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TOM TAT

Do wu didm la diéu khidn v6 cép véi hiéu suét cao, hop sb phan nhanh cong suét thay tinh cho thay kha nang
(ng dung trén may kéo néng nghiép. Diéu nay cling duoc thé hién trong mot sb két qua nghién ctu ly thuyét. Tuy
nhién, can thiét phai c6 nhirng thtr nghiém thuc té d& danh gia cdu hinh hop sé v& nguyén Iy hoat dong va céc tinh
chat déng lwc hoc cho muc tiéu thiét ké sau nay. Muc tiéu clta bai bao la gisi thiéu md hinh thi nghiém (bé thir) hop
sb phan nhanh cong suét duwgc xay dwng tai B6 mén Dang lwc, Hoc vién Néng nghiép Viét Nam. Mé hinh bé thir bao
gdm doéng co dan dong, hdp sé phan nhanh céng suét thay tinh va bo phan tao tai, cling véi cac thiét bi do va xo ly
s6 lieu hién dai. M6 hinh c6 thé dwoc st dung dé tai hién nguyén ly hoat déng, nghién ctru céc tinh chét tinh hoc,
dong lwe hoc ctia hop sé phan nhanh cong suét 1am co s& cho céc chién luoc diéu khidn chuyén sé trong céc diéu
kién lam viéc dac trweng clia may kéo ndng nghiép.

T khéa: Hop s6 phan nhanh cong suét thay tinh, mé hinh thi nghiém, ty sb truyén hop sb.

Hydrostatic Power Split Transmission Test Band for Agricultural Tractor

ABSTRACT

Due to the advantages of continuously variable transmission and high efficiency, hydrostatic power-split
transmission (HPST) shows the applicability on the agricultural tractor. This is also shown in some theoretical
research results. However, practical tests are needed to evaluate the power-split transmission configuration for the
operating principle and dynamics properties for the next design goal. This article introduces the experimental model
(test band) of a HPST built at the Department of Dynamics, Vietnam National University of Agriculture. The test band
consists of a drive motor, a HPST, load generator and modern data processing and measuring equipment. The
model can be used to reproduce the operating principle and to study the static and dynamic properties of the HPST,
as the basis for control strategies in working conditions of agricultural tractors.

Keywords: Hydrostatic power-split transmission, experimental model, agricultural tractor.

truyén théng do tich hgp dude vu diém cta viée
diéu khién vo cip s6 vong quay trén hop s6 thuy

1. DAT VAN DE

Hop s6 phan nhanh cong suidt (HSPNCS) 1a
hop s6 vo cdp phoi hgp thuay co, két ndi song
song gitia moét bo phan truyén dong hanh tinh
v6i mot bo bién téc thuy tinh (Wik & cs., 1999).
Trén thé giéi, HSPNCS da dudc trang bi cho
may kéo noéng nghiép tir cudi thé ky trude va boc
16 su vugt troi so véi hop s6 phan cap cd khi
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tinh va hiéu suat tuong d6i cao ciia hop sd sang
s6 dué6i tai trong (Murrenhuff & Wallentowtz,
1998, Skirde & Gigling, 1996). Theo mot s két
qua nghién ctiu ban dau (Bui Hai Triéu & cs.,
2018, Pham Duy Suy & cs., 2018), phtt hgp nhat
v6l may kéo nong nghiép dang hoat dong tai
Viét Nam v6i ¢d cong suat 20-30kW, 1a st dung
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HSPNCS don gian c6 cadu hinh CRO trén cd s6
mot bd phan truyén hanh tinh don 3 truc.

Dé phuc vu cho nghién ctu cé ban vé
HSPNCS lam co s phat trién tng dung cho
may kéo ndong nghiép cd vira va nhd, mot bé thi
nghiém hop s6 v6i hé théng do va xti ly tin hiéu
hién dai dudec xay dung tai B6 mon Dong luc,
Hoc vién Nong nghiép Viét Nam. M6 hinh thi
nghiém cho phép mé td va phan tich cic tinh
chét tinh hoc, déng luc hoc va diéu khién dién

hinh ctia hop s6 nghién ctiu.

2. PHUGONG PHAP NGHIEN CUU
2.1. M6 hinh thi nghiém

M5 hinh thi nghiém duge phat trién trén co
sG so do két cau va hoat dong cia HSPNCS theo
cdu hinh CRO (Hinh 1). Cong suét truc vao tw
dong co truyén dén truc dan C, sau dé dudgc
phan nhanh thanh 2 dong: dong th nhat - cong
suét thuy luc duge truyén qua vanh riang R, bom
P ctia bd bién téc dén dong co thuy luc M, dong
thi hai - cong suat co khi dude truyén qua banh
rang méat tréi S. Hai dong céng sudt hgp nhat
tai truc ra 1a truc tht cdp cua hop s6 nho cip
banh ring c6 ty s6 truyén i, (Bui Hai Triéu &
cs., 2018).

Poi véi so d6 HSPNCS véi cau hinh nhu
hinh 1, duéi day 1a mot s6 quan hé déng luc hoc:

- Quan hé mé men:
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- Quan hé van téc goc va ty sé truyén:
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Trong cac cong thic trén: zy, zg: sd rang cla
vanh rang (R) va banh rang mit trai (S); oy, o,
op, ®y 12 vAn toc goéc trén vanh réng, banh ring
mat troi, truc bom va truc ra ctia doéng co thuy
luc; i,, i, 12 ty s6 truyén cac bo truyén tach va
nhap dong cong suat; Vp, Vy 12 thé tich lam vigc
cua bom (P) va dong co (M); M, chi thanh phan
md men trén cac phan ti tuong tGng.

Dé thuan tién cho viéc lap rap, diéu chinh
khoang cach truc ciing nhu viéc 14p dat cac cam
bién ma van théa man yéu cidu danh gia hiéu
sudt va phan tich trang thai dong luc hoc va
diéu khién caa HSPNCS, céac cip banh rang i,,
i, dudc thay thé bang cac bd truyén xich cé ty s6
truyén tuong duong. So do6 truyén déng va do
cia md hinh thi nghiém dugc trinh bay trén
hinh 2 bao gébm cac phan ti ké&t cAu dudi day:

- Dong co truyén luc 1a dong co diesel c6
cong suat dinh mic 20,8kW, tuong tng s vong
quay 2400 vong/phit, mé men xoin cuc dai
95Nm dat tai s6 vong quay 1.400 vong/phiit;
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Ghi chi: C - Can din; R - Vanh riang; S - Banh ridng mit troi; i, - B truyén banh ridng phin nhanh;

i, - B6 truyén banh ridng nhap dong; P, M - Céc don nguyén bom/déng co
Hinh 1. So d6 HSPNCS cau hinh CRO
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- Bo truyén hanh tinh don 3 truc cé cong
sudt danh nghia 30kW, ty s6 truyén co

o - Z
s61, = R =57/27~2,1;

Zg

- B6 bién toc thuy luc cé cong sudt truyén
20-30kW, cac don nguyén bom (P) va dong co
(M) diéu khién dugc thé tich dén thé tich cuc dai
Vima = 38 cm?/vong va Vy,..= 37 cm®/vong;

- Bo phan tao tai: phanh thuy tinh béng
bom thuy luc.

Tai trong thi nghiém dugc tao ra bdi mot
phanh thiy tinh. Bom thuy luc tao tai dugc dan
dong ti truc thi cAp hop s6 qua mdt cap xich véi

92 ~ N . 1 ’ , 2 .
ty so truyéni =§. Cac phuong an tai trong

dudc thuc hién bing cach phéi hgp diéu khién 3
van: Vg, V,, Vp,.

Céac loai cam bién dudc st dung trong hé
thong bao gom: Cam bién do ap suat (C) loai
Huba Pressure Transmitter Type
511.954603142, 4p suat 0-400bar, 2 day do dong
4-20 mA; cam bién do luu lugng (Cy) loai Lake
Flow Transmitter R-4A-6HD-50RF. Cam bién
do m6 men (C,) loai Kistler Torque Sensor
Model 4502A. Cac cam bién do s6 vong quay (C,,
C,, C,) loai E2A-M18KS08-WP-C1 2M la cac
cam bién tiém can do tan s6. Cac tin hiéu do tu
cam bién duge thu nhan bsi Card chuyén déi
A/D loai N1 PCI-6251, sau d6 dugc luu tri vao
may tinh va duge xt 1y truc tiép bang phan
mém DASYLab. T4t ca cac thiét bi nay dugc 1ap
dat, chudn hoéa, két néi va do ghi tai B6 mén
Dong lyc, Hoc vién Nong nghiép Viét Nam.

2.2. Nghién cttu thuc nghiém

- Viéc xac dinh chinh xac hiéu suit ctia hop
s0 can thiét dugc thuc hién trong phong thi
nghiém bing cach do truc tiép hao tén cong suat
hoac danh gia gian ti€p tu gia tri cong sudt dau
ra so v6i dau vao cua hop sé (Heribert, 1990;
Thiel, 1983). Déi v6i cac hé thong c6 hidu suat
cao (>95%), phuong phap do truc tiép hao tén
cong suét c6 uu thé hon do viéc do sai léch tuong
doi gifia cong sudt vao - ra cua phuong phap
danh gia cong suat sé rat khé chinh xac, ciling
nhu yéu cau do chinh xac ctua ky thuat do rat
cao. Tuy nhién, tai ving hiéu suit tu (78-93%)
sai s6 tuong ddi cua ca hai phuong phap khong
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chénh léch nhiéu (Heribert, 1990). Do d6, d6i véi
hop s6 HSPNCS, c6 hiéu suat du kién (80-90%)
viéc x4c dinh hiéu sudt dudc lwa chon theo
phuong phap danh gia céng suat dau vao - ra.
Trén so d6 hinh 2, céng suit vao duge xac dinh
nhd 2 cam bién sd vong quay C, va cam bién mé
men C, trén truc sd cdp. Cong suat ra dudge xac
dinh nh6 3 cdm bién: cAm bién s6 vong quay C,,
cam bién ap suat C; va cam bién luu lugng Cg 12
cong suat thuy lyc va quy dan dén truc thi cap
cua HSPNCS.

- Phan tich dong luc hoc va diéu khién cta
HSPNCS: Cac trang thai dong luc hoc va diéu
khién ctia HSPNCS xuét hién nhs qué trinh phéi
hop diéu khién gitta dong co diesel (thay ddi tay
ga), HSPNCS (thay d6i Vp, Vyy bang cach thay d6i
géc nghiéng ctia dia phéan ting trong bom va déng
co thuy luc) va thay d6i tai (diéu khién cac van
thuy luc Vg, V,, Vp,). Do d6, cau hinh thi nghiém
¢6 thé phan tich mét s6 tinh chat déng luc hoc
dién hinh cta hop s6 may kéo nhu: Khéi hanh,
sang s0, ting giam ga va ting giam tai trong.

3. KET QUA VA THAO LUAN

M5 hinh thi nghiém HSPNCS dugc thiét ké,
ché& tao va lap dat tai phong thi nghiém ctia Bo
mon Pong lue, Hoc vién Nong nghiép Viét Nam.
Anh chup hé thong thiét bi thi nghiém duge
trinh bay trén hinh 3.

M6 hinh thi nghiém da dugc chay thi 6n
dinh va thuc hién cac phudng an theo muc tiéu
nghién ctu thuc nghiém. Trong khuén khé caa
bai bao, tac gia chi giéi thiéu mot sd két qua thu
nghiém mé hinh dé danh gia kha nang tao tai,
kha ning tai hién, do va phan tich mot s6 trang
thai hoat dong dién hinh cia HSPNCS trong
phong thi nghiém.

3.1. Thi nghiém thay ddi ty s6 truyén

Trong thi nghiém, déng co hoat déng theo
dic tinh ngoai (ga cuc dai), tai trong duge giii 6
mot gia tri xac dinh (V,, 6 vi tri khéa, diéu chinh
Vp, dén miic tai thi nghiém), dit Vy, tai vi tri
max, tién hanh diéu chinh V,dén vi tri max dé
thay d6i ty s6 truyén HSPNCS. Sau d6 giii Vp
tai vi tri max, giam V, dé tiép tuc cé dudgc cac ty
s6 truyén 16n hon. Quy trinh diéu khién nay
dugc mo ta trén hinh 4.
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Ghi chii: DC - Dong co truyén Iuc; C - CAn dan; R - Vanh ring; S - Banh rdng mét troi;i, - Xich phan nhéanh; i, -
Xich nhap dong; i, - Xich téi trong; P, M - Cac don nguyén bom/dong co; C,, Cs, C, - Céc cdm bién s6 vong quay;
C, - Cam bién mé men; C;5,C,; - Cam bién ap sudt va Iuu lugng gay tai; V,; - Van giéi han ap suat; V,, - Van phan
phoi dong ngét; Vp, - Van tiét luu.

Hinh 2. So d6 truyén dong, diéu khién do thi nghiém HSPNCS

Hinh 3. Bé thit cong suat dé thi nghiém HSPNCS
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Hinh 4. Quy trinh diéu khién ty sé truyén bing thay d6i cac thé tich VP, VM
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Hinh 5. K&t qua thi nghiém thay d6i ty s6 truyén

Hinh 5 mé ta cac quéa trinh tin hiéu ti cac
cam bién C, dén C,. Cac qua trinh tin hidu tu
cam bién it nhiéu, bién d6i phit hop theo su thay
déi Vp, dap tng t6t v6i tin hiéu diéu khién.

3.2. Thi nghiém thay déi tai trong

Trong thi nghiém, déng co van hoat dong
theo déc tinh ngoai, diéu khién Vp, Vy; dé c6 mot
ty sO truyén xac dinh, tai trong thay d6i cham
(dudng ch&m dd) bang cach thay déi V,, & vi tri
khéa va xoay vi tri van tiét luu Vp, . Néu muén
thay déi tai nhanh (dudng lién xanh) thi cin c6
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dinh vi tri V;, d mét mic do tai va chuyén mach
V,, ti vi tri luu thoéng dén vi tri khéa (tang tai)
va ngugc lai (giam tai). Phan tGng cta cac tin
hiéu cadm bién dugc trinh bay trén hinh 6.

Nhan xét: Khi thay ddi tai bing cach thay
déi vi tri van ti€t luu, qué trinh tin hiéu ti cac
cam bién bién d6i phit hgp. Céc tin hiéu mé men
truc so cap (cam bién C,), s6 vong quay truc so
cép (cam bién C,) dap tng tot véi su thay d6i ti
cam bién ap suat (C;) va cam bién s6 vong quay
truc thi cap (C,) phi hop véi khi bién d6i qua ty
s6 truyén cua HSPNCS.
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Hinh 6. Két qua thi nghiém thay d4i tai trong HSPNCS

3.3. Thi nghiém danh gia cong thic ty so
truyén HSPNCS

Muc tiéu ctia nghién ctiu 1a danh gia hé
thong thi nghiém vé kha ning tai hién nguyén
1y 1am viéc cia HSPNCS, tai hién c4u hinh CRO
va kha nang dap ting cac yéu cau theo muc tiéu
nghién ctu thuc nghiém.

Theo nguyén 1y két cau cua HSPNCS c6 cau
hinh CRO, ty s6 truyén cta hop s6 (ig) dudc xac

dinh tu ty s6 truyén bién toc thuy luc (iy) theo
cong thiec:
® 1 (1+1
iG=—M=—.H.( o) ®)
0)9 1011 +121H
Trong do:
57 . 18 . 14
10 = —;11 = —;12 =—
27 14 12
24 .V,

i3:i :—;IH:—
TR

(4)
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Bang 1. K&t qua thi nghiém xac dinh ty s6 truyén

Ve (cm®/vg) Vi (cm*/vg) i

leLt

icTn RMS cua sai s6 twong dbi (%)

0,5%Vpmax Vvimax 0,4459 0,4289 0,4292 1,09
Vemax Vivimax 0,8919 0,7390 0,7392 1,17
Vemax 0,5%Vmax 1,7838 1,1573 1,1565 1,16

'

Hinh 7. K&t qua so sanh két qua thi nghiém véi cong thic ly thuyét

Viéc danh gia so sanh két qua thi nghiém
vé6i cong thic 1y thuyét duge thuc hién theo bang
1, trong d6 Vp,.. = 33 cm®vong, Vi = 37
cm?®/vong, két qua thi nghiém 1& gia tri trung
binh cta céac 1an do. Két qua so sanh téng hop
dudc trinh bay trén do6 thi hinh 7. Tu cac két
qua cho thdy, cac gia tri thi nghiém khéng sai
léch nhiéu so véi cong thtc 1y thuyét, thé hién
kh4d n#ng tai hién nguyén ly lam viéc cua
HSPNCS va dap tng dudc cac yéu cau theo muc
tiéu nghién cu thuc nghiém. Thuc té& khi thi
nghiém véi Vy; tién gin téi 0 gia tri iy cling tién

gan dén gia tri cuc dai 1, = (1 +10)/12,

4. KET LUAN

M5 hinh thi nghiém hoat dong én dinh, c6
kha nang thuc hién cac thi nghiém theo yéu cau
dé phan tich tinh hoc va dong luc hoc cua
HSPNCS. Nho két néi truc tiép cac tin hiéu cam
bién trong phan mém DASYLAB, c6 thé xac
dinh hiéu suit hop s6 phu thude diém lam viéc
trén dic tinh dong co ciing nhu phu thudc ty s6
truyén ciia HSPNCS. Cac tinh chat dong luc hoc
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va diéu khién ciing c6 thé duge phan tich trong
thi nghiém, thi du quéa trinh bién thién cua tai
trong, qua trinh khéi hanh, sang s6 ho#c ting
gidm ga cua dong co truyén luc.
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