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ABSTRACT

Solid tire using with forklift truck has problems about the vibration during running.
There are unbalances in solid tire due to the absence of the uniformity of cross section shape
about rotating axis. The manufacturer has search for the manufacturing process that can control
the uniformity of the shape of the solid tires that are using the new rubber sheet roller, process of
perform and process of procure. In this research is to study the vibration behavior of the solid
tires by rolling on the drum test machine with compression and vary the speed. The causes of the
vibration response are inspected that are the stiffness balance, inner shape uniformity of cross
section and the density balance about rotating axis of solid tires compared to other standard solid
tires. It is found that the vibration response of the solid tires by the new processes become lower
and better than some standard tires. Merely process of using the new rubber sheet roller is the
best in this research because it can control the uniformity of the shape, increase the density and

reduce the vibration response.
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Deformation of tyre No.1

,é\ 10 -
E .
IS
8 6 - —x—Load 974 kg
L —+—Load 1217 kg
% 4 —e—Load 1461 kg
(@) 3 | —a—Load 1704 kg
5 ] —&— | 0ad 1946 kg
1 ,
0
0
Position
Load (kg) 974 1,217 1,461 1,704 1,946
SD 0.05 0.08 0.10 0.13 0.16
Max 3.393 6.318 8.910 | 11.106 | 13.267
Min 3.240 6.054 8.535 | 10.648 | 12.703
Max-Min 0.153 0.264 0.375 0.458 0.564
mean 3.319 6.174 8.703 | 10.850 | 13.023
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Displacement (mm)

Deformation of tyre No.5

—¥—Load 974 kg

|—e—Load 1217 kg
|—e— Load 1461 kg
—a—Load 1704 kg
—s— | oad 1946 kg

15 16 17 18
Position

Load (kg) 974 1,217 1,461 | 1,704 | 1,946
SD 0.21 0.21 023| 022] 022
Max (mm) 3.117 5769 |  7.949 | 9.894 | 11.303
Min (mm) 2.473 5097 | 7.125| 9.133 | 10.543
Max-Min (mm) | 0.644 0.672 | 0824 | 0.761 | 0.760
Mean (mm) 2.826 5.375 7.578 | 9.492 | 10.917

{ @ 9 Y 1 { o 1
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Deformation of tyre No.8

—¥—Load 974 kg

—e—Load 1217 kg
—e— | oad 1461 kg
—a— | oad 1704 kg
—s—| oad 1946 kg
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Deformation of tyre No.9

E 8”77\77777!’77777 7777777777777 \77777‘7 777777777777777 1

D | | | | | | | |

e 71 : By ‘

O 6 ¢t ettt Sk Load OTd kg
® 5] | 1 ! b —— Load 1217 kg
S T S O S A S S —e— Load 1461 kg
[a

3 | KOHTHTHTK H—pH—H—H—X HK—HK—K—¥—X | —a— Load 1704 kg

2 b —8—Load 1946 kg
T e b |
0 1 1 1 T 1 T T T T 1 1 T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Position
Load (kg) 974 1,217 1,461 | 1,704 | 1,946
SD 0.06 0.13 0.16 0.22 0.22
Max (mm) 3.564 6.420 8.859 | 10910 | 12.757
Min (mm) 3.270 5.980 8.314 | 10.240 | 12.044
Max-Min (mm) 0.294 0.440 0.546 | 0.669 | 0.712
Mean (mm) 3.415 6.190 8.581 | 10.605 | 12.434

31 4.4 nEaaTzEzgURIVEIRDYIIRIDE1N 9 MNTINTZIHIA1 9
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Deformation of tyre No.23

Displacement (mm)
(o]

21 | | | o—+—o —*—Load 1217 kg

—¥—Load 974 kg

—8— | oad 1461 kg
—a— | oad 1704 kg
—s—| oad 1946 kg

T 12 s 456 78 omniiiets s s
Position

Load (kg) 974 1,217 1,461 | 1,704 | 1,946
SD 0.10 0.12 0.16 0.25 0.24
Max (mm) 3.972 7.468 | 10.617 | 13.412 | 16.084
Min (mm) 3.538 6.910 9.963 | 12.588 | 15.153
Max-Min (mm) 0.435 0.558 0.654 | 0.824 | 0.931
Mean (mm) 3.732 7.110 10.281 | 13.017 | 15.670
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ﬂ'1!‘l=J'lEl~i!‘lJ1!N1ﬂ'i§1u
Tyre NO.
Load 974 kg | Load 1217 kg | Load 1461 kg | Load 1,704 kg | Load 1,946 kg
1 0.05 0.08 0.10 0.13 0.16
2 0.06 0.09 0.12 0.14 0.13
3 0.05 0.05 0.08 0.11 0.12
4 0.06 0.16 0.25 0.30 0.28
5 0.21 0.21 0.23 0.22 0.22
6 0.18 0.20 0.20 0.28 0.39
7 0.21 0.27 0.29 0.31 0.35
8 0.06 0.10 0.13 0.16 0.18
9 0.06 0.13 0.16 0.22 0.22
10 0.15 0.28 0.36 0.43 0.46
11 0.05 0.15 0.18 0.21 0.23
12 0.04 0.09 0.10 0.16 0.12
13 0.09 0.09 0.12 0.13 0.14
14 0.10 0.18 0.22 0.23 0.26
15 0.06 0.11 0.10 0.08 0.14
16 0.05 0.05 0.07 0.11 0.13
17 0.08 0.08 0.12 0.16 0.19
18 0.10 0.13 0.16 0.16 0.17
19 0.07 0.08 0.07 0.08 0.13
20 0.05 0.13 0.22 0.17 0.17
21 0.09 0.11 0.12 0.14 0.13
22 0.11 0.11 0.12 0.10 0.14
23 0.10 0.12 0.16 0.25 0.24
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Vibration displacement Peak to Peak in x-direction at 600 rpm motor
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Vibration displacement Peak to Peak in x-direction at 800 rpm motor
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Vibration displacement Peak to Peak in x-direction at 900 rpm motor
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Vibration displacement Peak to Peak in y-direction at 600 rpm motor
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Vibration displacement Peak to Peak in y-direction at 700 rpm motor
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Vibration displacement Peak to Peak in y-direction at 800 rpm motor
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Vibration displacement Peak to Peak in y-direction at 900 rpm motor
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Process
Freq.72CPM | Freq.84CPM | Freq.108CPM | Freq.120CPM | Freq.144CPM | Freq.156CPM
1 0.447 0.447 0.438 0.440 0.438 0.443
2 0.376 0.376 0.380 0.373 0.373 0.375
3 0.351 0.357 0.357 0.349 0.348 0.349
4 0.344 0.333 0.335 0.337 0.338 0.332
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Deformation of tyre No.1

14
13
12
11
g 10
= 9
S 8
e 7
8 6 —J¥—Load 974 kg
iR —e—Load 1217 kg
Q.
%) 4 —e— | 0ad 1461 kg
(@] 3 —aA— Load 1704 kg
) —8— | 0ad 1946 kg
1 IR
0 — —
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Position
Load (kg) 974 1,217 1,461 | 1,704 | 1,946
SD 0.05 0.08 0.10 0.13 0.16
Max 3.393 6.318 8.910 | 11.106 | 13.267
Min 3.240 6.054 8.535 | 10.648 | 12.703
Max-Min 0.153 0.264 0.375 0.458 0.564
mean 3.319 6.174 8.703 | 10.850 | 13.023
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—¥—Load 974 kg

——Load 1217 kg
—o—oad 1461 kg
—a— | oad 1704 kg
—=—| oad 1946 kg
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Displacement (mm)

Deformation of tyre No.3

—¥—Load 974 kg

| [ [ |
| | | |
6 —é o o P P A‘ L o A‘ o L *A
) V9 7 7 ¥ |—e—Load 1217 kg
4 | | | | |
Lo ! Lo —e—Load 1461 kg
4 4 | | | I I
| | | | |

—a—Load 1704 kg

I A L e e i e —=—Load 1946 kg

Position
Load (kg) 974 1,217 1,461 | 1,704 | 1,946
SD 0.05 0.05 0.08 0.11 0.12
Max (mm) 3.243 5.804 8.055 | 9.982 | 11.744
Min (mm) 3.051 5.652 7.758 | 9.555 | 11.284
Max-Min (mm) 0.191 0.152 0.296 | 0427 | 0.461
Mean (mm) 3.132 5.705 7.893 | 9.748 | 11.500
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Deformation of tyre No.4

——Load 974 kg
| —e—Load 1217 kg

—a—Load 1704 kg

—a— L oad 1946 kg

1—e—Load 1461 kg
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Deformation of tyre No.5

—¥—Load 974 kg
—e—Load 1217 kg
—e— | oad 1461 kg
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Displacement (mm)

Deformation of tyre No.6

—¥—Load 974 kg

—e— Load 1217 kg
—e— L oad 1461 kg
—a— L oad 1704 kg
—a—| oad 1946 kg

3141

7 8 9 10 11 12 1 16 17 18
Position

Load (kg) 974 1,217 1,461 | 1,704 | 1,946
SD 0.18 0.20 020 028 039
Max (mm) 3.201 5739 | 7.799 | 10.128 | 11.926
Min (mm) 2.549 4935 | 7.105| 9.145| 10.572
Max-Min (mm) | 0.653 0.804 | 0.694 | 0.983 | 1.354
Mean (mm) 2.868 5205 | 7.446 | 9.504 | 11.113
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Deformation of tyre No.7

e 1
S '
£ 1
(¢D) |
e ‘ - - —¥—Load 974 kg
L5 /*NW—H —+—Load 1217 kg
T A A Yo [ —e— L oad 1461 kg
Q45 1 1 o L —a— Load 1704 kg
O 7 TN TR AT T L e 1ot kg
L L S
O T 3 T T T 3 T 3 3 T T 3 3 T T 3
0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Position
Load (kg) 974 1,217 1,461 | 1,704 | 1,946
SD 0.21 0.27 029 | 031 0.35
Max (mm) 3.093 5.629 7.784 | 9.556 | 10.922
Min (mm) 2.292 4.561 6.475 | 8219 | 9.661
Max-Min (mm) 0.801 1.068 1.309 | 1.337 1.261
Mean (mm) 2.784 5.246 7.303 | 9.095 | 10.452
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Deformation of tyre No.8

E 10 ¥ '
E ] | |
= _— R B
(&} 7 | : : o :+Load 974 kg
g 6 4ttt g+, |—+load 1217kg
3 5. | | | o | —e— Load 1461 kg
& 4. __|—aload1704kg
5 5l HHHHHHHHHHHHH@IHH | —s—Load 1946 kg
L R
0 T T T T : T : T T : T : : T :
01 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18
Position
Load (kg) 974 1217 | 1461 | 1,704 | 1,946
SD 0.06 0.10 013| 0.16/| 0.18
Max (mm) 3.541 6.368 | 8.788 | 10.871 | 12.769
Min (mm) 3.272 6.024 | 8308 | 10.343 | 12.189
Max-Min (mm) | 0.269 0344 | 0479 | 0.528| 0.580
Mean (mm) 3.415 6.177 8.548 | 10.574 | 12.427
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Deformation of tyre No.9

—=— | oad 1946 kg

|—¥—Load 974 kg

|—e—Load 1217 kg

|—@—Load 1461 kg
~_ . |—a—Load 1704 kg
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Displacement (mm)

e ol i O
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Deformation of tyre No.10

—¥—Load 974 kg

|—e—Load 1217 kg

—e— | oad 1461 kg
—a—Load 1704 kg

—=&—| oad 1946 kg

0
18
Position
Load (kg) 974 1,217 1,461 | 1,704 | 1,946
SD 0.15 0.28 0.36 0.43 0.46
Max (mm) 3.776 6.919 9.441 | 11.647 | 13.843
Min (mm) 3.275 5.861 8.161 | 10.127 | 12.010
Max-Min (mm) 0.500 1.058 1.280 | 1.519 1.832
Mean (mm) 3.519 6.297 8.665 | 10.730 | 12.690
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Deformation of tyre No.11

€
10
=
= 9
[
o ° : : A
E 7+ tomm-- AR Pl —x—Load 974 kg
§ 6] Yty e+ Load 1217kg
= ST deseeeoooo s e —o— Load 1461 kg
.‘DL’ 1 ek « ! ;5 K | ——Load 1704 kg
S . —=— | oad 1946 kg
2 +-—-—---——- o R i |
14 | | R |
0 T T T 1 T T T 1 T T T 1 1 1 T T T 1
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Position
Load (kg) 974 1,217 1,461 | 1,704 | 1,946
SD 0.05 0.15 0.18 0.21 0.23
Max (mm) 3.514 6.471 8.938 | 11.101 | 13.047
Min (mm) 3.323 5.885 8.149 | 10.218 | 12.181
Max-Min (mm) | 0.191 0.586 0.789 | 0.883 | 0.866
Mean (mm) 3.434 6.180 8.487 | 10.527 | 12.442

UM all uaAeTZozgUAVIADENAI0E1 11 NTINTRIAN 9

78



Displacement (mm)

Deformation of tyre No.12

—¥—Load 974 kg

—e—Load 1217 kg
—e— | oad 1461 kg
—a—Load 1704 kg
—s— | oad 1946 kg

Position
Load (kg) 974 1,217 1,461 1,704 1,946
SD 0.04 0.09 0.10 0.16 0.12
Max (mm) 4.043 7.597 10.744 | 13.637 | 16.235
Min (mm) 3.854 7.261 10.402 | 13.083 | 15.836
Max-Min (mm) 0.190 0.336 0.342 0.554 0.399
Mean (mm) 3.959 7.375 10.522 | 13.250 | 16.019
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Displacement (mm)

Deformation of tyre No.13

7777777777777777777777777777777777777 —*—Load 974 kg
7L e+ |+ 0ad 1217 kg

—e—Load 1461 kg
***** oo |—a—Load 1704 kg

IR SRR R KX | e 0ad 1046 kg

27777\ 77777 |
14-4----- T T ]

0 : T : T T T T T T T T T T T T T T ‘\
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Position
Load (kg) 974 1,217 1,461 | 1,704 | 1,946

SD 0.09 0.09 0.12 0.13 0.14

Max (mm) 4233 7.627 | 10.806 | 13.712 | 16.322
Min (mm) 3.850 7.306 | 10.422 | 13.247 | 15.821
Max-Min (mm) | 0.383 0.321 0.384 | 0.466 | 0.501
Mean (mm) 3.999 7499 | 10.653 | 13.444 | 16.095
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Deformation of tyre No.14

—¥¢—Load 974 kg

—e—Load 1217 kg
—e— L oad 1461 kg
—a—Load 1704 kg
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Deformation of tyre No.15

d 1461 kg

—a—Load 1704 kg
—s— | oad 1946 kg

—e— Load 1217 kg

—¥—Load 974 kg
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Deformation of tyre No.16

S
S
= | . I
q-) | | | | | |
g B D TR - |—%—Load 974 kg
L e 9+
=5 8T o T I |—e—Load 1461 kg
-g i:’l ”””” R o l—+—Load 1704 kg
S oo | —e—Load 1946 kg
TR R B S R
e I R it Fo
0 1 T T 1 1 T T T T 1 1 T T 1 1
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Position
Load (kg) 974 1,217 1,461 1,704 1,946
SD 0.05 0.05 0.07 0.11 0.13
Max (mm) 4.016 7.299 10.084 | 12.506 | 14.881
Min (mm) 3.822 7.097 9.822 | 12.144 | 14.412
Max-Min (mm) 0.194 0.202 0.263 | 0.362| 0.470
Mean (mm) 3.942 7.188 9.946 | 12.384 | 14.679
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Deformation of tyre No.17
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Deformation

of tyre No.18

14
13
12 +
— 11 +
E 10
E \
S g1 — e |
g . ; ; ! —¥—Load 974 kg
S e e, , |—+—Lload 1217kg
Ko 1 1 1 —e— L oad 1461 kg
> A | | —a— Load 1704 kg
D | KRR T T SRR | —e— Load 1946 kg
24 l l l
14 | | ;
0 : T T ; T T ; T T T T T T T ;
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Position
Load (kg) 974 1217 | 1,461 | 1,704 | 1,946
SD 0.10 0.13 016 | 0.16| 0.17
Max (mm) 3.737 6.561 | 9316 | 11.639 | 13.788
Min (mm) 3.395 6.165 |  8.783 | 11.003 | 12.997
Max-Min (mm) | 0.342 0396 | 0533 | 0.636| 0.791
Mean (mm) 3.538 6.371 9.030 | 11.369 | 13.428
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Deformation of tyre No.19

)
O X X X X
X N o g ©
<t <4 © O <
N NS KO
o« o - -
T T T T T
T 8 @ © ®©
© O 0 0o ©
J 3 a3 3 4
T I
| | | |
| | | |
| | | |
| | | |
| | | | =
| | | |
| | | |
| | | |
| | | |
| | | | |-
| | | |
| | | |
| | | | =
| | | |
| | | |
| | | |
| | | |
| | | | |-
| | | |
| | | |
i [ e N
| | | |
| | | |
| | | |
| | | |
| | | | [
| | | |
| | | |
D 4 N [ e .
| | | |
| | | |
| | | |
| | | |
— - === — - == + - — - = -4 == - -
| | | |
| | | |
T TeT T T T T — [ e .
| | | |
| | | |
| | | |
| | | |
- - % - - - -4 == - -
| | | |
| | | |
Trooao-er T T T T (I
| | | | |
| | T | | |
o M~ < M N +H O

o
) luswaoe|dsIq

€
£ 101

10 11 12 13 14 15 16 17 18

7 8 9
Position

6

'
~

\O o < 0 O o>~
< — — on o~ Lal
Al s | | L T
— on on (e on
— — —
< e} o0 o \O N
=] S o~ (e o~ on
S s ™ = | 9] o
— — — (a») —
— — —
— >~ — N [®)) (=]
\O (e [*)) N O [
S| ] N d| x
— [ee] o0 [w] [c.]
o~ [e2] <t ~— on v
— S <t o~ o~ 0
N S| T =] ) o
— O O o O
N >~ o [N \O o~
>~ S <t \O o~ —
S S| 2| ) O =
on on [e] on
E

~

— ~_
£ E| | E|
~ a /m\ £ = ~
= 7 N’ o =
s o s = o
=) -1 o p— v_A 5
~ = | = k =

519 a19 uanes

U

o

MAN 9

@
@

AIDYN 19 NUITINT

[

Y

YZgUAIVDIA DY

Q

@
@



87

Deformation of tyre No.20

—e— | oad 1461 kg
—a— Load 1704 kg
—=— | oad 1946 kg

—4— Load 1217 kg
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Displacement (

Deformation of tyre No.21

1 1 . | =% Load 974 kg
Lo oL L 1 _|—e—Load 1217 kg
5,000 b L S ] _|—e—Load 1461 kg

4.000 - . |—a—Load 1704 kg
' K HpAHH N K gy e K N
3000’ 77777 L e - - rr- - - - - - - -~ r-—- - - - - - - - -~ ‘T*_._Load 1946kg
0| | -
1.000 - L o l Co
0.000 T } } } T T } } T T T } T T T T } }
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Position
Load (kg) 974 1,217 1,461 | 1,704 | 1,946
SD 0.09 0.11 012 0.14| 0.3
Max (mm) 3.734 7.048 | 9.828 | 12.394 | 14.575
Min (mm) 3.475 6.662 | 9.413 | 11.797 | 14.061
Max-Min (mm) | 0.259 0385 | 0.415| 0.597 | 0.514
Mean (mm) 3.578 6.802 |  9.658 | 12.064 | 14.255
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Displacement (mm)

Deformation of tyre No.22

—¥—Load 974 kg

—e—Load 1217 kg
—e— | oad 1461 kg
—a—Load 1704 kg
—a— [ oad 1946 kg

Position
Load (kg) 974 1,217 1,461 | 1,704 | 1,946
SD 0.11 0.11 0.12 0.10 0.14
Max (mm) 3.656 6.553 9.394 | 11.801 | 14.164
Min (mm) 3.205 6.139 8.888 | 11.390 | 13.512
Max-Min (mm) | 0.451 0.413 0.506 | 0.411 | 0.652
Mean (mm) 3.436 6.387 9.123 | 11.557 | 13.920
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Displacement (mm)

Deformation of tyre No.23

—¥—Load 974 kg
—4—Load 1217 kg
—e— | oad 1461 kg

6”””?”: ””” e
5 1 | | | | | | —a—|oad 1704 kg
41 R RN K L0201 1940k
3T . oo oo T””T””% ””” i
2 P e e e S |
I e R e R T |
0 T : : T : T T T T : T : T : T : T :
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Position
Load (kg) 974 1,217 1,461 1,704 1,946
SD 0.10 0.12 0.16 0.25 0.24
Max (mm) 3.972 7.468 10.617 | 13.412 | 16.084
Min (mm) 3.538 6.910 9.963 | 12.588 | 15.153
Max-Min (mm) 0.435 0.558 0.654 0.824 0.931
Mean (mm) 3.732 7.110 10.281 | 13.017 | 15.670

517 a23 uAANTZEZgUAVBIADENAIDE1N 23 NTINTZIAN 9

90



sz Iadiven
d‘ ~ o Y dy
¥o ana HIWYITEFY INUBDYU
o o v w =K
5‘H%T‘1J§$%1ﬂ'3uﬂﬂﬂ‘leﬂ 4812063
a =
AAUMIANEN
a d‘ U =S d' [ =] =X
0N yoaa1Uu ﬂﬂﬁ]!i%ﬂ"ﬁﬂﬂ‘tﬂ
a o a a @ a 4
IAINTTUAMTATUUNG UNT1INYIAYTIVAIUATUNT 2548

(ARINITUIATINA)

=\

=3 Yo 1 =
NUNIANY (ﬂﬂﬂi‘lﬂ‘lﬁ%‘ﬁ?]ﬁﬂ]ﬁﬂﬂ‘]&ﬂ)

a

a J a @ a J a @ a 4
nuﬁyﬂﬁ}qu EEAQNN 'iﬂJuiLﬂTT] AUSIAINTTUATAT UH1INYIYTIVIUATUNT

a d
MIANNWINSUN TN
=S v 9 dy a an A a d @ '
F3dy INUBYY, NIYYNT 1AFIYNA, 382 NOAUTOY, AUAD 1WHHWAUIUUN,
Y
a a < Y Y
wgnsng aileluas, MinageuaNULYIAIUBIA0EIAUADITY.

a A ] a 4’ 1 QSJ‘ z:;
ﬂ'lSﬂiZGIjMJGUWﬂTiLﬂi@‘lJTEJJﬁ’Jﬂﬁ33JLﬂiﬂ\iﬂmmﬁﬂizmﬁqﬂﬂﬂi\iﬂ 20

[

TUN 18-20 @AY 2549. UATTIFANN; 2549.

91





