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Abstract : The engine timing chain system uses a chain to transfer power from the engine crankshaft to the camshafts, and

controls engine timing. Hydraulic tensioners are normally applied to ensure the proper operation of the chain system. Then, it

is controlled by hydraulic forces by using engine oil and mechanical force from a spring. Recently, new technologies have

been applied to the oil pump of the engine to improve fuel efficiency. The engine oil pump reduced the operating torque of
the oil supply through reduced pump capacity, or the variable oil pressure control system was applied to ensure fuel
efficiency. However, sometimes, it supplies low oil pressure and low flow rate to the hydraulic tensioner due to the large

tensioner piston motion and increasing chain tension. Through this paper, we would like to explain the correlation between

the tensioner check valve function and timing system performance. Furthermore, new tensioner check valve specifications

will be introduced to improve timing chain system performance.
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Nomenclature | S
F :force, N A Efol ARJNAE §F G421 AQlS ARl
S test speed, rpm Aol A= 53 7 Fo] Fel Agala A Efol
T :tension, N W8 Ao]Fel ) F 2 28 EA L 7Tl 2 v A
P+ pressure, kPa QA1) A3k F7] L 7] wBo] AR ) =2
D @ displacement mm %3} 7 Zo) A A5T 2:10] =S G, vlol A
L olflow coee QA A9 A& A Fa FE AN
V' +vacuum ratio, % ol Ho]2 E3) Aol A o] wAlg uj| v AEo] ulel o
A :area, mm? = =9 U EHC 2= Eal e i RoA
B2 A G o] FA A Ad=lo] HaE o] A

Subseripts Qlo] ojgkd uf ”IM F|2~Eo] S FallA] A=A
HFCV : high flow check valve 378 =0 goly e A7 A 4] e gt
FD Curve : force displacement curve FH L 5o An] A i A1 e & U E7tsla,
LVDT : linear variable differential transformer 7} T AFo| A7} G2 sty o e, v A e
HPC : high pressure chamber oln] gpite] =3k oo wr FEUY ) T3k
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2. ElO|Y Al

2.1 ElO|Y H|Q1AHe| T4

elol] A= AHAF] 3H 58S AFoE
k= A R1(Chain), 3ol &g 32 "M ¢hell
gt ARl HHE& 24 e X5 7 " Y
(Hydraulic tensioner), 1%} €114 Alo]o A AHQ1E A
B &l= |lA L] A(Tensioner arm), A 212] 717450l 4 A
ol A E Aofsl= AL 71O =(Guide), A AFH2] 5
2S5 ARle| AEst= A AFH 2232 }(Crankshaft
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Fig. 1 Configuration of the timing chain system
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Fig. 2 Configuration of the hydraulic tensioner
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Tensioner Hydraulic Damping Force
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Fig. 3 Result of hydraulic tensioner damping force
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Fig. 4 Configuration of conventional check valve (Ball type)
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Fig. 5 Configuration of high flow check valve (Disc type)
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Fig. 8 Tensioner HPC vacuum comparison (Conventional
Vs. High flow)

2 ob/|AIT) B A= B o el A el

4. HIqY 3wl ElO|Y HIQIA|
41 H2WE Meo| IE MY IAE D3
Elolw A7) A& ARE YT AE wF A ol

2 g o2 Ul Alglo] FHE ATk o] % el Al
A wafate] €1 LAlekd 5 WA oF R A 7
o|&=

ol 2ol o] mhas) BhelE gl on, of = A
ERERE ERIEE R T R E S IR R
o} 7]~ Aol BolslulA] Tl 2Eo] 312Eo] tho)

1014 $2ASHBUS =2 A2oA AUZ, 2021

5 (4 —
Check valve #1 3 C Vck, valve #2

Photo. 1 Damaged timing chain system after durability testing
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Photo. 2 Fixture for tensioner function testing
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Fig. 9 Engine main gallery oil pressure
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Fig. 10 Timing chain system performance test result (With
conventional check valve of tensioner)
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Fig. 11 Tensioner HPC pressure result (Conventional check
valve)
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Fig. 12 Timing chain system performance test result (With
high flow check valve of tensioner)
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Fig. 13 Tensioner HPC pressure result (High flow check valve)
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