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Abstract: Swimming, as a sport beneficial to body and mind, also has a place in
international sports. For swimmers and coaches, it is always the most important to
improve the propulsion and reduce the resistance during swimming. This paper
briefly introduced the resistance of human body in swimming, described the
dynamic resistance of human body in arm stroke, and then introduced the princi-
ple of micro disturbance method which was used for measuring the dynamic resis-
tance in swimming. Finally, ten swimmers from school team and ten beginners
were tested for the dynamic resistance in freestyle, backstroke and breaststroke
when they swam with arm stroke only. After adding micro resistance, the swim-
ming speed of the subjects decreased when they swam with all their strength; the
speed of freestyle swimming was the largest, followed by backstroke and breast-
stroke before and after loading, and the swimming speed of school team members
was larger than that of beginners; the dynamic resistance and dynamic resistance
coefficient of breaststroke were the largest, backstroke was the second, freestyle
was the smallest, and the dynamic resistance and dynamic resistance coefficient
of school team members were always smaller than those of beginners no matter
the swimmer took which swimming style.
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1 Introduction

As the density of water is far greater than that of air, the human body will feel obvious resistance when
swimming. In order to maintain swimming speed, it is necessary to obtain the propulsion force through arm
stroke and leg kick [1]. Due to the limitation of human body structure, it is impossible for people to swim
under the water surface for a long time in the swimming process. When taking the normal swimming
posture, there must be a part of the body above the water surface; as the air density is far smaller than the
water density, the air resistance can be ignored; finally the propulsion has periodicity [2]. In essence, the
propulsive force obtained by the human body through the stroke is the component of the resistance
generated by the movement of the limbs in the water in the direction of forward motion. In short, the
propulsive force obtained by the human body during swimming is also the resistance of water, but the
resistance is the same as the direction of forward motion. The approximate periodic change of the limb
during the stroke will directly lead to the approximate periodic change of the resistance generated by the
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stroke and indirectly lead to the approximate periodic change of the propulsive force [3]. The change of
propulsive force will directly affect the swimming speed, and the resistance from the water is related to
the swimming speed, which will eventually lead to the dynamic change of the resistance during
swimming. For swimmers, the key to improve swimming performance is to improve the propulsive force
o and reduce the resistance from water. Huang et al. [4] monitored and evaluated swimming movements
with sensors, studied the influence of sensor location on detection results, and found through experiments
that the sensor could detect good data and the waveform recognition effect was good when it was set at
the hand. Elaine et al. [5] studied the specific contribution of the total resistance and wave resistance at
the beginning of swimming in the underwater stage and carried out tests under three depths and four
speeds (totally 12 conditions). The results showed that the total resistance at the beginning of swimming
in the underwater sliding stage decreased with the increase of the depth and the speed had little
correlation. Houwelingen et al. [6] studied the influence of finger spread on the hydrodynamic resistance
of swimming using the method of numerical simulation combined with indoor experiment and found that
the resistance coefficient of spread finger in the numerical simulation and experimental results increased
by 2% and 5% respectively compared with that of closed finger. This paper briefly introduced the
resistance of human body in swimming, described the dynamic resistance of human body in arm stroke,
and introduced the principle of micro disturbance method which was used for measuring the dynamic
resistance in swimming. Finally, ten school team swimmers and ten beginners were tested for the
dynamic resistance in freestyle, backstroke and breaststroke with arm stroke only.

2 Dynamic Resistance of Arm Stroke in Swimming

In the international swimming competitions, the main swimming strokes include backstroke, butterfly,
breaststroke and freestyle [7], among which backstroke and freestyle are relatively simple in movement
technology, and they mainly rely on arm stroke to get driving force in the process of moving forward [§].
Although the legs can also get driving force from water, it is mainly used for ensuring the balance of
stroke. Taking freestyle as an example, if only the arm stroke is used and the leg is only used to maintain
balance, the schematic diagram of arm stroke in freestyle is shown in Fig. 1. The positive direction of X
represents the horizontal direction of forward motion during swimming, point O represents the shoulder
joint, OA represents the arm, point A represents the palm, V represents the speed of the palm, and 0 is
the angle between the arm and horizontal direction of swimming, between 0° and 180°. When the arm
starts to pull, the water will produce resistance along the opposite direction of the arm movement, the
size of which depends on the speed of the pull, and with the increase of the angle between the arm and

A

Figure 1: Sketch of arm stroke
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horizontal direction of forward, the component force of the water generated resistance along the swimming
direction increases first and then decreases. When 0 is 180°, the component force along the direction of
the swimming direction is 0, and then the arm extends out of the water surface and no longer obtains the
power, but moreover, the other arm enters water to obtain the power, and its change rule is the same as
the former. The two arms moves alternately to continuously provide the power for horizontal forward
which periodically changes [9].

In the process of swimming, the human body only receives the action force from the water in the
horizontal direction. When the human body is sliding in the water, the hydrodynamic force that the
human body receives is static resistance, and its size is related to the sliding speed and the cross-sectional
area of the human body in the speed direction. Generally speaking, the static resistance increases with the
increase of the sliding speed [10]. In the actual swimming process, the swimmer will obtain the
continuous driving force through the periodic arm stroke and legs stroke, and the posture of the human
body will change periodically in the process of the periodic stroke, and finally the resistance from the
water will also change periodically. Such a changed resistance is the dynamic resistance, and the main
resistance in the swimming process is the dynamic resistance. For swimmers, the dynamic resistance can
measure the technical performance in the swimming process, so as to provide an effective reference for
improving swimming technology [11].

3 Measurement of Dynamic Resistance of Arm Stroke in the Process of Swimming

In order to measure the dynamic resistance of the human arm during continuous stroke, the micro
disturbance method [12] was used in this study. The schematic diagram of the measurement of the
dynamic resistance of the swimmer by the micro disturbance method is shown in Fig. 2. The micro
disturbance method is relatively convenient to measure the dynamic resistance, a big change to the
swimming pool is not needed, and the measurement method is basically not affected by the swimming
posture. The main instruments used in this method include steel wire frame, tension sensor and cotton
thread. When measuring, the slide block and tension sensor are connected with the waist of the subject
using cotton thread [13]. The resistance of the slide block when sliding in the steel wire can be adjusted
artificially, and it will not be set too high generally. Usually, the standard is that the cotton thread can be
pulled gently and will not slide for a long distance under the action of inertia. The role of the slide block
is to provide a small additional resistance to subjects. Tension sensor is used for measuring the tension on
the cotton thread, i.e., the additional resistance provided by the slide block. The reason why the cotton
thread is connected to the waist of the subject is that the waist changes little in the process of movement
and the impact on the swimming style is the least.
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Figure 2: Schematic diagram of dynamic resistance measured by micro disturbance method

The principle of the micro disturbance method measuring the dynamic resistance is: the body shape and
swimming posture of the subject before and after adding the micro resistance have no obvious influence on
the swimming with all the strength, which can be regarded as the dynamic resistance of the subject before and
after adding the micro resistance or the effective power to overcome the resistance is basically unchanged.
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Then the dynamic resistance can be calculated by measuring the swimming speed before and after adding the
micro resistance. The calculation principle [14] is as follows:

CypAv?

= d’; | (1)
CypAV? ’

L= dpz 2+ 1

where f] and f; are the dynamic resistance before and after the addition of micro resistance respectively, Cy is
the resistance coefficient, p is the density of water, 4 is the effective water retaining area of human body when
swimming in water, v; and v, are the speed of swimming with all strength before and after adding micro
resistance respectively, and f;, is an additional micro resistance [15]. As mentioned above, since the
resistance to the human body added by the slide block is relatively small, it can be considered that the
effective power to overcome the dynamic resistance before and after the addition of the micro resistance
has no change. The expression is as follows:

Pi=Fi-vi=F,-vo =P, 2

where F| and F; are the effective driving force before and after the addition of micro resistance respectively
and P, and P, are the effective power before and after the addition of micro resistance. Compared with the
long-distance swimming, the short-distance swimming consumes less body energy, so the swimming with all
the strength can be approximately regarded as a stable and uniform movement in short-distance swimming
(the acceleration process at the start and the deceleration process at the end are not included, so the collected
data needs to be screened when measuring and calculating), then the driving force can be regarded as equal to
the dynamic resistance, i.e.,

N =F
{f2 _ Ry (3)
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is obtained by combining Eqs. (1)—(3). Eq. (4) is substituted to Eq. (1), then the dynamic resistance without
the addition of micro resistance is obtained:

V2
fi=tme ©
12 A2

It can be seen from the final calculation results that the dynamic resistance can be calculated by
measuring the size of the additional micro resistance and the swimming speed of the subjects before and
after the addition of micro resistance. According to Fig. 2, the additional micro resistance should be
calculated theoretically as the component force of the tension on the cotton thread in the horizontal
direction, but the angle between the cotton thread and horizontal direction is difficult to remain
unchanged in the actual measurement, which hinders the measurement and calculation of the dynamic
resistance. In the actual measurement, although the angle between the cotton thread and horizontal
direction is difficult to be fixed, the angle is relatively small. Combined with the micro disturbance
method, it needs to ensure that the pull force on the cotton thread is small enough to not affect the
swimming action. Therefore, the component force of the cotton thread in the horizontal direction can be
approximately equal to the tension of cotton thread [16], which can be measured by the tension sensor.
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4 Experimental Analysis

4.1 Experimental Environment

In this study, the test was carried out in the swimming pool of a gymnasium. The specification of the
swimming pool was 50 m x 21 m, and the depth of water was 2 m. The basic information of the
participants in the test is shown in Tab. 1. The total number of athletes participating the test was 20, all
of them were males, with an average height of 1.81 + 0.02 m, an average age of 21 + 1.1 years, and an
average weight of 80.3 + 2.2 kg. The basic physical signs of them were similar. Moreover, they have not
been injured in the past three months. Ten of them were athletes from school team who have mastered
freestyle, breaststroke, butterfly and backstroke strokes and had standard techniques. The other ten were
beginners. In this experiment, the beginners could float in the swimming pool and keep treading for a
long time, i.e., they could swim in the normal sense, and basically understand freestyle, breaststroke,
butterfly and backstroke. But they were not proficient enough and had non-standard actions, and their
movements would change in the process of continuous swimming.

Table 1: Basic information of personnel participating in the test

Swimming grade Number of Gender Height Age Weight
participants

Athletes from school team 10 Male 1.81 £0.02m 21+ 1.1 years 80.3+£2.2kg

Beginner 10

4.2 Experimental Equipment

The equipment used in this experiment included high-speed camera [17], adjustable resistance slider,
tension sensor, data acquisition card, computer, and the iron frame and steel wire used for building the
experimental equipment. The model number of high-speed camera was FASTCAM Nova S12, and the
maximum full-frame shooting speed was 12800 frames/s. The adjustable resistance slider was equipped
with screws, springs and steel balls on the basis of the ordinary slider, and the friction resistance between
the slider and steel wire track was adjusted by rotating the screws. The model number of tension sensor
was DYLY-101; the structure was column-type S shape, the measuring range was 100 kg, and the
sensitivity was 2.0 = 0.05 mV/V. The model type of data acquisition card was PCI8620, the number of
channels was 16 channels at one end, and the precision was 12 bits.

4.3 Experiment Setup

The test site was the swimming pool of a gymnasium, and the general distribution of the setting points of
the relevant measuring equipment is shown in Fig. 3. First of all, the main equipment that needed to be fixed
in the whole test site were dynamic resistance measuring device and high-speed camera. The former was used
to measure the dynamic resistance of athletes when swimming, and the latter was used to measure the speed
of athletes when swimming. The bracket of the dynamic resistance measuring device was fixed on the shore
of the starting edge of the swimming pool, and the steel wire was drawn from it and fixed on the opposite
shore. Moreover, the steel wire was parallel to the water surface of the swimming pool, and the distance
between the steel wire and water surface was 0.5 m. When the steel wire was set, a slider with a pull
sensor was added to the steel wire. The high-speed camera was set at one side of the swimming pool, its
photography direction was perpendicular to the steel wire, and the horizontal distance between the camera
lens and the edge of the swimming pool was 5 m. In the swimming lane of the swimming pool, a buoy
was fixed at the site which was 5 m away from the starting point as the mark of the measurement starting
point, and the other buoy was fixed at the site which was 30 m away from the starting point as the mark
of the measurement end point.
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Figure 3: Schematic diagram of test site

4.4 Experiment Item

® No-load test: no-load test started for the twenty subjects after full preparation exercise. Firstly,
freestyle test was conducted. As this study mainly analyzed the dynamic resistance of arm stroke, in
order to reduce the impact of leg kick, a light foam board was fixed on the leg. The subjects swam with
arms and all the strength. Timing started when the head passed the measuring starting point. The
swimming process was photographed by the high-speed camera. Timing stopped when the head passed
the measuring end point. The swimming speed was calculated by using the video taken by the high-speed
camera. Each subject took turns for three times, and the average value was taken as the final result. The
no-load test steps for backstroke and breaststroke were consistent with freestyle test, and the light foam
board was fixed on the leg to reduce the influence of leg kick [18].

® Load test: after no-load experiment, twenty subjects rested for a period of time, and then the load test
started. Firstly, one end of the cotton thread was fixed at the waist, and the other end was fixed at the tension
sensor connected to the slider. A light foam board was fixed at the leg. Like the no-load test, the subjects
swam with arms and all the strength. The swimming process was recorded by the high-speed camera, and
the additional resistance measured by the tension sensor was also recorded. Each subject repeated each
stroke three times, and the average value was taken. Then the dynamic resistance of each swimmer’s arm
in each stroke was calculated.

4.5 Experimental Results

In the test, after taking the swimming image with a high-speed camera, the average speed of swimming
of every subject before and after load in different swimming postures was calculated according to labels of
timing starting point and end point. The detailed data of the average speed of each subject before and after
load in different swimming postures is shown in Tab. 2, and the comparison figure is shown in Fig. 4. It was
seen intuitively from Tab. 2 and Fig. 4 that the speed of the subjects before load was higher than that after
load when taking the same swimming stroke in swimming with all the strength; when taking the same stroke,
no matter before load or after load, the speed of the school team subjects was always higher than that of the
beginners in the swimming with all the strength. By comparing the speed of the same subject taking different
strokes, it was found that the speed of the subject was the highest when swimming in freestyle, backstroke
was the second, and breaststroke was the lowest.

According to the speed of the subjects before and after load in the swimming with all the strength and the
additional resistance detected by the tension sensor, the dynamic resistance of the subjects taking the three
swimming postures was calculated, as shown in Fig. 5. It was found from Fig. 5 that the dynamic resistance
of school team members was smaller compared with beginners no matter they took which swimming stroke.
The comparison of the dynamic resistance of the same subject taking different strokes suggested that the
dynamic resistance was the largest when the subject swam in breaststroke, followed by backstroke and
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Table 2: The average speed of subjects taking three swimming postures before and after load
Subject number  Freestyle  Freestyle  Backstroke  Backstroke  Breaststroke  Breaststroke
without with load  without with load without load  with load
load m/s m/s load m/s m/s m/s m/s
School team 1.854 1.758 1.555 1.495 1.236 1.195
No. ®
School team 1.847 1.751 1.547 1.489 1.233 1.192
No. @
School team 1.851 1.755 1.551 1.492 1.235 1.194
No. ®
Beginner No. ©®  1.541 1.493 1.205 1.175 1.171 1.148
Beginner No. @  1.505 1.455 1.255 1.226 1.172 1.148
Beginner No. ®  1.565 1.517 1.315 1.287 1.163 1.138
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Figure 4: Comparison of the average speed of subjects taking in three swimming postures before and after load
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Figure 5: The average dynamic resistance of subjects taking three swimming postures in the swimming with

all the strength

freestyle. Overall, the dynamic resistance of the team members were significantly smaller during swimming,
which was because that the swimming posture of beginners were not as standard as the team members who
have trained for a long time and the defect was obviously amplified in the water. The force the human body
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receives during swimming is from water. One part of the resistance to moving one’s arms in the water will be
the resistance, and the other part will be the driving force. The more standard the swimming posture is, the
more the resistance will be transformed to the driving force and the smaller the resistance to advance is.

Due to dynamic resistance f oc v*, it was regarded as f = k -v?, where f stands for the dynamic
resistance, v stands for the swimming speed, and k is the coefficient between them. After k£ was regarded
as the dynamic resistance coefficient, the calculation formula of the dynamic resistance coefficient is
Co=f /vz. The processed results are shown in Fig. 6. It was seen from Fig. 6 that the resistance
coefficient of breaststroke was the largest, backstroke was the second, and freestyle was the smallest. The
comparison of the resistance coefficient between school team members and beginners taking the same
stroke suggested that the resistance coefficient of school team members was about half of the beginners.
When the human body is swimming in the water, there will be turbulence when water flows on the
surface of the human body as it is not an ideal fluid. The Reynolds number of the turbulence changes
with the change of the flow speed, and the resistance caused by the turbulence also changes. In addition,
the human body is not a regular shape such as a cylinder, and the constant change of the human body
movements during swimming aggravates the irregularity of the human body in the water. Therefore,
when the human body adopts different swimming posture, the velocity of water body in local position is
different, and the Reynolds number of turbulence is also different, which leads to different resistance and
resistance coefficient. The body type and weight of the beginners and school team members were close,
and the physical ability was also very close. The difference produced in the test was because that the
school team members swam with standard actions and the beginners swam with non-standard actions,
uncoordinated left arm and right arm and non-uniform swimming speed. The final test results showed that
the non-standard technical action of arm stroke in swimming could lead to the increase of resistance
coefficient, seriously hinder the swimming of human body, and increase the consumption of human body.
Therefore, in swimming training, dynamic resistance coefficient can be used as one of the evaluation
indicator of training effect, and the dynamic resistance coefficient can be used to judge whether the
physical strength enhances or the technique improves after self training.
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Figure 6: The average dynamic resistance coefficient of subjects taking three swimming postures in the
swimming with all the strength

5 Conclusion

In this study, the resistance of human body in swimming was introduced, the dynamic resistance of
human body during arm stroke was described, the principle of micro disturbance method for measuring
the dynamic resistance in the swimming with all the strength was introduced, and the dynamic resistance
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tests of freestyle, backstroke and breaststroke in which only arm stroke was used were carried out on ten
school team swimmers and ten beginners. The results are as follows: (1) the swimming speed decreased
with the increase of micro resistance; the swimming speed of freestyle swimming was the largest,
followed by backstroke and breaststroke; the swimming speed of school team members was larger than
that of beginners; (2) the dynamic resistance of the school team members was smaller than beginners no
matter which swimming posture was taken; the dynamic resistance of the same subject was the largest
when doing breaststroke, followed by backstroke and freestyle; (3) according to the dynamic resistance
and the dynamic resistance coefficient obtained from the no-load swimming speed, the dynamic
resistance coefficient of breaststroke was the largest, the backstroke was the second, and the freestyle was
the smallest; the dynamic resistance coefficient of school team members was smaller than that of
beginners when taking the same swimming posture. The novelty of this study is that the micro
disturbance method is used to measure the dynamic resistance of swimmers when they are swimming.
The micro disturbance method can not only measure the dynamic resistance of human body in
swimming, but also does not affect the swimming action of human body in the process of measurement,
which further increases the accuracy of dynamic resistance measurement.
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