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Abstract 
Ergonomic control devices can minimise risks of hand-related injuries. The pinch force exerted on a control 
knob during operations can be minimised so that excessive physical stress and strain on the hands are reduced. 
This improves working performance. Studies indicate that milling machine control knobs are difficult to operate. 
Hence, this study aims to validate an ergonomic knob design against a milling machine knob design to determine 
the extent of musculoskeletal comfort improvement. An ergonomic knob is designed based on a knurled 
spherical knob with ergonomics features. A validation is performed by requesting 12 participants to turn the 
knobs in clockwise and counterclockwise directions. Pinch force data is recorded. Findings show that the 
ergonomic knob reduces more than 55 % of pinch force compared to the milling machine knob replica. This 
study is useful for machine designers in the development of safer and more ergonomic knobs for various 
equipment, apparatus and devices. 
Keywords: knob design, validation, ergonomics, knob shape, musculoskeletal comfort 

1. Introduction 
The productivity and performance of workers can be affected with excessive physical stress and strain, and this 
can lead to muscle fatigue and injuries (Schutte & Schuder, 1997). Researchers believe that with proper 
ergonomics design considerations of work tasks and control interfaces, the risk of hand-related injuries can be 
minimised (Eksioglu, Fernandez, & Twomey, 1996). Therefore, the design of controls should not only be made 
in accordance to specifications, but also should be based on ergonomics design considerations (Schutte & 
Schuder, 1997).  

Stevenson, Coleman, Long and Williamson (2000) found that spherical knobs allow the execution of a more 
natural wrist position when they are operated and are also more preferred by users. The size and shape of a knob 
are also found to be an important factor in ergonomics design considerations, especially when high force is 
required to operate the knob (Kleiss, 2008; Woodson, Tillman, & Tillman, 1992). 

It has also been found that pinch width can greatly affect the amount of force exerted by a person (Campbell, 
Nolan, Wharton, & Train, 2000). Apart from that, Fathallah, Kroemer and Waldron (1991) also found that the 
optimum pinch width which can help to generate the maximum pinch force is at about 5 cm.  

Prior to this study, a new knob was designed based on ergonomics design considerations (Ng & Saptari, 2014; 
Ng, Saptari, Boon, Bee, Chai,& Leh, 2014b). The ergonomics design considerations adopted for the creation of 
the knob included factors such as the shape of the knob, clockwise and counterclockwise torque direction, 
increased and reduced tactile sensation, body posture, arm posture and finger position (Tan, Ng, Saptari,& Jee, 
2014; Tan, Ng, Saptari, & Jee, 2015a; Tan, Ng, Saptari,& Jee, 2015b). However, in order to determine if the 
knob does indeed improve musculoskeletal comfort, a validation of its ability to reduce pinch force is required. 
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Hence, the aim of this study is to validate the ergonomic knob design against a milling machine knob design to 
determine the extent of musculoskeletal comfort improvement. 

2. Milling Machine Knob Replica 
Some machine control knobs are difficult to be rotated and this may lead to the inefficiency of work done and 
even musculoskeletal disorders. In this study, the gear changing control knobs on a milling machine are found to 
be particularly difficult for manipulation. Hence, a new design with ergonomics design considerations is made to 
solve this problem. In order to validate this new design, a replica of the milling machine knob is fabricated. The 
knurling and diameter of the knob are reproduced to resemble those of the actual control knob on the milling 
machine. Figure 1 shows the actual milling machine control knob and the milling machine knob replica. 

 

 
       (a)         (b) 

Figure 1. (a) Actual Control Knob on the Milling Machine (b) Milling Machine Knob Replica 
 

3. Ergonomic Knob Design 
The ergonomic knob design used in this study is based on a knurled spherical knob, which has been identified as 
the most commonly and preferably used type of knob among manual workers in manufacturing industries 
according to surveys and observational studies prior to this study (Tan et al., 2015a). 

Grooves are added to the ergonomic knob to support its turning in a counterclockwise direction, as this direction 
is found to cause more difficulty in force exertion compared to the clockwise direction (Seo, Armstrong, Chaffin, 
& Ashton-Miller, 2008). Since the lateral pinch has been identified as the most efficient pinch grip based on 
experiments prior to this research (Ng, Bee, Boon, Chai, Leh, & Jee, 2014a; Ng et al., 2014b), the grooves are 
specifically designed to accommodate the thumb and index finger (lateral pinch uses the thumb and lateral aspect 
of index finger). The width of the grooves are also designed to fit the majority of the finger sizes of Asian people 
based on the anthropometric measurements obtained from previous studies (Chakrabarti, 1997; Deros, Yusuff, 
Daruis, Mohamad, & Yusoff, 2013; Karmegam, Sapuan, Ismail, Ismail, Bahri, Shuib, Mohana, Seetha, 
TamilMoli, & Hanapi, 2011; Ran, Zhang, Chao, Liu, & Dong, 2009). 

Rubbery materials are added on the groove surface to enhance frictional force. It has been found in previous 
research that higher frictional force is better for the user when turning the knob, especially for strong and 
extended periods of force application (Seo, Shim, Engel, & Enders, 2011). Engel, Enders, Keenan and Seo(2010) 
also suggested that people would be able to exert higher pinch forces when gripping on a knob with a higher 
surface friction. The overall diameter of the ergonomic knob is made to accommodate the optimum pinch width, 
which is about 50 mm (Fathallah et al., 1991). Figure 2 shows the actual product of the ergonomic knob. 
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       (a)        (b) 

Figure 2. Ergonomic Knob Design (a) Groove made for the Thumb (b) Groove made for the Index Finger 
 

4. Methodology 
The extent of improvement in the ergonomic knob design is determined based on whether it helps to reduce the 
pinch force exertion on the knob when used with a lateral pinch. A validation is carried out with the inclusion of 
6 male and 6 female participants. Proper informed consent is obtained prior to their participation. Each 
participant is required to perform the knob turning exercise in both clockwise and counterclockwise directions on 
both of the milling machine knob replica and the ergonomic knob.  

The two different knobs are attached on the same wooden stand with a spring loaded mounting as illustrated in 
Figure 3 to provide a fair comparison. The spring loaded mounting provides a turning resistance in order to 
simulate the actual equipment’s mechanism. Finger cot sensors are used in this validation to gather the pinch 
force data from the fingers while the participant is turning the knob using the lateral pinch technique. 

The working positions of the participant while performing the knob turning operation involve a seated position 
with a straightened arm. These positions are fixed variables during the validation. 

 

 

(a)                                (b) 

Figure 3. (a) Milling Machine Knob Replica (b) Ergonomic Knob 
 

5. Results and Discussion 
Table 1 shows the percentage of change between the ergonomic knob and the milling machine knob replica. The 
replica of the milling machine control knob, as shown in Figure 1 (b), is covered with straight knurls and the 
diameter is made to be 51 mm. The improvement of the ergonomic knob over the control knob replica is 
considerable since much lower pinch forces are required to turn the ergonomic knob as compared to the milling 
machine knob replica. The improvement is as substantial as 72.42 % in average for the male participants and 
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55.41 % in average for the female participants. 

 

Table 1. Percentage of Change between the Ergonomic Knob Design and the Milling Machine Knob Replica 

Subject 
No. 

Torque 
Direction 

Male 
Percentage 

(%) 

Female 
Percentage

(%) 
Ergonomic 
Knob (N) 

Knob 
Replica 

(N) 

Ergonomic 
Knob (N) 

Knob 
Replica 

(N) 

1 
CW 1.640 14.550 88.73 1.410 7.240 80.52 

CCW 1.670 15.940 89.52 2.230 7.520 70.35 

2 
CW 0.800 2.270 64.76 1.490 2.790 46.59 

CCW 1.133 2.730 58.50 2.370 3.090 23.30 

3 
CW 0.913 4.310 78.82 2.860 4.610 37.96 

CCW 1.257 5.320 76.37 3.590 9.720 63.07 

4 
CW 1.000 3.570 71.99 1.170 4.410 73.47 

CCW 1.200 11.770 89.80 1.810 8.270 78.11 

5 
CW 1.173 1.870 37.27 3.160 6.530 51.61 

CCW 2.137 5.960 64.14 3.740 5.230 28.49 

6 
CW 1.173 4.710 75.10 1.270 3.270 61.16 

CCW 2.067 7.970 74.07 2.170 4.370 50.34 
Average 72.42 Average 55.41 

Note. CW means clockwise while CCW means counterclockwise. 

 

One of the factors that facilitated the ergonomics of this new knob design is the ergonomic shape of the knob 
(sphere shape). According to Stevenson et al. (2000), spherical shapes provide more comfort with a less 
strenuous grip on the user’s wrist. Another ergonomic feature that aided the pinch efforts of the users is the 
inclusion of the knurls. These knurls allow higher frictional force to be generated on the surface during the pinch 
actvity (Imrhan & Jenkins, 1999). 

The groove designs in the knob accommodated the thumb and lateral aspect of the index finger allowed the 
rotation of the knob in a counterclockwise direction to be less arduous compared to rotating the knob in a 
clockwise direction. This is because turning the knob in a counterclockwise direction requires a higher amount of 
effort compared to turning it in a clockwise direction (Armstrong, AshtonMiller, & Chaffin, 2007; Ng et al., 
2014b; Seo et al., 2008). 

Another ergonomic aspect that led to the improvement of the knob design includes the increased tactile sensation 
via the rubbery materials on the groove, which facilitates the pinch force applied on the knob. Studies concur 
that the efficiency of a grip can be enhanced with a surface that has a higher coefficient of friction (COF) (Seo et 
al., 2011; Tsaousidis & Freivalds, 1998). On the whole, the validation has proven that this new ergonomic knob 
design is indeed viable as a milling machine control knob. 

6. Conclusion 
The ergonomic knob design is confirmed to offer a substantial amount of improvement compared to the milling 
machine knob replica, primarily when it comes to pinch force reduction. All the added improvement features 
such as grooves, rubbery materials as well as the overall diameter are the contributing ergonomics factors in this 
validation, which is relevant to the findings of previous researchers. The results can be used as a basis to develop 
design guidelines that can potentially improve other product designs that require different knob design 
parameters. 

One of the limitations in this study is in the material used to prototype the knob, which was aluminium. Since a 
lot of control knobs are made from different materials such as plastic (polymer) and mild steel, the fabrication of 
the knobs with these materials can be attempted for future studies. This can help improve the validation to be 
relevant for other types of applications which are beyond the scope of milling machine controls. 
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