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A B S T R A C T 

Industrial robots are widely used in manufacturing applications where tool orientation and positioning are important. This study compares the wrist joint motion 

limits of ten commercial six-axis industrial robot configurations from ABB, KUKA, Yaskawa, and FANUC. The analysis focuses on joints 4, 5, and 6 using 

technical specifications published by the manufacturers. Total angular motion ranges were compared using descriptive statistics. The results showed that axis 4 had 

motion ranges between 370° and 460°, with a mean of 414°. Axis 5 ranged from 240° to 360°, with a mean of 281°, while axis 6 ranged from 700° to 910°, with a 

mean of 785°. Axis 5 showed the largest relative difference between its minimum and maximum values. The findings provide a simple comparison of wrist joint 

mobility and may support preliminary robot selection based on angular motion requirements. 
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1. Introduction 

Industrial robots have evolved from machines performing repetitive tasks into flexible systems used in modern manufacturing. Recent studies have 

compared commercial robot characteristics and different six-axis architectures [1,2]. Research on articulated robots has also examined trajectory geometry 

and methods for reducing movement length [3,4]. Other studies have focused on trajectory continuity and obstacle avoidance [5,6]. Different coordinate 

systems and vision-based teleoperation have provided further approaches to robotic motion and control [7,8]. 

The development of industrial technology has also changed how robots interact with their surroundings. Vision-based sorting and safety monitoring have 

become useful tools in robotic applications [9,10]. Similar progress can be observed in automated inspection and additive manufacturing [11,12]. Research 

on polymer materials and mechanical testing has supported the evaluation of engineering components [13,14]. Statistical comparisons and material 

recovery assessment have introduced additional methods for evaluating technical systems [15,16]. 

Technology has also evolved in human–machine interaction. Early applications included brain-to-text communication and the identification of 

requirements for intelligent prosthetic systems [17,18]. Later studies examined EEG-based prosthetic control and bionic leg dynamics [19,20]. Home 

automation and gaze-based interaction provided other examples of human-controlled systems [21,22]. Gesture recognition and personalized learning 

software extended digital interaction into education [23,24]. Digital therapeutic applications were also investigated [25,26]. Other studies addressed 

student performance and educational data governance [27,28]. Software tools were developed for assessment visualization and human resource prediction 

[29,30]. 

At the organizational level, technological development has been studied through Industry 5.0 and project management approaches [31,32]. Decision-

support methods have also been applied to employee assessment and international research projects [33,34]. Network monitoring applications provide 

another example of digital system development [35]. 

Despite these advances, the mechanical characteristics of industrial robots remain important. The angular limits of the wrist joints influence the 

orientations that a robot can achieve. Previous studies have examined differences between robotic wrist architectures and the effects of joint motion 

constraints [2,36]. The present study focuses on a comparison of the angular motion limits of joints 4, 5, and 6 in selected commercial six-axis industrial 

robots. The analysis uses manufacturer specifications to identify differences in wrist motion capabilities. 

2. Materials and Methods 

This study compares the wrist joint motion limits of ten commercial six-axis industrial robot configurations from four manufacturers: ABB, KUKA, 

Yaskawa, and FANUC. The data were collected from publicly available manufacturer specifications and technical documentation [37–44]. Fig. 1 shows 

the wrist region of a six-axis industrial robot and highlights joints 4, 5, and 6 considered in this study. 
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Fig. 1 - Direction of rotation of the six robot axes, including wrist axes A4, A5, and A6 (KUKA, 2019) [45]. 

The analysis considers the last three robot joints, identified as axes 4, 5, and 6. For Yaskawa robots, these correspond to the R, B, and T axes. The values 

were expressed as total angular motion ranges in degrees to allow direct comparison between manufacturers (see Table 1). 

For joints with symmetric limits, the total motion range was calculated by doubling the specified positive angular limit. For example, a joint with limits 

of ±180° has a total range of 360°. When the manufacturer provided the total motion range directly, this value was used without modification. 

Table 1 - Wrist joint motion ranges of selected industrial robots. 

Manufacturer and model Axis 4 (°) Axis 5 (°) Axis 6 (°) Source 

ABB IRB 1200-5/0.9 Gen2 460 260 800 [37] 

ABB IRB 1200-8/0.9 Gen2 460 260 800 [37] 

ABB IRB 1300-10/1.15 460 260 800 [38] 

ABB IRB 1300-7/1.4 460 260 800 [38] 

KUKA KR 6 R700-2 370 240 700 [39] 

KUKA KR 10 R1100-2 HO 370 240 700 [40] 

Yaskawa MOTOMAN GP7 380 270 720 [41] 

Yaskawa MOTOMAN GP12 400 300 910 [42] 

FANUC M-10iD/12 380 360 900 [43] 

FANUC M-20iD/25 400 360 720 [44] 

 

The comparison uses the motion ranges stated in the selected manufacturer documents. Optional extensions, installation restrictions, and changes in 

controller settings may affect the actual available motion. The data were compared using minimum, maximum, mean, and percentage differences. No 

physical robot tests were performed. 

3. Results and Discussion 

The collected data show visible differences in the wrist joint motion limits of the analyzed industrial robots. Table 1 includes ten robot configurations 

from ABB, KUKA, Yaskawa, and FANUC. The comparison focuses on the total angular motion ranges of axes 4, 5, and 6. 

For axis 4, the recorded values ranged from 370° to 460°, with a mean value of 414°. The highest values were observed in the ABB models, which all 

reached 460°. The lowest values were found in the two KUKA robots, both with 370°. The difference between the minimum and maximum values was 

90°, which corresponds to approximately 24.3% relative to the minimum value. 
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For axis 5, the motion limits ranged from 240° to 360°, with a mean value of 281°. The smallest values were again observed in the KUKA models (240°), 

while the largest values were found in the FANUC models (360°). The difference between the minimum and maximum values was 120°, which represents 

approximately 50.0% relative to the minimum value. This was the largest relative variation among the three analyzed wrist joints. 

For axis 6, the values ranged from 700° to 910°, with a mean value of 785°. The highest value was identified for the Yaskawa GP12 (910°), while the 

lowest values were observed in the KUKA robots (700°). The difference between the minimum and maximum values was 210°, corresponding to 

approximately 30.0% relative to the minimum value. 

A simple manufacturer-level comparison also shows some clear patterns. The ABB robots included in this study had identical wrist motion limits, with 

460° for axis 4, 260° for axis 5, and 800° for axis 6. The two KUKA robots also shared the same values, namely 370°, 240°, and 700°. The Yaskawa and 

FANUC models showed greater internal variation, especially for axes 5 and 6. 

Overall, axis 5 showed the lowest average motion range and the highest relative variation, suggesting that it is the most restrictive wrist joint among the 

three analyzed axes. In contrast, axis 6 had the highest motion ranges in all manufacturers, with values between 700° and 910°. This result is consistent 

with the functional role of the last wrist joint, which is usually designed to provide wider end-effector rotation. 

These results indicate that commercial six-axis industrial robots may differ substantially in wrist mobility even when they belong to similar payload 

classes. The observed differences may influence robot selection in applications where orientation flexibility is important. However, a larger angular range 

does not automatically guarantee better practical performance, because the reachable orientations also depend on the full robot kinematic chain, tool 

geometry, and application constraints. 

4. Conclusion 

This study compared the wrist joint motion limits of ten commercial six-axis industrial robot configurations. The results showed that axis 5 had the 

smallest average angular range (281°) and the largest relative variation (50%). Axis 6 had the largest average range (785°), followed by axis 4 (414°). 

These differences show that wrist joint specifications should be considered when selecting industrial robots for tasks requiring tool orientation changes. 

The analysis was limited to manufacturer specifications and did not evaluate actual robot movements. Future research will investigate how wrist joint 

limits, especially those of axis 5, affect tool orientation and positioning in practical robotic tasks. Additional robot models and experimental comparisons 

could provide a better understanding of these limitations. 
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