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Abstract. At present, a lot of passenger cars and light trucks are equipped with the dual mass flywheel, which 

can decrease the non-uniformity of the indicated engine torque. In engine bench test, the secondary mass of the 

dual mass flywheel can’t be fixed because there is no transmission system on the test bench. As a result, the 

secondary mass of the dual mass flywheel will have radial and circumferential movements, which may lead to a 

damage to the dual mass flywheel. This paper presents an improved design of the crafting tool for the dual mass 

flywheel to protect the secondary mass during the engine bench test. For the improved design, the cylinder body is 

used for the positioning of the crafting tool, and a spline shaft and a ball bearing of centripetal adjustment are 

chosen to fix the secondary mass. Through this tool, the dual mass flywheel engine can be tested on the test bench 

without a starting shaft, and the disassembling of the engine flywheel bolts during the hot test can be avoided. 

1 Introduction  

With the ever-increasing demand to improve noise, 

vibration and harshness (NVH) in vehicles, the dual 

mass flywheel (DMF) becomes one of the most 

significant power train contributions to the vehicles 

NVH. The DMF’s primary aim is to reduce rattle and 

boom at various driving conditions. In 1985, BMW 525E 

was the first to put DMF into production in automotive 

history. They used a non-lubricating damper consisting 

of 8 straight-line heavy spring outside. Because the 

structure had serious wear problems, the first DMF has a 

short service life. The first lubricated DMF was used 

around 1987, in which a spring was used as an external 

damper and the lubricating oil was stored in the groove 

of the spring. Because of the existence of lubricating oil, 

the life of the DMF was elevated obviously. The arc 

spring damper was introduced in 1989, which was a 

breakthrough of the DMF. Due to this technology, the 

cost of the DMF fell immediately and the resonance 

problems were also solved. With the progress of 

technology and the reduction of cost, the application of 

DMF becomes more and more popular[1-3]. Luk’s DMF 

was produced and sold about 100 million units in 

2015[4,5]. The DMF consists of two separate flywheels 

connected by an arc-spring for damping the engine 

oscillations, which is linked to the engine’s crank shaft 

directly. The adjustment between masses and spring-

damper is determined in a way to realize a mechanical 

low pass filter to reduce the cyclic irregularity of the 

engine torque[6-9]. The DMF divides the single mass 

flywheel (SMF) into two parts. One part is retained at 

the side of the engine to act as the SMF for starting and 

transmitting the rotational torque of the engine, which is 

called the primary mass. The other part called the 

secondary mass is placed at the transmission side to 

increase the rotational inertia[10].  

The bench test is an important procedure of the 

engine production, which can detect effectively the 

leakage of the fuel, the water and the air as well as the 

abnormal sound[11]. During the bench test of the DMF 

engine, there is usually no transmission system on the 

test bench which is used to fix the secondary mass. The 

secondary mass will be jerked relative to the primary 

mass, which may lead to a damage to the DMF. Thus 

when the engine is equipped with the DMF, the common 

solution is to use the SMF for bench test and after the 

bench test completed, the SMF is replaced with the DMF. 

However, this way will increase the cost of manufacture 

and can’t validate the DMF effectively. In order to 

realize the bench test of the DMF, a kind of crafting tool 

structure was developed by Anhui Jianghuai Automobile 

Group Corp (JAC) [12]. This company used a crafting 

tool to fix the secondary mass by four lengthened bolts. 

The crafting tool designed can guarantee the secondary 

mass rotating with the primary mass when the DMF is 

working, but it also needs to disassemble half of the 

flywheel bolts (80-120Nm). The JAC’s design firstly 

realized the bench test of the DMF engine, but there are 

two shortages with this kind of design. The first one is 

that the DMF crafting tool can only be used on the bench 

test with a starting shaft. The second one is that the 

flywheel bolts must be disassembled during the bench 

test process. Until now, there is no case taken as example 

for the DMF engine without disassembly the flywheel 

bolts. In this paper, an improved design is provided for 

the bench test crafting tool for the DMF engine to 

overcome the shortcomings of the previous design. The 

bench test crafting tool developed comprises of three 

parts: tool body, ball bearing and spline shaft. The 
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adjustment between the ball bearing inside the tool body 

and the spline shaft connected to the DMF is chosen to 

prevent the secondary mass swinging during the engine 

bench test.  

The paper is organized as the following: the 

operational principle of DMF and the design scheme of 

the crafting tool is described in detail in Section 2. 

Section 3 presents the previous and the improved design 

of crafting tool for the DMF. Conclusions are provided 

in Section 4. 

2 Details about the design  

2.1. The operational principle of DMF  

The DMF is generally mounted between the engine and 

the gearbox, and the engine crankshaft is connected to 

the primary mass of the DMF to drive the flywheel to 

rotate, and the secondary mass is suitable for the gearbox 

to transfer power[13-15]. The primary and the secondary 

masses are connected by the spring, and the torsional 

vibration can be eliminated by the counter-rotation of the 

two masses[16,17]. However, during the power 

transmission process, the vibration of engine may induce 

the disalignment between the engine crankshaft and the 

gearbox input shaft. This disalignment may lead to an 

extrusion deformation between the primary and the 

secondary masses, affect the NVH performance of the 

vehicle and even make damage to the DMF. At present, 

the DMF usually has a centrifugal pendulum structure, 

and the periodical swing of the pendulum mass makes it 

as a short-term energy storage device, which can 

eliminate the torsional vibration in the power 

transmission system and solve the above disalignment 

problems effectively. A centrifugal pendulum-type DMF 

comprises of flanges, multiple pendulum weights on 

flanges and connecting pins. The pendulum mass and the 

flange are comprised with grooves, and the connecting 

pins are equipped with the grooves so that the pendulum 

mass can centrifugally swing under the limitation of the 

grooves and the connecting pins[18,19]. The pendulum 

mass swings along the circumferential direction, and 

when it reaches the limiting position relative to the 

flange, the pendulum mass will contact with the damping 

component and then stop swinging. In this way, the 

impact and noise caused by the swing of the DMF in the 

circumferential position are weakened or eliminated. 

Figure 1 shows the schematic of the required position for 

the DMF crafting tool. 

In the periodical swinging process of the pendulum 

mass relative to the flange , the damping component 

switches between the working and non-working states. 

There is a certain relationship between the central angle 

of the gap on the pendulum mass θ and the central angle 

of the bulge part δ. As shown in Figure 1, the two 

limiting positions of the pendulum mass swing relative 

to the flange on circumferential periodically as l1 and l2. 

l1 is the left limiting position of the pendulum mass 

swinging along the anti-clockwise, while l2 is the right 

limiting position of the pendulum mass swinging along 

the clockwise. Between the two positions, the maximum 

rotation angle of the pendulum mass relative to the 

flange is β, thereinto the maximum angle that drives the 

damping component to rotate relative to the flange is 2γ. 

In Figure 1 define the free angle as α. The region 

corresponding to the free angle α is not covered by the 

trajectory of the pendulum mass relative to the flange 

when the pendulum mass swings periodically. Therefore, 

if the central angle of the bulge part δ is smaller than the 

free angle α, the pendulum mass will not touch the 

damping component, and then the damping component 

will not be in working state and have no buffer function. 

While if the central angle of the bugle part δ is too large, 

the non-working state of the damping component will be 

too small or even no space, which will hinder the normal 

centrifugal swing of the pendulum mass. In practical 

applications, the recommended value of γ is about 2°, 

and δ is slightly larger than α. Moreover, the central 

angle of the gap on the pendulum mass gap θ needs to be 

slightly larger than the central angle of the bulge part δ, 

so that the displacement of the pendulum mass is 

approximately in the middle of the two limiting positions 

of the circumferential oscillation, which will not be 

impeded by the damping component. That is to say, at 

the condition δ<θ-β/2, the pendulum mass can operate 

smoothly in the working process of the DMF[20]. 

 
Figure 1. The schematic of the required position for the DMF 

crafting tool (1-the pendulum mass, 2-the damping component, 

3-the bulge part, α-the free angle, β-the maximum rotation 

angle of the pendulum mass relative to the flange, γ-1/2 of the 

maximum rotation angle of the damping component relative to 

the flange, δ-The central angle of the bulge part, θ-the central 

angle of the gap on the pendulum mass gap, l1-the limiting 

axial swing position of the pendulum mass along anti-

clockwise, l2-the limiting axial swing position of the pendulum 

mass along clockwise) 

2.2 The design scheme of the crafting tool  

In view of the DMF operational principle, two directions 

of constraint needs to be satisfied in order to achieve the 

DMF bench test. Firstly, the DMF with a pendulum mass 

should ensure the secondary mass circumferential 

movement meet the requirement of the damping 

component, as shown in Figure 1. In fact, the condition 

δ<θ-β/2 is very difficult to meet in practice, and an 

alternative way that fixed the secondary mass in the 

primary mass is considered in this paper. Secondly, 

during the operation process of the DMF, if the engine 

crankshaft and the gearbox input shaft are disalignment, 

there will be a radial clearance between the primary and 

the secondary masses. When the radial clearance is large 
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enough, there may be an internal force in the DMF that 

may result in a damage to the DMF. Hence, the crafting 

tool must confirm the secondary mass has no radial 

displacement during the bench test and the 

circumferential swing meet the working range of the 

centrifugal pendulum structure. 

At present, a spline shaft is used to connect the 

engine crankshaft with the secondary mass so that the 

secondary mass can be driven when the engine 

crankshaft drives the primary mass. When the DMF is 

working on the test bench, the gears of the spline shaft 

engage with the gears of the secondary mass to ensure 

the primary and secondary masses without relative 

movement in circumferential and radial directions. 

Figure 2 shows the structure of the crafting tool for the 

DMF at present. The crafting tool developed in this 

paper consists of three parts: tool body, ball bearing and 

spline shaft. The tool body is comprised with two 

connecting plates, which is connected with the cylinder 

body by four fixed bolts. The connecting plates are also 

equipped with positioning ring for localization during 

the installation. The core components of the crafting tool 

are the spline shaft and the ball bearing. The 

coordination of the spline shaft and ball bearing drives 

the secondary mass to run in an appropriate space in the 

process of the bench test operation. The existence of the 

ball bearing can ensure that the tool body doesn’t rotate 

when the DMF is working. At last, in order to reduce the 

weight of the crafting tool and the labor intensity 

effectively, the crafting tool is chosen to be made of 

aluminum alloy and 26 weight-reducing holes are also 

added on the tool body. 

 
Figure 2. The structure of the crafting tool for the DMF in 

present 

3 Results and discussion 

3.1 The previous design of crafting tool for the 
DMF 

In order to realize the bench test of the DMF engine, few 

papers has been carried out on the DMF engine bench 

test tool. Figure 3 shows a kind of crafting tool structure 

developed by Anhui Jianghuai Automobile Group Corp 

(JAC). The JAC’s crafting tool comprises of the tool 

body and the lengthened fixing bolts. The tool body is 

provided with the installation surface which is pressed 

on the outer surface of the secondary mass of the DMF. 

Four installation holes are also equipped on the tool 

body, and the lengthened fixing bolts pass through the 

installation holes mentioned above, the through-hole of 

the primary and secondary masses and are fixed on the 

engine crankshaft firmly. The four installation holes are 

preferably chosen as counterbore so that the lengthened 

fixing bolts are completely located in the installation 

holes to prevent the interference between the lengthened 

fixing bolts and the surrounding parts during the bench 

test. Specifically, the JAC’s DMF engine normally has 8 

flywheel bolts. Half of them are used to fix the flywheel 

on the engine crankshaft before the bench test, and the 

other 4 flywheel bolts will be replaced by 4 lengthened 

bolts to fix the tool body to prevent the axial movement 

of the secondary mass and the relative rotation between 

the primary and secondary masses during the bench test. 

In addition, in the JAC’s structure, an installation hole is 

also provided to fix the starting shaft of the bench test, 

which is applicable to the central starting mode test 

bench. The installation holes of the bench test starting 

shaft are designed as spline holes, and the starting shaft 

is fixed on the tool body by the spline. Because the tool 

body is meshed with the secondary mass by the starting 

shaft of the test bench, the crafting tool will rotate with 

the DMF, thus ensuring the DMF isn’t damaged during 

the bench test. After the engine bench test, the 4 

lengthened fixing bolts and the crafting tool are removed, 

and 4 flywheel bolts are replaced to fix the DMF for 

regular working of the engine. The crafting tool 

developed by the JAC is the first time to realize the 

bench test of the DMF, and the process of the DMF 

replacement is also cancelled by the optimized design. 

However, this design is only applicable to the engine test 

bench with a starting shaft, while the engine test benches 

in most production lines have no starting shafts. For this 

type of test bench, the test engine needs to start up with 

the self-carried starter, so the JAC’s design can’t be used 

in this method. Meanwhile, for this kind of crafting tool, 

4 flywheel bolts (80-120Nm) still need to be 

disassembled, which leads to a high labor intensity. 

 
Figure 3. The structure of crafting tool for the DMF by JAC 

(A-the secondary mass, B-the primary mass, C-engine 

crankshaft, D-starting shaft of the test bench, 1-tool body, 2-

lengthened fixing bolts, 3-installition through-hole) 

3.2 The improved design scheme 

In view of the JAC’s design, the radial, axial and 

circumferential directions of the secondary mass are 

totally restricted on the primary mass. Actually, 

according to the principle of the DMF, there is no need 

to restrict the axial movement of the secondary mass. 
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Therefore, in order to avoid the assembly and 

dismounting of the flywheel bolts, the cylinder body is 

chosen to position the crafting tool in the present 

improved design. The crafting tool can be connected 

with the secondary mass of the DMF through the ball 

bearing in the center, so that only the spline shaft rotates 

with the DMF when the flywheel is working, while the 

crafting tool does not rotate. Figure 4 shows the 

assembly position of the crafting tool for the DMF. As 

shown in Figure 4, the DMF crafting tool developed in 

the present study comprises of three parts: tool body, 

spline shaft and fixing bolts. There is a spline shaft hole 

in the center of the tool body, and both sides of the tool 

body are provided with connecting plate. The connecting 

plate is provided with four installation holes through 

which the tool body is fixed on the engine by the fixing 

bolts, and the end surface of the tool body is the 

mounting surface that fit with the cylinder body. At the 

same time, a centripetal adjustment ball bearing is also 

arranged in the center position of the tool body. The 

spline shaft passes through the installation hole and 

connects with the tool body through the centripetal 

adjustment ball bearing.    

During the engine bench test, one end of the spline 

shaft is extended to the crankshaft of the engine and the 

other end is into the centripetal adjustment ball bearing. 

The gear in the spline shaft is completely meshed with 

the secondary mass gear of the DMF, and the 

engagement between the gear of the spline shaft and the 

secondary mass is chosen to realize the fixing of the 

secondary mass on the bench test. The four installation 

holes on the tool body are aligned on the installation 

holes on the cylinder body respectively, and then the tool 

body is fixed on the cylinder body by the fixing bolts. 

Through this method, the crafting tool can prevent the 

relative rotation between the primary and secondary 

masses of the DMF during the engine working, and the 

damage to the DMF caused by the abnormal relative 

motion between the two masses can also be avoided 

effectively. Moreover, due to no need to replace the 

SMF for the bench test, the crafting tool is good for the 

cost saving and the performance of the DMF can be 

detected better. 

 
Figure 4. The assembly position of the crafting tool for the 

DMF at present (A-the secondary mass, B-the primary mass, 1-

tool body, 2-spline shaft, 3-fixing bolts, 4-connecting plate, 5-

ball bearing, 6-cylinder body) 

According to the improved design, the engine 

crafting tool for the DMF can work efficiently in bench 

test. Figure 5 shows the actual picture of the crafting tool 

and the installation position. In practice, a position ring 

is installed on the tool body for positioning in the 

installation process. Meanwhile, the centripetal 

adjustment ball bearing in the center of the tool body is 

connected with the tool body through the connection 

block. A groove is also equipped on the center of the 

connection block for the centripetal adjustment ball 

bearing, and the outside part of the centripetal 

adjustment ball bearing is fixed in the center of the tool 

body through a clamping spring. The connection block is 

unnecessary to be installed when the crafting tool is 

using. During the engine bench test, the stress on the tool 

body is small, and it is often not necessary to install all 4 

lengthened fixing bolts. Generally only 2 diagonally 

bolts are needed to further reduce the workload. 

  
Figure 5. The actual picture of the DMF crafting tool and 

installation position 

4. Conclusions 

In this paper, an improved designed engine bench test 

crafting tool was developed for the DMF engine. 

Compared with the previous design, the improved design 

mainly optimizes the following aspects. Firstly, the 

improved design can be used on the test bench without a 

starting shaft. By connecting the spline shaft with the 

secondary mass, the test engine can be started by the 

starter carried by itself during the bench test. Secondly, 

the improved design eliminates the restriction on the 

axial movement. In the improved design, only the 

circumferential and radial movements of the DMF are 

restricted, and due to reduction of the restriction 

conditions, the fixture does not depend on the crafting 

tool itself for positioning. At last, the improved design 

can be used without removing the flywheel bolts. 

Because the crafting tool uses the cylinder body for 

positioning, only 2 positioning bolts are needed to 

tighten on the cylinder body. The secondary mass can be 

fixed by the spline shaft, which can avoid disassembly of 

the flywheel bolts. Through these methods, the improved 

design has achieved excellent results, and the production 

efficiency is improved obviously. 
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