi bo tang
ap c6 banh nén 4 canh lam viéc vai téc do trén 2060rpm
va c6 banh nén 3 canh lam lam viéc véi téc do dudi
1840rpm c6 céng suat dong khdng theo xu huéng chung.
B6 tang ap c6 banh nén véi 4 canh don (BI4) khi lam viéc
vGi téc dé trén 2000rpm cho céng suat dong co ludén cao
hon cac trudng hgp con lai.

DPanh gia vé anh hudng cta luc khi dong va nhiét do
dén banh nén khi b6 tang ap lam viéc sé dugc tinh toan,
mo phong va thuc nghiém trong cac nghién clu tiép
theo. D& c6 thé iing dung thuc té€, cac nghién cdu tiép
theo cling can dé cap dén chi phi san xuat, kha nang gia
céng hang loat cling nhu anh hudng cda vat liéu dén do
bén lau dai ctia banh nén.
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