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H¢ théng truyén lyc (HTTL) 6 t6 bao gdm cic cum ly hop, hop s, truc cac dang va
cau chu dong. Khi 6 to chay trén duong, cac chi tiét quay gom truc va banh rang trong
HTTL chiu cac tai trong xoan va mot phan tai trong uon. Cac chi tiét than, vo va dam
chiu tai trong udn. Dé x4c dinh céc tai trong udn trén than va vo ta dé dang sir dung cac
cam bién do va ndi véi thiét bi do bang cac day dan. Trén céc chi tiét dang quay tai cac
truc phai sir dung nhimg dung cu chuyen ding, ¢6 cAu tao dic biét va thu’o‘ng phai cat
chi tiét dé lap rap thiét bi d6. Mot giai phap img dung nguyén 1y thu phat song wireless
dugc st dung dé ché tao thiét bi do cac tin higu trén cac chi tiét dang quay cia HTTL 6
to. Bai bao trinh bay ket‘qua nghién ctru thiét ké, ché tao bo thu phat song khong day
sir dung trong thiét bi kiém tra do bén cum céu sau chii dong 6 t6. BO phat song hoat
dong theo nguyén 1y cac tin hi¢u dién 4p tr tenzo bién dang gan trén tryc quay sé
chuyén vao mach nhan va xir Iy thanh tin hiéu song dién tir dé phét vao khong gian. B§
thu song 1ap v&i may tinh nhan tin hi¢u vao chuyen ddi thanh tin hiéu sé duoc phan
mém xir 1y ra file két qua. Thuc hién cong viéc chudn s liéu do theo tin hiéu ing suét,
bién dang sé& thu dugc két qua dénh gia d6 bén ciia cac chi tiét.

Abstract
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The powertrain system of automobile consists of clutches, gearboxes, axles and rear
axles. When the moving on the road, the rotating parts consist of the shaft and gear
wheels bear the torsion load and a part of the bending load. Components of the
cover, casing and beams subject to bending loads. To determine the bending loads on
the covers and shells, it is easy to use the sensors and connect them to the measuring
equipment by wires. Specialized tools must be used on parts that are rotating on the
axle, these tools are specially constructed and often have to be cut off in order to
assemble the device. A wireless transceiver application solution is used to fabricate
signals on rotating parts of automotive systems. This article presents the results of
designing and manufacturing wireless transceiver used in the test equipments for
automotive rear axle reliability. The transmitter operates according to the principle
that voltage signals from the tenzo deformation mounted on the rotary axis will be
transferred to the receiver, and processed into electromagnetic waves to be emitted
into space. A receiver installed on a computer will receive the signals and convert
them into digital signals processed by the software. Performing the calibration of
measurement data according to the stress signal and the deformation will result in the
evaluation results of the reliability of the components.
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1. GIOI THIEU

Xe 0 o chuyén dong gay ra tai tac dung 1én hé thong truyén luc (HTTL) va cau sau vOi cac
g suét khac nhau nhu Gmg suét udn, tng suat cét va ing sudt nén. Ngoai nhiing tng suét trén,
cacchi tiét cling chiu sy rung dong do su mAt can bang lop xe hodc banh xe va sy khong tron cta
lép xe hodc banh xe, hodc mdt vanh xe bi gép... nén rat d& bi mon hodc hu hong, anh hudng truc
tiép dén d6 bén cia HTTL va cum cau sau chu dong. Viéc xac dinh duge gia tri cac thong sO tai
khi 6 t6 di chuyén va cac truc dang quay rat phirc tap va thuong sir dung phwong phap pha hay
trong phong thi nghiém dé thuc hién. ‘

St dung tin hiéu dién tir thu dugc tir chi tiét dang chuyén dong, truyén tin hidu d6 vao
khong gian va tim cach thu nhan, chuyén d6i thanh dit liéu do dwoc s& dam bao dugc tinh trung
thyc cua m6 hinh nghién ctru, phuong phap nay la phuong phap khong pha huy.

Thiét bi thyc hién nhiém vu nay 1a bg thu phat wireless. Thiét bi ¢6 thé thu nhén tin hiéu
trong khoang cach trén 100 m. Thiét bi gan trén cau chu dong hodc truc quay lam nhiém vy nhén
thong so do, chuyen doi thanh song di¢ tir phat vao khong gian. Trén may tinh gin ang ten va
mach thu tai cong USB hoac cong COM dé nhan tin hiéu va chuyén d6i lai thanh tin hiéu sé doc
dugc trén giao dién phan mém dé liy két qua [1].

Str dung b thu phat wireless ta ¢ thé truyén nhan tin hi¢u dugc xa hon ma khong bi han
ché do day dan. Dé ché tao thiét bi ta sir dung cac mo dun san c6 trén thi trudng Kkét hop véi ché
tao mach, ldp ghép va hiéu chinh dé co duoc bo thiét bi voi cap chinh xac, tinh on dinh va do tin
cdy theo yéu ciu. Cac dau cam bién kém theo thiét bi gdm cam bién do bién dang bang strain
gauge, do van tde. Su dung vi diéu khién Arduino va dugc 1ap trinh thu nhan tin hi¢u trong phﬁn
mém Visual Studio C#.

2. CO SO THIET KE BQ THU PHAT WIRELESS
2.1. Xay dung so do khéi ciia thiét bi

Tin hiéu tir tenzo do bién dang trén chi tiét duoc bo chuyén d6i ADC 24bit Loadcell
HX711 thanh tin hiéu dién ap dwa vao vi diéu khién ATmega328P trén Arduino Promini. Tin
hiéu van tdc (s6 vong quay) dugc thu nhdn tir cam bién anh sang sir dung quang tré va IC
LM393 tao thanh dir li€u cung dua vao vi diéu khién ATmega328P trén Arduino Promini. Sau
do, tin hiéu sau khi xir 1i s& duoc giri dén mé dun phat song RF Zigbee UART CC2530 dé truyén
khong day dén mo dun nhan tin hiéu (cting loai RF Zigbee UART CC2530) da két ndi v6i may
tinh s& thu nhan va xu 1i dir liéu thu duoc. Dit liéu sau khi xi 1i s& duoc tinh toan, luu trix va thé
hién bang phan mém chuyén biét dwoc thiét ké va lap trinh boi Visual Studio dé d& dang quan st
va nghién ctru [2]. So db khéi cta thiét bi néu trén hinh 1.
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2.2. Thiét ké so' @6 mach ciia thiét bi

B0 thu phat wireless duoc thiét ké trén co sé cac md dun: M6 dun chuyén d6i ADC 24bit
Loadcell HX711, dung . dé chuyen d6i tin hiéu analog sang digital 24-bit va img dung diéu khién
cong nghiép dé giao tiép truc tiép v6i cam bién ciu dién tro (Strain gauge), gui dir lidu cho vi
diéu khién/Arduino; M6 dun cam blen anh sang str dung quang tr¢ va IC LM393, d6 nhay c6 thé
tiy chinh dé do van tc qua viéc truyén tai dir liéu bang thu nhan xung laser; Mach thu phat RF
Zigbee UART CC2530 str dung IC CC2530 tir TI, mach dugc Iap trinh sin firmware dé co thé dé
dang str dung truyén nhan dir liéu chudn Zigbee véi giao tiép UART d& két ndi véi vi dicu
khién/Arduino voi cac bude 1ap trinh tao config. Mach thu phat RF UART CC2530 ¢6 khoang
cach truyén nhan xa, chuan truyén song Zigbee 2,4 GHz chuan cong nghiép c6 do on dinh cao
nén duoc sir dung dé truyén nhan dir liéu tir md dun do bién dang, van tdc sau do két nbi voi may
tinh dé xir 1i dit liéu thu dugc; AMS1117 - IC én ap 3,3V; AMS1117-3,3V 14 IC chuyén dung dé
6n dinh dién ap tuyén tinh voi do sut ap thap. Dién ap dau ra 3.3V, dong dién du ra 1A ding dé
tao dién ap 3,3V cung cdp cho mé dun Wireless UART (mach thu phat RF Zigbee UART
CC2530) 3], [5]-

Mach chuyén d6i ADC 24bit Loadcell HX711 ¢é chtrc ning tich hop cao, phan tng nhanh,
kha ning chng nhidu, d6 tin cdy cao va thong sb ky thuat ctia gom: Dién ap hoat dong: 2,7V -
5V; Dong tiéu thu: < 1,5mA; Téc d6 lay mau: 10 - 80 SPS (tuiy chinh); P9 phan giai: 24 bit
ADC; Do phan giai dién ap: 40mV; Kich thude: 38 x 21 x 10 mm. So d6 thiét ké tong thé
chuyén d6i ADC 24bit Loadcell HX711 trén hinh 2 [4].
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Hinh 2. So d6 thiét ké mach tng thé ciia mé dun chuyén d6i ADC 24bit Loadcell HX711
2.3. Phén tich ché d9 1am viéc ciia thiét bi

Ché do lam viéc ciia thiét bi dugc phan tich trén so @ khoi hinh 3. Khi khoi dong bo thu
phat wireless (1), lap tic tién hanh khoi tao ngoai vi (2) cac gia tri ban dau (tin hiéu tir cac mo
dun cam bién) s& duoc scale lai vé gia tri gbc. Sau d6 s& chd 1énh tir may tinh (data) guri xudng
khéi nhan dit liéu 3) dé quyet dinh lya chon thyc hién chuong trinh. Néu data 1a "0" (4), chuong
trinh s& dimg va khong thyuc hién va s& quay lai tiép tuc chd 1énh. Néu data 1a "2" (5), chwong
trinh s& reset lai, toan bo dir liéu duoc xir 1i lai tir dau va tiép tuc cho 1énh. Néu data 1a "1" (6),
chwong trinh s& dugc khdi chay, dau tién (8) thoi gian thuc s& dugc giri lién tuc cing véi dit lidu
tir cac cam bién. Sau d6 chuong trinh xir 1i tin hiéu va gui dir lidu vé tbc do va bién dang s& tuan
tu duoc thyc hién nhu sau: xur li tin hi€u va gui dir liéu bién dang & diém the 1 (9), xir 1i tin hiéu
va gui dir liéu véan téc & diém thir 1 (10); xir li tin higu va gu:1 dir liéu bién dang ¢ diém thir 2
(11); mudn 1ay thém mot vai diém do khéac thi s& thém mot vai budce tuong tmg va chuong trinh
ctr thé ldp lai dé chay.
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Hinh 3. Luu dd ché d6 1am viéc cta thiét bi

3. CHE TAO, LAP PAT VA HIEU CHUAN THIET BI

Vi tri 1dp tenzo theo nguyén 1y mach ciu Wheatstone. Mach cdu Wheatstone bao gdm 4
dién tro bién dang (tenzo hodc strain gage) dan béng keo dac bi€t trén ban truc, hinh 4 [6].

Hinh 4. Mach cau Wheatstone va dan tenzo 1én ban truc cau sau

Dién ap do Vo gén nhu ty 1¢ thuan véi bién dang cua truc, bién dang nay lai ty 1¢ thudn voi
mo men xoan trén truc M,, nén thict bi do c6 thé coi la tuyén tinh theo (1).

Vout = k.Mt (1)

Trong d6 k 1a hé ) ty 1€, M, 1a m6 men X04n trén truc.

Céc mach cua bd thu phat tin hi¢u wireless dugc ché tao va dong vé dang hop dam bao céc
yéu ciu gon nhe, du bén, dé thio lép, lam viéc 6n dinh va lép dat, bdo quan thuan lgi trong qua
trinh thi nghiém. Hinh anh b thu phat wireless ché tao trinh bay trén hinh 5.a. Giao dién phan
mém x4y dung c6 cac cira hién thi thong s bién dang va van téc goc cac truc quay, hinh 5.b véi
4 cira twong tmg voi 4 vi tri do. S6 lwong cira hién thi két qua co thé ting 1én tuytheo yéu cau thi
nghiém va vi tri can do. Thiét bi c6 thé két nbi v6i may tinh bang cdng USB hodc cong COM.
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Thiét bi thu phat wireless ldp rap trén cau chi dong theo yéu ciu thi nghiém. Khi do mé
men xoan va bién dang trén cac ban truc dang quay, cac tenzo dugc dan 1én trén truc dang cau
Wheatstone truyén tin hi¢u dién 4p de vé mach HX711 va chuyén doi thanh tin hiéu wirless

truyén vao khong gian.
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b) Giao dién phan mém hién thi tin hiéu

Hinh 5. Thiét bi wireless da dugc ché tao

Wireless

a) Bo wireless lap trén ban truc cau sau

L Wy

b) Bé thir cdu sau

Hinh 6. Lap dat thiét bj wireless trén cdu sau thir nghiém

Hiéu chuan thiét bi dugc thuc hién hai calip trén may chuyén ding cung voi bd thu phat

wireless d¢ phat va nhan tin hi¢u.

Calip 1: Hi¢u chuén tin hiéu tai trong la mo6 men X04n calip M, trén truc c6 dan céc tenzo
dién tré bang cach treo vat nang R, 1én dau tay don co6 chicéu dai Lz = 1000 mm trang thai tinh
Vi cac trong luong lan luot tang dan P, = 0 kg, 10 kg, 20 kg,..., 100 kg theo cong thuc (2).

M, =P xL;

)

Dién ap do de (mV) va md men xoén trén truc M, (Nm) 14 tuyén tinh, gin dung theo cong

thace (3).
A =k, xM

3)

Tr,ong do: ky 1a hé sb ty 1€, MC,L 14 m6 men xoin galip trén truc.
K&t qua da xac dinh dugc hé so calip mé men xoan 1a &y = 25 kg.m/10mV.
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Calip 2: Hi¢u chuén tin hiéu mdé men xodn va bién dang. Tin hi¢u m6 men xodn di thu
duoc tir thi nghi€ém véi bo thu phat wireless va dugc hiéu chuin theo mirc dién ap do dugc. St
dung gié tri tai trong la mé men xodn tién hanh calip trén thiét bi kéo nén, trong do6 tenzo loai
FCA-3-11: 360kHZ chiéu dai 3 mm dan 1én manh kim loai cta chi tiét ciu sau da thu nghiém
trén bé thir. Cac thong sb calip duoc xac dinh boi cac phwong trinh (4), (5) va (6), [7].

Tir cong thic x4c dinh bién dang cua dién tro (4).

_ 4l _AR/R
I K

(um) 4

CL
Ta xac dinh hé sb calip bién dang theo m6 men x04n ®))

K =APCL/PCL=AMCL/MCL
< & 1000* ¢,

(5)
Bién dang trén chi tiét dugc xac dinh 1a bién tuong dbi thuc té trén cau dién tro duoc xéac
dinh tir cong thure (6).

4, =%(81 —&,+6,—¢,) (mV) (6)

Va viét lai theo cong thirc (7).
1

(um) (7)

(6,—¢,+6,—¢,)=
%4 CL
Trong d6: (e;-e2+¢3-¢4) - Bién dang tuong ddi thuc té trén cau dién tro; A7 - D6 déan dai cua
dién trd; AR - Luong thay ddi dién trd; Ay, - Luong thay ddi dién &p; Uy- Dién ap cAu do; Pcr -
Tai kéo trén may kéo nén; AM¢; - Lugng thay ddi ctia md men tai; Mc, - MO men calip, & -
Luong bién dang do dugc trén may kéo nén; Chi s6 1000 tuong ing voi canh tay don 1000 mm
trong calip 1 vé md men.

4. KET QUA THi NGHIEM

Thi nghiém thuc hién trén b¢ thu cau sau, hinh 6 & trén. Thong s xe va cau sau chu dong
bao gdm: Trong luong ban thén cua xe 4230 kg; tai trong xe 2980 kg; tong trong luong toan bg
xe 7405 kg; cong suét cuc dai cua dong co tai 3000 v/ph 81 kW; mé men xoan cuc dai tai 2000 -
2200 v/ph 320 Nm; ty s6 truyén cdu sau 6,75. Tién hanh thi nghiém & cac ché do tai khac nhau
trén bé thir, ghi cac két qua do va luu nhiing file quan ly. Thyc hién calip 1 xac dinh dugc hé s6
calip gitra gia tri dién ap do dwoc va mé men xoan, ky = 25 kg.m/10mV. Tiép theo thyc hién
calip 2 xac dinh hé sd calip giira tai trong (md men xoan) va bién dang dai trén chi tiét Kc;.
Trong thi nghiém va cac phép calip déu str dung bd thu phat wireless ché tao.

Céc két qua theo cac ché do tai wong tng, bién dang trén chi tiét tai cac vi tri khac nhau
déu xac dinh cu thé va dugc trinh bay trén hinh 7. Hinh 7.a tuong tmg voi 5O vong quay 1600
v/ph clia tryc dan dong, hinh 7.b tuong tmg voi s6 vong quay 2000 v/ph cua truc dan dong. Hinh
7.c tuong Ung cung s6 vong quay 1600 v/ph cua truc dan dong va hinh 7.d twong tng voi sO
vong quay 2000 v/ph cua truc dan dong khi st dung bo thiét bi wireless chuin RTS 5600 cua
hing KMT Cong hoa Lién bang Dirc ché tao [8] (hién nay truong Dai hoc Lam nghiép Viét Nam
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quan ly va st dung). Day la cac ché do tuong ting ¢ tay so0 3 vdi ché do0 mdé men cyc dai cia
dong co.

i Z fmm) as £ i
o5 | te TN f ﬁ | |
s f | 04 -" ‘1
. TR il 111 Ui
’ 00 4 2 I T
oe ) -:—I i3 ] i 8 | -02 " il-l £ a1 H 1
032 udliv ‘ =i
| -0.4 hL I
oo JELUIH AR Do L L L i
e / o | ¥ |
-0LE -Lo -
-i0 P'r fﬂ:g_ll' -12 P! fﬂig,.'
a) b)
10 10
08 S 'l | os =™ i ; q
I 1 I T
os T 06 4 T
. N i L e :".u'.h WL oL, :’[ i 1::,’:;
oz fHi | i ] |‘|l‘ H ! il oz |1j .f‘ !F“ h! Ilnqi \! ”I |I' I !thrlllhl.l
| LI im | HARE R it n|||||u|"l| ||}‘|i| "'p.l HHE
oo LN e a' T ul 1 00 L1yl 1) I L] .;.:.'!.
itk Bl kel ksl 3|8 1 RS gl
DR L LRI L iR o i
LI U0 e ik |
-0 ; 1 lj 08
-0E -0.8
-10 Pﬂ(kgj -1.0
c) d)
Hinh 7. Cac két qua thi nghiém trén bo thu phat wireless
5. KET LUAN

St dung phuong phap khong pha huy dé do cac thong s6 danh gia d6 bén cau chu dong 6
to gom c6 m6 men xoén, bién dang trén cac chi tiét quay co uu diém dam bao tinh 6n dinh cua
két cau nhung rat phirc tap. Ché tao thiét bi theo nguyén ly thu phat wireless da giai quyét duogc
viéc lay cac tin hiéu ra trong khi cac chi tiét va hé théng & trang thai dang lam viéc & nhitng ché
do thi nghiém theo yéu ciu.

Thiét bj da dugc thiét ké ché tao trén co sé cac mo dun tich hop két hop véi giao dién phan
mém lap trinh Arduino thu thap va xur 1y cac tin hiéu do duoc. Khi thi nghiém do mé men xodn
trén cac chi tiét quay cia cau chu dong, thong sb do dugc thyc hién calip 1 theo mé men tai. Khi
thi nghiém xac dinh bién dang trén chi tiét, thong s6 do s& duoc thyc hién calip 2 xdc dinh hé 5O
ctia mdi quan hé giita mé men tai. Thiét bi do gdom nhirng mach diéu khién c6 tinh 6n dinh cao
va gi4 thanh hop 1y nén co6 thé chii dong thi nghiém va phat trién mg dung véi nhitng thi nghiém
khac trén 6 t0.

So sanh két qua thi nghiém do bién dang trén chi tiét khi sir dung b thu phat wireless ché
tao (hinh 7.a,b) vdi bd thu phat wireless chudn RTS 5600 cua hing KMT Cong hoa Lién bang
Dirc ché tao (hinh 7.c,d), sai khac nhau 1,5 - 3% cho théy thiét bi thu phat wireless ché tao dang
tin cay.
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