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 The focus of this study is on the accuracy of the SIMOTICS S-1FL6 servo 

motor control, which is operated using a Siemens S7-1200 PLC and a 

Sinamics V90 VSD, with the help of a Human Machine Interface (HMI). 

This study quantitatively examines the motor speed in achieving the desired 

position (0°-360° unidirectional and clockwise) at 10 and 100 RPM, as well 

as the rotation accuracy at 10 to 100 RPM. The position accuracy evaluation 

results indicate that while the system provides good pressure at 10 RPM, the 

accuracy there is significant at 100 RPM, especially during complex 

operations. In addition, the overall accuracy of the rotation speed generally 

indicates the system's ability to achieve the RPM goal, even if there are 

occasional fluctuations in the Speed Error resulting in overshoot or 

undershoot. Thus, the results of this accuracy testing indicate that the 

developed control system successfully controls the SIMOTICS S-1FL6 

servo motor in real-time, resulting in a high level of accuracy and is suitable 

for applications that monitor pressure from low to high as well as the rate of 

return from low to high. 
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1. INTRODUCTION  

As a result of industrial growth, control systems have been created that are not only efficient but 

also capable of supplying high pressure when actuators, especially servo motors, operate. The process of 

automated object maintenance and object placement is one of the most critical parts of such systems, because 

position pressure and speed play a major role in the success of industrial processes [1]. In practice, the 

Siemens S7-1200 PLC has been widely used in object monitoring and list-making applications due to its 

ability to integrate with sensors and actuators and provide flexible HMI control [2]. The ability of a servo-

based manual release system to precisely reach the target position, maintain a constant speed, and regulate 

the deviation rate within industrial tolerances is a critical component that requires careful consideration. 

Although previous studies have shown that Siemens PLC-based pressure control systems enable improved 

item performance and efficiency over time, they have not comprehensively assessed durability, speed, and 

position simultaneously [3]. 

In this regard, the SIMOTICS S-1FL6 motor is the primary choice for servo system development due 

to its high dynamic performance, precise positional accuracy, and seamless integration with the SINAMICS 

V90 system . According to Siemens' documentation, this motor is specifically designed for sorting, packaging, 

and pick-and-place applications, with feedback capabilities provided by a high resolution encoder and a 

reasonable response time [4]. A manual release system is significantly reduced when the SIMOTICS S-1FL6 

and SINAMICS V90 are combined since they may operate in positional (IPOS), speed (Speed), and torque 

(Torque) modes [5]. As an example, encoderless positioning, or encoderless approach, has also been used in 

combination with SINAMICS G120 and S7-1200. This suggests that even in many situations when a high 
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sensitivity is needed, Siemens PLCs can regulate position without the need for external feedback encoders [6]. 

This emphasizes the necessity of testing the closed servo's true arousal level experimentally, especially when 

using a manual system that is susceptible to minor problems. 

On the other hand, many object-minding systems have been evaluated using common efficiency 

metrics such as level placement and processing speed [6]. By methodically measuring the final position 

accuracy (in degrees), actual travel speed (RPM), and exit duration (in milliseconds) of a Siemens S7-1200 

PLC-based servo-controlled system and a SIMOTICS S‑1FL6 motor, this study attempts to analyze the 

evaluation in a more precise quantitative manne [7]. Consequently, the objective of this study is to assess the 

sensitivity of a Siemens S7-1200 PLC-controlled SIMOTICS S-1FL6 servo-controlled motor in a manual 

release system. Three main areas will be the focus of this study to verify the effectiveness of the PLC-based 

manual system under current industrial pressures: (1) position accuracy, (2) speed accuracy, and (3) consistency 

over time. By addressing these areas, this study will provide valuable insights into the performance and 

reliability of the motor system. Ultimately, these findings will contribute to the optimization of operations in 

industrial environments, ensuring that the technology meets the ever-growing demands of automation. 

 

 

2. METHOD  

This study uses an experimental engineering approach to assess the accuracy of a SIMOTICS S-

1FL6 servo motor controlled by a Siemens S7-1200 PLC in a manual release system. The system uses a 

closed-loop control architecture, where the motor position and speed are monitored in real-time using an 

internal encoder and automatically corrected by the PLC [8]. TIA Portal V17 is used for all system 

configuration and programming, along with ladder PLC programming, a KTP700 Comfort HMI, and 

SINAMICS V90 PN servo drive parameter settings. Through the HMI, the operator can set the target position 

or speed and record the correction results during testing [9]..  

 

 
 

Figure 1. Block diagram of tool design 

 

The PLC is intended to be the primary controller in the system architecture [10]. The PLC sends 

control signals to the SINAMICS V90 VSD after receiving targets from the HMI and interpreting them using 

ladder diagrams and logic. This drive then controls the servo motor's power so that it moves in response to 

the command [8]. The servo motors' high-speed encoders, which offer accurate position and velocity 

feedback, enable the system to compare target and actual values with precision. This method allows the PLC 

to automatically control each control segment [11],[12]. 
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Figure 2. Flow chart of system design 

 

 

3. RESULTS AND DISCUSSION  

Testing was conducted in two main aspects, namely position accuracy and speed. For position 

accuracy, the motor was driven to a number of target positions (0°, ±90°, ±180°, ±270°, 360°) in CW and 

CCW directions, including homing, with testing conducted at 10 and 100 RPM. The difference between the 

target position and the actual position was considered as an error. In contrast, speed testing was conducted in 

the range of 10 to 100 RPM, where each actual speed was compared with the target to determine the RPM 

error. The results of this study will be analyzed to determine the maximum and average deviations as a basis 

for assessing the system's accuracy related to industrial needs in its application. 

 

 
 

Figure 3. Project tool documentation 
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The SIMOTICS S-1FL6 servo motor with comprehensive accuracy control and Siemens S7-1200 

PLC was tested on a trainer in the energy conversion laboratory. Evaluation focused on motor rotational 

speed and positioning accuracy. At speeds of 10 RPM and 100 RPM, the accuracy positions were measured 

at angles of 0°, 90°, 180°, 270°, and 360° in two axes (CW/CCW). Speed accuracy was evaluated on a range 

of RPM target scales, ranging from 10 to 100. To ensure the objectivity of the evaluation, all data were 

collected via the HMI and validated using a digital tachometer. 

 

Table 1. Angle accuracy measurement with 10 rpm 

 
 

According to the "SIMOTICS S-1FL6 Servo Test Table (RPM Setting - 10 RPM)" (shown in Table 

1), the position accuracy at 10 RPM shows good pressure with varying error margins. The 180° and 270° CW 

targets have an inaccuracy of 0 [13][14]. However, an error of 36 (0.036°) and an error of −36 (−0.036 ∘) are 

present at 90° CW and 360° CW (homing), respectively. The CCW movements at -180 ∘ and -90 ∘ show a 

consistent error of -108 (−0.108 ∘), indicating deviation or failure to return to the target. Significant 

positional accuracy at 100 RPM is demonstrated by the "SIMOTICS S-1FL6 Servo Test Table (RPM Setting 

- 100 RPM)" (seen in Table 2). For a 180° CW target, the largest divergence is -396 (-396 ∘). A 90° CW 

target has an inaccuracy of -72 (-0.072 ∘). Inaccuracies at 270° and 360° (Homing) CW may approach -360 (-

0.360 ∘). Additionally, CCW motion exhibits increasing inaccuracy, peaking at -180 (-0.180 ∘) during jog -4. 

This indicates the system's inability to maintain pressure and stability at high speeds. 

 

Table 2. Angle accuracy measurement with 100 rpm 

 
 

Servo speed analysis based on the "SIMOTICS S-1FL6 Servo Test Table RPM Accuracy 

Measurement" (shown in Table 3 )shows variations in speed errors. The 10 RPM (CW) target has an 

overshoot speed error of 1,060 RPM. The speed error for the 50 RPM (CW) target is quite large, at -7,160 

RPM (undershoot). In contrast, 20 RPM (CCW) has a speed error of only 190 RPM, while 80 RPM (CCW) 

has a speed error of about 670 RPM. These fluctuations affect the dynamic response and control strategy of 

the motor in various ways, including speed, load, and friction. 

In summary, the SIMOTICS S-1FL6 servo motor controlled by a Siemens S7-1200 PLC delivers a 

wide range of performance. Position accuracy is good at low speeds, but degrades significantly at high speeds 

and complex movements. Overall speed accuracy is acceptable, although there is significant vibration at 

some intermediate points. The system is adequate for medium to high precision at low-medium speeds. 

However, for applications that are critical to high speeds or sudden movements, control optimization (PID 

tuning), mechanical calibration, or high-resolution encoders may be necessary to reduce deviations [15]. 
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Table 3. RPM accuracy measurement 

 
 

 

4. CONCLUSION  

This research focuses on the control accuracy of a SIMOTICS S-1FL6 servo motor, operated by a 

Siemens S7-1200 PLC and a Sinamics V90 VSD with the assistance of an HMI. It is evident from the 

positioning accuracy evaluation, which is based on several targets (0°-360° clockwise and counterclockwise), 

that the system can determine the ideal pressure at a speed of 10 RPM. However, this accuracy clearly shows 

that the speed is increased to 100 RPM, especially when the motor performs more complex movements. On 

the other hand, a review of the rotational speed accuracy (from 10 to 100 RPM) often shows a strong ability 

of the system to achieve the target RPM, although there are occasional fluctuations in the Speed Error that 

are overshoot or undershoot. In summary, these accuracy tests indicate that the developed control system 

successfully drives the SIMOTICS S-1FL6 servo motor. In essence, this series of accuracy measurements 

confirms that the developed control system successfully controls the SIMOTICS S-1FL6 servo motor in real-

time, offering an adequate level of accuracy for applications demanding medium to high precision at low to 

medium speed ranges. 
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