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A Strategy of a Gap Block Design in the CFRP Double Roller to Minimize
Defects during the Product Conveyance

Seung-Ji Yang*!, Young-june Park**, Sung-Eun Kim***, Jun-Geol Ahn****', Hyun-lk Yang*'

ABSTRACT: Due to the structural characteristic of a double roller, the double roller can have various deformation
behaviors depending on a gap block design, even if dimensions and loading conditions for the double roller are the
same. Based on this feature, we propose a strategy for designing the gap block of the carbon-fiber reinforced plastic
(CFRP) double roller to minimize defects (e.g., sagging and wrinkling), which can be raised during the product
conveying process, with the pursue of the lightweight design. In the suggested strategy, analysis cases are first selected
by considering main design parameters and engineering tolerances of the gap block, and then deformation behaviors
of these selected cases are extracted using the finite element method (FEM). Here, to obtain the optimal gap block
parameters that satisfy the purpose of this study, deformation deviations in the contact area are calculated and
compared using the extracted deformation behaviors. Note that the contact area in this work is located between the
product and the roller. As a result, through the design method of the gap block proposed in this work, it is possible to
construct the CFRP double roller that can significantly decrease the defects without changing the overall sizes of the
roller. A detailed method is suggested herein, and the results are evaluated in a numerical way.
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1. Introduction
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Fig. 1. A schematic diagram of the roller conveyor system in this
study: (a) an entire structure of the roller conveyor system
and (b) a geometry of the single roller and (c) a geometry
of the double roller

Atole]l gap block 77|79 Rl F7to] & d . Fig. 20
#3 % CFRP o]F 29 #A4#Ql =7] 9 Zo] HJH =
Table 10f] E7|=]o] It}

2o g, 2 Aqtox] AR CFRP o]F E29] &4 Y
2448 4/)ah CFRP 0% B219] U % who e} o]
sjo]Lofiz T CFRP laminateZ 2J§-51910.0], 012 4
9J3t gap blocky} shafto] A w= dFrlw Ta= EE5H3
T}[16,17]. CFRP o|= E¢]9] A% £5F= Table 29, A2
B0 Table 30 ¥7|5Hct.

E3L CFRP 0|5 &2 9] W5 ujo] Lo} oKL ujo] Lo
851 ik CFRP laminate %)% G133 Fig. 30] YER
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Fig. 2. A geometry of the CFRP double roller in this work: (a) an
entire structure of the CFRP double roller and (b) the

CFRP double roller without the outer pipe and (c) cross
section of the CFRP double roller

Table 1. Geometric information of the CFRP double roller in this

study
Parameters Oplil;zr tfl;zgk I;ir:;r Shaft
External diameter [mm)] 120 106 96 80
Internal diameter [mm)] 106 96 80 -
Thickness [mm)] 7 5 8 -
Length [mm] 2400 w 2400 -
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Table 2. Used materials in the CFRP double roller in this work

Outer pipe | Gap block | Inner pipe Shaft
Material CFRP Aluminum CFRP Aluminum
ateria A, B, C alloy A, B, C alloy

Table 3. Specific material properties used in this work

Parameters CFRP | CFRP | CFRP |Aluminum
A B C alloy
Density p [kg/m’] 1680 | 1580 | 1580 2770
Young’s modulus E, [GPa] | 352 137 137 710
Young’s modulus E, [GPa] | 5.11 8 8 710
Young’s modulus E, [GPa] | 5.11 8 8 710
Shear modulus G, [GPa] 3.62 4.1 4.1 26.692
Shear modulus G, [GPa] 3 3 3 26.692
Shear modulus G, [GPa] 3.62 4.1 4.1 26.692
Poisson’s ratio v, [-] 0.2 0.2 0.2 0.33
Poisson’s ratio v, [-] 0.34 0.34 0.34 0.33
Poisson’s ratio v, [-] 0.2 0.2 0.2 0.33

Fig. 3. A schematic of the CFRP laminate for the CFRP double
roller

Fig. 30| 3% T8 CFRP laminate®] 7%, laminae?]
A ol et e A W A 2 wapol Aolst
7] W Zoll vkt A Wake 2h= laminaes FH4J5ko] A
F= AASH= Aol Fa5ItH18-20]. WA, 2 Aol A
= ) sfolza} )% sjo] Lo 217t § mm, 7 mm 7]
671¢] 5o = 255 CFRP laminateE thsh A5 Wk
2P laminaez 743191} 74 42] B CFRP laminae
of B3 W% F 9 Af WS U sjolze} o3 7}
o|3of tfs}o] Z+Z} Table 49} Table 50] 7|35} om, A

Section 2.20]| 4= CFRP o]% 2|9} A|E2] HEH o &
A= 1Y HAE 2] 43817] 913 gap block A ¥4
£ 425, gap block A M=ol tigh 34 FUEE v}
FOoR B4 case5S AR

Table 4. CFRP laminae information for each layer of the inner

pipe
Layer Material Thickness [mm)] Angle [°]
6 CFRP A 0.5 0
5 CFRP B 0.2 45
4 CFRP C 3 0
3 CFRP B 0.5 90
2 CFRP C 33 0
1 CFRP B 0.5 -90

Table 5. CFRP laminae information for each layer of the outer

pipe
Layer Material Thickness [mm)] Angle [°]
6 CFRP A 0.5 0
5 CFRP B 0.2 45
4 CFRP C 2.5 0
3 CFRP B 0.5 90
2 CFRP C 2.8 0
1 CFRP B 0.5 -90

2.2 Design gap block parameters in the CFRP
double roller

A& olF I ol A WA == AT Fax3lst7] 9] 5f
A= CERP o]% &9} AlEo] FZ5dt= FeloA 9] 3
HAE Faslsh= Zlo] Sasith5-7]. & dAtolA] i1y
3l CFRP 0|5 S22} AI&2] M= H9|(contact area):= Fig.
40 e it

CFRP 0] % S2]e] 2% E% 02 215, gap block 417
of] w2} Fig. 4] contact aread] t}oFst Wy FAlo] LrebL}
A ETh[14]. 7] A4, gap block®] =8 A ¥4= 5 HY &
Aol A8 A Q1 FFE = x F W4k ol = wat w7
¥4 d, F7HAE sk, Fig. 5ol 7R g UEhi Al

TAH 2, gap block AA| H 5 & w2 A& AU
£ g FAlo] CERP o] &) A ZAo] LY 10% ©]
W7} Bl == 100 mm ¥ 200 mmQl FL-2 FL B} Eo)
2 gap block 47| W59l W7 742 de 27 HUEES 1
& 35le] =4 A (centerline)2 7|2 & 100 mmA SojU
5 A%t o714, d = 0 mmQl 7-9+= 5 7H<] gap block
o] F4] A (centerline) ol 4] BrgFo} Q132 oJm|s}7] wjZof,
= 719 gap block vl x] 714 d = 0 mmoj| A4 5-E 200 mm
A Hoj A} 2 Aol A, CFRP o]5 529 AA| 4
o] L& 3274 57| w2l gap block®] & w, #j2] 714 4, 71
2|3l CFRP o] E2]9] HA| do| L= thaat 22 A|of =
A stofl ok

w+d< L2 (1)
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Fig. 4. Defined contact area of the CFRP double roller in this
study

Centerline

Fig. 5. Selected design parameters of the gap block: width w
and distance d

A (1) 23, w = 100 mmQ] Z-$-ofl= %] 7+ d = 0 mm
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AHEEo], & 23700) B4 caseSo] A

Section 2.30]| A= Section 2.1 & 2.20]| 4] & 2]3} CFRP ©|
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2.3 Boundary conditions of the CFRP double roller
Section 2.10]| 4] % 2]k CFRP o]F Edof 4-8§5]«= %4
=4 9 8% 242 Fig. 60] Ve lch
TA Ao 2, CFRP o] E8|9] oF & shafto]| = fixed 7
Al 270] AEEH, ot5 202 2 W] A5, Fig.
60l 3% A1} o] Fig. 49] contact areao]] 10 kNQ| H3&
shgo] M) o7 BA 27 A 645 27L vigo

External force

BN

Fig. 6. Boundary conditions for the CFRP double roller
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3. Numerical results
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9] gap block S AH3Itt 5714 02, CFRP o]F &
o} FYUE =7 9 &, T12]aL sk 2415 7FA]= CFRP
@ Soeke] vl #A4E Bl i Aol A 4=8)%t CFRP
ol% &9 gap block HAof| thet fa/d Tetslarlat gict.

H 7], Section 20| 4] 473t gap block AA| H=of 2|5k
CFRP o] E8]9] AAHQ MY FAE 5 Y5FE Fig. 7
of Yef 912, Fig. 80f+= Section 20f| A A% A 23
7l €] gap block ¥=of w2 HE A2} & UEFH AT o
714, & HA} 3= Fig. 49] contact areadf|A] z = Wlgko &
U E Wy ghsol digh HAf AARS S8l =&H
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S7HA s Ao] ol et §4 viA] 2HA 7R = Zaxs)
o7} 71 o)A E Haf SFES ohebdt 4= Qo A A L
2,54 vz 7FE (w = 100 mmY W= d = 400 mm, w = 200
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A -

w =1 mm, d =3 mm w= 100 mm, d =400 mm w= 100 mm, d =50 mm

————
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—————
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w=200 mm, d=300mm |
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Deformation range in w =200 mm
N
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Fig. 7. Deformation behaviors of the CFRP double roller w.r.t the

width w of the gap block: (a) w= 100 mm and (b) w =200
mm

width w = 100 mm
14 == width w = 200 mm

| Optimal Gap block parameters:
width w = 200 [mm] and distance d = 300 mm

o

04 /
02

1} 100 200 300 400 500 GO0 700 800 Q00 oo 1100

Deformation deviation & in Contact arca |[mm|

Gap block parameter: distance d [mm]

Fig. 8. Deformation deviation § in contact area of the CFRP dou-
ble roller according to the gap block parameters
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27 9 x % W A8 Yol CERP 0% Seie} s
o}. Eh, CFRP 0|5 Eeio} §UT B4 ZES o7] 9
dll, CFRP o5 Z2]9] Wi ufo]Le} o] ujo|szof )-8
Hd A=, A5 FA 2 AG S FYsHA 285t
CFRP @ £2]9] &7 gpo| 25 Ak 3ith A o=,
H| 3L tf Q] CFRP © E2]9] & Ff dfo]Z= 1279 &
2 7Y, & FA1= 15 mmy| Eck 3234 Q] CFRP ¢
E9o tiet A=, A5 FA 2 A S Table 69] &

718F3ek 21 €] 9], CFRP @ Eejof 285« A =4
1 3= 2 A, 281 HE HxF §& A|AFSF= contact area
B Section 2] 47/4gk CERP o] % S]] 799} 5l
3}t

F71H0% T CFRP wel Bei9] )4 2uE ujet
o=, o] Sectionof Al ¥ 2|2 9] gap block A7 ¥4= gt
(gap block®] Z w = 200 mm % H}2] 724 d = 300 mm)o]|
gk CERP o]F £219] ¥13 ot CFRP T 219 W
& oFAMS v w3t A= Fig. 99 e QI E3L, Table
7o) = CFRP o|% 2|9} CFRP @l 22]2] 22} 2 Fig. 4
9] contact areaof|A] AAFE WE A} § 4+ E7|5H T

Table 7] 4], CFRP o]= Z2|2} CFRP ©@d S¢]9] Ak
Aol oF 0.6 kgO 2 v SARES o 4= Slck. e}, Figs.
7 % 9% Fof wold 4= 2= AAE, CFRP 9 E89] 4
-, CFRP o5 Z2]¢] gap block | %] 714 do] 54 gt o]
e Aok FARHA, 23 Sheoll gk ¥ o] CFRP
o %Ei Sl AFE= @Y e st v, gap
blocke] 2| 2|3}%l CFRP o]F E2]9] F-2oX = &X£ 5t
of thet HF o] EAtE A Hrh. whebA, CFRP T S}
CFRP o|% £8|9] AgFo] uj$& GAFS | = £516)aL, CFRP

Table 6. CFRP laminae information for each layer of the CFRP

single roller
Layer Material Thickness [mm] Angle [°]
12 CFRP A 0.5 0
11 CFRP B 0.2 45
10 CFRP C 3 0
9 CFRP B 0.5 90
8 CFRP C 3.3 0
7 CFRP B 0.5 -90
6 CFRP A 0.5 0
5 CFRP B 0.2 45
4 CFRP C 3 0
3 CFRP B 0.5 90
2 CFRP C 33 0
1 CFRP B 0.5 -90
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CFRF double roller with optimal gap block parameters w = 200 mm, d = 300 mm
Deformation deviation in Contact area § =0.1175 mm

CFRP single roller
Deformation deviation in Contact area & = 0.8260 mm

Average deformation line for CFRP single roller

Deformation range
— L —
-8.6113 86113

Fig. 9. A comparison of the deformation behaviors between the
CFRP double roller optimized in this study and the CFRP
single roller

Table 7. Analysis results of the CFRP single roller compared to
the CFRP double roller

Deformation deviation in
Mass [kg]
contact area [mm]
CFRP double roller 23.3237 0.1175
CFRP single roller 23.9683 0.8260
0% 3ol A o 86% A= A WY W 5T e o
QI3 4= GIck. ALH O 2, CFRP o|F 2] Fx0] 2§ 1
gap block HAE F3f, GAISE 21& 71A]= CFRP t+d =
2lo] Aerct W WA 52 ATHoR 74aNY & 9
29 shIg 4 gr.

4. Conclusion

B Aol A 2, AE o] Fol A Selo] W B
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onj, 34 A=} CERP o]F £ xaxﬂ o] L
glod 237119 BA caseE2 AASHTE 1d oL, &
4 342 &-8-3}9 contact areao]| 4] 2] HE HA} §&
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