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Analysis of Load Input to Vehicle Body Due to
Diversification of Environment of Towing Device

Jaesung Choi'
Hyundai Motor Accelerated Duarability Development Team

Purpose: This research is to develop Trailer Durability Test of towing device, in order to cover
usage conditions of bike type as well as general type trailer. With the diversification of leisure
activities, the population that enjoys various sports and leisure has increased rapidly, and the
number of vehicles equipped with camping trailers and bike carriers is also increasing steadily.
The purpose of this study is to develop a durable vehicle that has no problem in various customer
conditions.

Methods: We measured the input load under various conditions of the user by attaching load cell
to the body fixing part and towing ball of the towing device. The load in various modes was
measured, and the difference between the trailer and the bike carrier type was compared and
analyzed.

Results: Due to the difference in fixing method and weight between the two types, the trailer has
a large longitudinal force and the bike type has a large vertical force. Therefore, it is necessary to
durability test method capable of satisfying all longitudinal force and vertical force.

Conclusion: We improved the durability test of the towing device by changing the test surface.
The new mode has made it possible to shorten the durability test schedule by increasing test
efficiency.

Keywords: Trailer, Towing Device, Bike Carrier, Durability Test
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Full year 2015 2014 2013 2012 2011
Net sales, SEKm 5320 4556 4153 4004 3813
Underlying EBIT, SEKm 850 718 586 482 490
Operating income (EBIT), SEKm 825 644 517 453 467

Fig. 3 THULE’s net sales and underlying EBIT
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Table 1 Test conditions that reflect customer using conditions

Use Avg distance Mileage/year Number. of Bike weight Total weight
count/year Mounting

Use condition 25.2 124km 3124.8km 1.77 11.2kg 36.8kg

Test condition 50 200km 10,000km 3 15kg 75kg
o} EYEE tuto]x FAA] ARt T5kg 2 & EASH, AR AT} U FEE Haf 7}
Aoz APNARA 553 % 7he, B AR o R ASA S SSA Ak AT 5 AT F
ZAHAE Q1 %601, 7HH Fx)). W IFE (EC) NO 661/20090] ™, W]=S F=ujr}
o] th2 At &3} QA= A EF SAE J6840] 2F
213 37PE W 21 % Fof o) gttt o} <Table 2>, <Table 3>¥} Zo]
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Table 2 SAE J684 regulation

SAE J684 regulation

J—

. Satisfied trailer hitch classification

2. Satisfied tongue load regulation for mounted trailer hitch

3. Satisfied marking requirements for trailer hitch devices
- Manufacturer, Trade Marks, Trade Name, Code symbol, Initials
- Model No., Part No., Class
- Maximum Gross Trailer Weight
- Tongue Load
- Symbol “V-5”
4. Satisfied trailer hitch strength regulation satisfaction

- Test after attaching ball support platform and ball to hitch
- endure 6 step test load

Table 3 Strength test items

Weight Carrying Weight Carrying Weight Distributing Weight Distributing
Step Hitch Hitch Hitch Hitch
Force, kN (1b) Direction Force, kN (1b) Direction
. V = 0.47R+2.135 (480) Downward V = 0.045R+7.339 (1650) Downward
L = 0.47R+2.135 (480) Compressive M = 5.762 (51,000) See Figure 2
b V = 0.23R+6.805 (1530) Tensile V = 0.067R+9.207 (2070) Tensile
L = 0.15R Downward M = 0.15R Downward
. V = 0.23R+6.805 (1530) Downward V = 0.067R+9.207 (2070) Compressive
L = 0.15R Downward M = 0.15R Downward
d T = 0.20R+2.224 (500) Leftward T = 0.20R+2.224 (500) Leftward
e T = 0.20R+2.224 (500) Rightward T = 0.20R+2.224 (500) Rightward
) ) M = 2.367X+2.372 See Figure 2
f Not applicable Not applicable V = 0.15R Downward
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Table 4 The difference between a trailer and a bike

Weight Allowed weight Mount type Load distribution Input load
Trailer 700~900kg 80~100kg Ball Joint Tow ball+wheel 3 axial load
Bike 60kg 60km Clamping Tow ball 3 axial load+3 moment

@ Fi

L]
Trailer ] Fw Bike

Fig. 5 Load distribution

Loadcell
Loadcell

Mountin;
- R Loadcell

Fig. 6 Load cell location
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Fig. 8 Measured result under general condition
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Fig. 11 Test road(Sinewave, Belgian road, Pothole,

Washboard)
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Table 5 Test condition mode variable

Speed T

Mode | Test road (lI:;lel) Condition loa(I)(leg)

Event road - TC 80~120

M1 TC 80~120
Rough road | 30~40

BC 45~75

Event road - TC 80~120

M2 ) TC 80~120
High speed 100

BC 45~75

Event road - TC 80~120

M3 . TC 80~120
Sine Wave 40

BC 45~75

Event road - TC 80~120

M4 Wash 30 TC 80~120

Board BC 45~75
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Table 6 Measured equivalent load results

Equivalent load Carlos Event/Rough road Event/Sinewave road
Fx 63.36 128.02 127.99
Fy 44.65 50.38 49.84
Fz 43.38 45 44.83
Table 7 Modified mode
Previous mode Improved mod
Device Road Assignment Time Device Road Assignment Time
Trailer Event road 83% 22day Trailer Evnet road 54% 15day
High speed 17% Sday Bike Sinewave 46% 6.2day
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* Survey of bicycle use conditions
cafe.naver.com/bikecity,
cafe.naver.com/biketravelers,
cafe.naver.com/bbvic,
cafe.naver.com/verahavi



