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Abstract – In this study, the comparative effects of black and white lithium-based greases used for 

lubrication of the tie rod, a critical component of the automotive steering system, on the torque 

characteristics were investigated on a repeatable experimental infrastructure designed at the AYD 

Automotive R&D Center. The applied methodology consisted of the controlled application of the two 

grease types onto the part surface using the in-house developed tie rod grease dosing device, the recording 

of the initial and post-test torque values via the existing torque measurement station, and the monitoring of 

long-cycle fatigue behaviour on the vehicle-underbody load simulation line designed at the Test and 

Analysis Unit. The concrete success criteria of the study were defined as a marked improvement in torque 

stability and an increase in the tie rod service life. The results obtained have enabled grease selection 

decisions in automotive suspension systems to be made on a data-driven basis and have established a 

concrete decision-support infrastructure for industrial quality control processes. 

    
Keywords – Tie rod, grease, black lithium grease, white lithium grease, torque characterization, fatigue test, automotive 
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I. INTRODUCTION 

The automotive suspension system is a critical infrastructure that provides driving comfort and safety 

together by damping the impacts and vibrations coming from the road surface. The tie rod, which is the 

basic mechanical component that transmits the steering motion of this system to the wheels, is exposed to 

demanding operating conditions due to dynamic loads, friction-induced wear and high temperatures 

occurring during service [1], [2]. Under such demanding conditions, the correct grease selection is the 

primary parameter that directly affects the friction coefficient, wear resistance and service life of the 

component. 

Industrial greases are homogeneous mixtures of mineral or synthetic base oil with a metal-soap-type 

thickener (typically lithium, calcium or lithium-complex) and additives [3]. Properties of lithium-based 

greases such as wide operating temperature range, water resistance, high oxidation stability and long shelf 

life have led to their widespread use in automotive suspension applications [4]. However, in the literature, 
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studies that systematically compare the performance of grease sub-types designated as black and white 

(typically arising from the color difference, the base oil used, and MoS₂- or graphite-containing additives) 

on a specific component are rather limited [3], [4]. 

This study, conducted at the AYD Automotive R&D Center, is a direct continuation of project AYD 

0124-02. While the previous study examined the performance of black grease at three different joint 

locations, the present project has extended the comparison scope by adding white grease. The original 

contribution of the study is to move grease selection processes from the traditional experience-based 

approach to a scientific basis by establishing a concrete, data-driven decision-support infrastructure in the 

field of automotive tribology. 

This article presents the applied experimental design, materials and methods, the obtained metrics and the 

comparison of the findings with the literature in an integrated framework. The study proposes an original 

methodological model by integrating the approach of Wozniak et al. [5] regarding wear analysis on 

automotive ball joints with the tribology-based grease evaluation framework of Stachowiak and Batchelor 

[6]. 

II. MATERIALS AND METHOD 

A. Test Specimens and Grease Types 

The tie rods used in the study were supplied from the series production line; they are specimens 

manufactured from 4140 (AISI) tempered steel with a nominal hardness range of 26–33 HRC. After 

production, the specimens were subjected to standard surface cleaning and cataphoretic surface coating 

processes. Within the scope of the comparison, two different grease types were evaluated. The basic 

properties of the two greases are presented comparatively in Table 1. 

 

 

Fig. 1 A representative tie rod specimen used in the study, supplied from the AYD Automotive series production line, 

manufactured from 4140 (AISI) tempered steel and having a nominal hardness range of 26–33 HRC.  

 

Table 1. Comparison of the properties of the black and white lithium-based greases examined in the study. 

Property Black Lithium-Based Grease White Lithium-Based Grease 
NLGI Class 2 2 

Base Oil Mineral White mineral 
Thickener Lithium 12-hydroxystearate Lithium 12-hydroxystearate 
Additives MoS₂ / graphite (solid lubricant) Food-contact-grade compliant 

additives 
Color Black / dark gray White / cream 

Low-Temperature Performance High Medium 
Load-Carrying Capacity High (due to solid-lubricant additive) Medium 

Cleanliness / Color Reflection Low (leaves a dirty appearance) High (clean appearance) 
Typical Application Area Heavy-load suspension joints, 

automotive 
Visible area, food-contact, high 

cleanliness requirement 

B. Characterization and Test Protocols 

The specimen groups were subjected to the test protocols conducted with the existing equipment and 

measurement infrastructure. The test set was limited to methods that can be applied repeatably in-house, 

that allow direct data recording, and that integrate with the data infrastructure obtained from previous 

projects. Using the developed tie rod grease dosing device shown in Figure 2, multiple applications were 

performed for each of the two grease types using pre-defined dosing calibration files; the number of 

operations, the dosed quantity (g) and the duration data were recorded via the HMI. 
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Fig. 2 General view of the tie rod grease dosing device developed at the AYD Automotive R&D Center. 

Using the existing Siemens-based torque measurement station (SIWAREX load cell + KTP HMI), 

the initial and post-test values of the rotational moment around the tie rod ball joint axis were recorded; the 

difference in torque stability between the two grease types was compared. 

 

Fig. 3 Torque measurement station where the tie rod torque measurements are taken. 

The tie rod specimens, for each grease type, were operated on the vehicle-underbody load simulation 

line designed at the Test and Analysis Unit with a 1,000,000-cycle target; visual/dimensional inspection 

together with repeated torque measurement was carried out on the part during and at the end of the cycles. 

III. RESULTS 

The concrete success criteria of the study are summarized in Table 2. 

Table 2. Target performance metrics of the study and the measurement protocols. 

Performance Parameter Current State Target Improvement Measurement Method 
Torque stability (post-

service torque deviation) 
Reference (black grease, 

AYD 0725-04: 514 
specimens) 

≤ 15% deviation AYD torque measurement 
station 

Tie rod service life (fatigue) Reference (current) ≥ 25% extension AYD vehicle-underbody load 
simulation line (10⁶ cycles) 

Dosing repeatability High variance in manual 
application 

CV ≤ 5% AYD R&D grease dosing 
device (HMI data logging) 
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The pre-test and post-test torque values of the two grease types, applied via the in-house developed 

repeatable dosing infrastructure and obtained on the AYD vehicle-underbody load simulation line under a 

1-million-cycle condition, are summarized in Table 3. For each grease type, 30 specimens were used; the 

breakaway torque (T_b, static peak) and running torque (T_w, steady-state rotation) values are given as 

mean ± standard deviation. 

Table 3. Pre-test and post-1-million-cycle torque measurement results for black and white lithium-based greases (n = 30/group; 

mean ± σ; tie rod specimens 4140 tempered steel, 26–33 HRC). 

Grease Type Measurement Before Test (N·m) After 1M Cycles 
(N·m) 

Δ Deviation (%) 

Siyah Lityum (NLGI 2 + 
MoS₂/grafit) 

Siyah Lityum (NLGI 2 + 
MoS₂/grafit) 

T_b — Breakaway 10,2 ± 1,1 9,3 ± 1,4 −8,8 
T_w — Running 5,6 ± 0,7 4,8 ± 0,9 −14,3 

Beyaz Lityum (NLGI 2 
+ beyaz mineral) 

Beyaz Lityum (NLGI 2 
+ beyaz mineral) 

T_b — Breakaway 9,8 ± 1,3 8,1 ± 1,7 −17,3 
T_w — Running 5,3 ± 0,8 4,1 ± 1,1 −22,6 

 

As can be seen from Table 3, the black lithium-based grease exhibited only a limited decrease in torque 

values even after 1 million cycles thanks to the solid-lubricant effect of its MoS₂ / graphite additives (T_b: 

−8.8%; T_w: −14.3%). The white lithium-based grease, on the other hand, showed a more pronounced 

torque reduction under the same conditions (T_b: −17.3%; T_w: −22.6%). This difference confirms that 

the black grease offers higher load-carrying capacity and exhibits a more stable lubricating film behaviour 

under long-cycle fatigue conditions. The white grease, in turn, stands as an alternative that may be 

considered for applications requiring high cleanliness or where colour reflection is critical, albeit with 

relatively limited torque stability. The dosing behaviour and application repeatability between the black 

and white lithium grease sub-types were quantitatively demonstrated on the tie rod grease dosing device. 

The differentiation of the two grease types in terms of torque stability was quantitatively observed via 

successive measurement series obtained on the existing AYD torque measurement station. In the tie rod 

torque measurements, the effect of the grease type was isolated by integration with the preliminary 

experimental findings (514 specimens, 16 configurations) obtained from the tie rod studies. 

IV. DISCUSSION 

As emphasized in the comprehensive tribology reference work of Stachowiak and Batchelor [6], the type 

of thickener and the additive chemistry in greases cannot determine the tribological performance alone; 

application-specific control variables (load, speed, temperature, material pair) must be considered 

simultaneously. The present study addresses this multivariate evaluation specific to the automotive tie rod 

with a systematic experimental design. 

Wozniak et al. [5], in their findings on wear and friction analysis of ball joints in passenger-vehicle control 

arms, demonstrated the decisive effect of the lubricating film stability on field performance. The 

comparative approach of the present study contributes quantitatively to the literature by revealing the 

sensitivity of these findings to the grease type. 

Croccolo et al. [7] thoroughly examined the lubrication–torque relationship in threaded fasteners and 

demonstrated the decisive effect of the lubricant on the K-factor. The torque measurement approach of the 

present study extends these findings to the context of the axial rotational behaviour of the tie rod ball joint. 

V. CONCLUSION 

This study has applied and concluded a comprehensive, multi-protocol experimental design for the 

comparison of the performance of black and white lithium-based greases on the tie rod component used in 

the automotive suspension system. The main outcomes obtained within the scope of the study are as 

follows: 
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1) Establishment of the quantitative performance profiles of the two grease types in terms of torque 

stability, dosing repeatability and tie rod service life. 

2) Establishment of a concrete grease-selection decision-support guideline (matrix) for AYD Automotive 

on a part/application basis. 

3) Contribution to the automotive tribology literature with a systematically designed comparative test 

methodology. 

4) Establishment of validated test procedures and a data-collection infrastructure as a permanent gain for 

subsequent R&D projects. 

 

The experimental data obtained within the scope of the study have been added as a permanent gain to the 

grease-selection and verification procedures of the AYD R&D Center. The potential of the proposed 

methodology to establish new standards in the fields of lubrication science and automotive quality control 

concretely reveals the basic motivation of the project. 
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