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A Study On the Application of VHVI Base Oil
- Hydraulic Fluid for Construction Equipments

W.S. Kwon', W.S. Moon, H.H. Yoon* and K.W. Kim**

SK R&D Center, *Hyundai Heavy Industries Co., Ltd.
**Korea Advanced Institute Science and Technology, KAIST

Abstract — This study represents the newly advanced formulation of hydraulic fluids for extended drain interval
and introduces the performance results of used oil samples from various excavators. The used oil samples, in this
paper, show that there is a sharp change in viscosity drop and moderate additive depletion when viscosity index
of hydraulic oil is very high. For the extension of hydraulic fluid life, it is necessary to improve the stability of
viscosity and oxidation. New target properties from the used oil analysis were proposed for extended life. Per-
formance of newly developed hydraulic oil based on used oil analysis is compared with previously used one. The
properties of new formulation are the viscosity index of 140 and improved thermal stability consists of VHVI
base oil. Field test results showed the possibility of extension of fluid life. Additionally, for development of high
performance product, new required properties and performances were discussed.
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Table 1. Comparison of hydraulic systems of construction equipment and industrial machine with required

hydraulic oil properties {1,2,3]

Construction equipments

Related Hydraulic oil

Industrial Machine .
properties

Hydraulic pump and motor Piston pump and motor,

gear pump
Fluid pressure, MPa 32-42
Fluid temperature, °C 80—-100 (110)
Cold start Yes , <-20°C
Deaeration Poor
Fluid Tank size Small
Fluid Tank type Pressurized or closed
Wet parking brake system Yes
Water contamination,% <0.2
Water drain maintenance No

Upper limits of dust

. ISO 19/15
contamination

Vane pump, gear pump,

. High antiwear properties
piston pump and motor © prop

13-32
50-60 High thermal stability
No Low temperature fluidity
Good air release
Large Antifoam
opened Proper oxidation stability
No High friction coefficient
>1.0 Demulsibility, antirust
Yes Demulsibility
1SO 16/13 Dispersancy
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Table 2. Properties of hydraulic fluids

Fluid-A Fluid-B Fluid-C

Base oil Hydrocracking (VHVI) Conventional (SR) Hydrocracking (VHVI)
Additive Package add-A Add-B Add-C
KV" @40°C, ¢St 48.85 46.01 46.89
KV" @100°C, ¢St 9.02 8.69 7.93
Viscosity index 168 171 140
# of sample 22 25 *k
Total acid number, mgKOH/g 0.3 0.31 0.45
RBOT?, min 460 400 770
4ball wear”, mm 0.45 0.55 0.44
Pour point, °C —42.5 - -37.5
1) kinematic viscosity
2) Rotating Bomb Oxidation stability Test. Induction time
3) wear scar diameter, 40 kg, 1200 rpm, 75°C, 1 h
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Fig. 1. Change in viscosity with operation time.
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Fig. 2. Change of viscosity index in used oils during
operation.
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Fig. 3. Change of Zn content in used oils during
operation.
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Fig. 4. RBOT oxidation time of used oils.
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Table 3. Shear stability of different viscosity index
improvers

Fluid-A Fluid-E Fluid -F Fluid G

VHVI 150N, % 85 85 85 10.5
VHVI250N, % 105 10.5 10.5 85
VII-1 4.5 225

VII-2 225 45

ViI-3 45
KV, @40°C" 4842 4891 49.38 46.74
KvV@100°C” 8.897 9.032 9.148 8.291
vI’ 166 168 170 153
KV @40°C” 47 46.88 46.9 46.21
KV@100°C? 8.587 8.522 8.473 8.159
vI? 162 161 159 151
Kvesrc? 48.59 48.65 46.78
Kve100°c’ 8.891 8.938 8.272
VP 165 166 153

KV : kinematic viscosity

VI : viscosity index

1) fresh oil, 2) after sonic shear stability test, 3) after diesel
injector shear stability test
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Table 4. Viscosity of hydraulic fluid with different formulation

Fluid-A Fluid-C Fluid-JP-1 Fluid-JP-2
Specific gravity, 15°C/4°C 0.8403 0.8411 0.8603 0.8746
KV @ 40°C, ¢St 46.82 46.89 49.45 44.59
KV @ 100°C, cSt 8.64 7.93 7.75 6.78
VI 165 140 123 106
Abs.Vis", @-15°C 1135 1316 1706 1921
Abs. Vis. @-20°C 1960 2277 3225 3871
Abs. Vis. @-25°C 3328 3898 6432 8282
Abs. Vis. @-30°C 5962 7169 14244 19223

Viscometrics after sonic shear stability test
30 min viscosity loss @40°C 2.5% 1.2% 0.4% 0.5%
viscosity index 162 138 122 105
60 min viscosity loss @40°C 4.4% 1.7% 0.4% 0.5%
viscosity index 154 137 122 105

1) Apparent viscosity by Cold Cranking Simulator, cP
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Table 5. Sludge formation under CM thermal stability test condition

Fluid A Fluid C Fluid-JP-1 Fluid-JP-2
Fluid appearance (336 h, 135°C) clear clear clear heavy sediment
ggledh?ﬂpze;fén:sd 96 h 150°C) se(Sililril;;ts clear clear Heavy sediments
Sludge formed after 432 h) 15.8 5.9 6.8 -
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Fig. 5. Filterability of used fluids.
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temperature condition, test condition : S0N, 1mm
stroke, 50 Hz frequency.
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Fig. 7. Change of wear rate for Fluid-C during field
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