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Analysis of Roll Forming Process

on Heavy Load Slide Rail for Refrigerator
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ABSTRACT

Analysis of Roll Forming Process

on Heavy Load Slide Rail for Refrigerator

By Kim Jae Sang
Advisor : Prof. Jeong, Sang-Hwa, Ph.D.
Department of Mechanical Engineering,

Graduate School of Chosun University

Roll forming process is one of the most widely used processes in the world for
forming metals. It can manufacture goods of the uniform cross section throughout the
continuous processing. Roll forming is a very important process used in many industrial
fields. It is difficult to predict the plastic deformation in roll forming process because
of its inherent complexity. So, many forming roll designers still depend on his or her
art, not the science in spite of technical process. This situation raises problems which
take a long time and cost a lot of money. Computer analysis methods such as
FEM(Finite Element Method) and the FDM(Finite Difference Method) help the forming
roll designers to estimate the roll forming process easily.

In this thesis, the slide rail composed of inner member, center member and outer

= VII -



member is designed as 3-dimensional model. The heavy load slide rail is used in the
refrigerator. Tensile test is performed about SCP-1 to obtain material properties. Heavy
load slide rail is simulated by static structural analysis to evaluate the structural defect.
Curve fitting is executed by using the least square method to set up the flow stress
equation which is the governing equation for rigid plastic FEA. The slide rail is
designed using the constant arc length forming method. The inner member and the
outer member are designed using the outside lip method, and the center member are
designed using the center bead method. The forming roll of the inner member in the
slide rail is designed as two types. TYPE A is formed by the upper roll and the lower
roll, and TYPE B is added the side roll in last pass. Each types are simulated and
compared with the longitudinal strain, width strain and thickness strain using

SHAPE-RF software.
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Simulation

method

e Design based on

o ; —> e Design using CAD
empiric equation

| L
¢ Buy materials and
forming machine
e Product analysis

e Design change —
e Roll modification

e Computer simulation

| __|* Analysis of results
and design change

e Save time and money
e Application of new design
method

Fig. 1-3 Comparison between empirical design method and simulation design method
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(a) Symmetry of inner member

(b) Symmetry of center member

(c) Symmetry of outer member

Fig. 2-8 Symmetry of slide rail
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U 7h7te] Zehs] sdol e 38 Adtehs Zlolth whek & Afole] 3ol 5%
TE ool AFE aAdloR g o] W ThE Wl wlEl W AREE kol
sagrh WA 2 =R e U 284 2N olgdte] dag g HAsgy
ct.

n= [3.161"° + 2(‘)2‘?#% [5)2;]0158(1+0.5z)+e+f+5z8 (imperial) (2.4)

A71A 7H7ke) st 2
n=1) 225 (7} =2} 2l W)
h=wke] FHu) %ol

=59 77
a=H AN F3 2 53

2= ](notch) T(hole) 2283 w#e] LA (0-2; Table 2-1)
&
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Table 2-1 Effect of holes and notches(Z) on number of passes”

y=height
t=thickness
v=distance from edge

Y20 | Hao
- Small perforation n,[[nohote 0 0
a 0 0
b 0 0
edge continuous c 0 0.07
ny d 0.03 | 0.05
e 0.05 | 0.05
f 0.07 | 0.12
— o g 0.07 | 0.12
- Slotted limited edge continuity ny h 01 o
i 0.12 0.15

j 0.12 | 0.15 (fs =51
k 0.15 | 0.2-0.4 ()

I 025 [ 03-05 ()
m

§ g 0.5 0.6-0.7
n, 0
¢ n 0.05
- Wire ng n; 0.05
Ny 0.30

nNg 0.25
- Pre-cut D

. n
edge not continuous "

P p 018 | 0.18 (pre-cut)

Table 2-2 Effect of shape(S) on number of passes™

1 1 1.05 1.05 1~1.05 1.1~1.2 14 1.5

S Shape \ / L~ T AL NV ml‘]

factor
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Table 2-3 Effect of tolerance factor(F) on number of passes"

Tolerance factor
Loose (construction) 0
Medium 0.5-1.0
Tight (automotive) 1.1-1.7
Extremely tight 1.9-(2)

. &89 dd 27

= AAE AzE U neEehs Fo= Fig 2-13% 2ol whx] EE QA ol
S AAY AE) BEBYOEYE FHT LAS] vle] HEF HPARL v

1
% % gk T EE AARE LA 4B olBail, 4P ©MF o UARY

(a) Split flower pattern
10 9 g

4
ke
= 1,2

(b) Usual flower pattern

Fig. 2-13 Flower pattern
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A3 Ase 54

A 1A AP 9F& VA= QA

N
=

Z 2 TA AR EE axle gibE o8 §hol ofste] T dAgstal Aol
$- 2 Y2 A, el 98] &A% o WA (anisotropy) A A2 7HA] A
3Rl wet Z47] e 71 A4 57 (mechanical property)& ZLAl Bt =<

< H(slip) B3 W e 7 £33 47 (twinning)ol 98] Ad = o)A 2
3] 4 17“4 ueha SR E o] dojubE B9 o2 S Fig. 3-1% 2

E-&E ] AV EA VeI dubH o R AF] A E
Al o] = ﬁﬁ‘%}?}ii Aol HEZ ¢4 F9 313 vk (rolling direction)?! 0 ° ol A]
& f?}ﬁr. "L%/\]fﬁ% sk Bk b AAje] ouidel o) Ao

ki

)

flo

W
2 o

g

[e]
=

2
=

14
©,

Yok Axg2A R=1011 FHA (isotropy)°1 i1, R=19 o] "d (anisotropy) &

ojth. E3 /g @A (formability) ¥ & <2H8 4 (instability) & Welbl= A x 2 AH&HT

90°
45°

Rolling

Ei' 0° Direction

135°

90° 90°
135 45° 135 45°
( i j ;\ Rollin
0° 9
\! : ; !/ Direction

Tensile Elongation
strength

Fig. 3-1 Mechanical properties according to direction to rollingm
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Fig. 3-2¢] dulzlel S#-wEE M E(stress-strain diagram)°]th. 3-8 2 (vield
J L

stress)RTh 2HE S0 AYE AR: Ade] Ron HddAn JFUGL F7)
q

Mo

M= FES-H o)At A A ojof s)ar, ¢174-8-H (ultimate tensile stress)2S o]
A AEEE FoF 2ol Holy Aol WAy}, w3t dE-S-#a) QlAF-S-2 o

A7V A, A4l & (Elongation)©] E5% A7 e] A& do] Folxinh
AZl 1 W E &= (proportional limit) © dhg3 ARl wAZ} A o]ar, o] 3t

A skee ZHATE AR A A5 FEHE HAdH.
upper yield point) @ &4

W
lower Yield point) : A}&HE-7

CD : &83a}% 3ho A Q7o Eerd A (Luder’s line, Shock line)

DE : 787 3Hwork hardening) H=+ ¥ & 7 3}(strain hardening)dl] & wo]

{0

B4 A 3(h34 e £57) g 44558 e 25 35 Ay

Ol

EF: 2522 ¥ 3 (necking)
F4: gt (fracture)

STHESSZ Useful Range of Formability

/ Max load
L¢ 7

7 7
B VA S / / / // 4 Fr%cture

CD
A

|
| Permanent | Elasticl STRAIN

Total elongation (strain)
| at L, stress

! before after

|to]
no load

start of =
necking

no load

breaking

Fig. 3-2 Stress-strain diagram

_26_



~
A
ey

ol
To

I

—_
"o

I

"
oo
x0
Ho

e

JH

(4902 1}

(Ao Wie e

|
&

)
o

AAnc 3

T

R

A

ko3
T

=

2 M%7} $&sht) Fig. 3-3
R

R
S

)

A
L

LR

—_
"o

ﬂ
jo-

REEDESIES

(3.1
(32)

o

0]
PN

P
b

ke
=

pol 7

S

B

(e

=

=

(3.1, (32)

=

O A]

In(1+e)

o, Zan><(1+e)
€

A

Stress

Strain
- 27 -

0.02%

Fig. 3-3 Comparison between nominal stress—nominal strain diagram and
true stress—true strain diagram



=
54

1Y

A 2 A YGAZA(SCP-1)9

Table 3-11 Wbl At YzEt

AFA) T4 0.15-32mm A =7}

S n o
SRS

F(cold rolled carbon steel sheet, CR)2] 3}

ol
B
)

#,

o A§E AL ofel, %]

= =
5 0

Eal

e

il

of wel A-gxt, 747171, 7H, Ak

KS D 3512614 7744
o] 9lom KSollA 14

-
<

15 (SCPL, 4ukg), 2F(SCP2, 71 &), 3F(SCP3, 4 7H& &)

ol

o] gt} 1&(SCP1)

-
<

s

, 7HH & )

A%

o, deuld, 7]

B AREET 2F(SCP2)E 71E 8 2= SCPI1e H

of AR8-Hrt. 3E(SCP3)

+& Rear,

e

o1t} webA 21E

o A8t

-
<

Fender, Front Panel

Table 3-1 Chemical elements ratio of SCP-1

L
2l ICE
L
D <2
<<
<
Al <
<<
= Te)
= S
[N
O —
<<
| X
0o ~
~ —
jang
umO umO
o

7](Universal Tensile

< KS D 3512(Y8 7St

"k

B
L

il

H

2

Pk A1¥

o) g3}
1 KS B 001(7 % Al 5214+

9

=
=

Machine, Instronjit)

2

B
ol

o
e

e
ol
N

2

B
o

A Al <

_28_



I ATE Fig. 3-49] eI

— & — Nominal Stress|
—o— True Stress

600

500

400

300
200

(edINDssaNg

100

Strain(mm/mm)

Fig. 3-4 Stress-strain diagram of SCP-1
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450+

400+

3504

300

250+

True stress(MPa)

2004

— SCP-1
--=- Fitting curve

Equation:
y = a*(b+x)*c
Weighting:

Chi*2/DoF
R”2

a 1840

b 0.00254
c 0.39657

Data: Sheet1_B
Model: Belehradek

y No weighting

=70.92273

= 0.98797

E=]
+0.00007
+0.00059

150

0.000

0.005  0.010

0.015  0.020 0.025

True strain(mm/mm)

Fig. 3-5 Curve fitting for SCP-1

0.030

Table 3-2 Result of tensile tests and curve fitting for SPC-1
material SCP-1 poisson’s rate 0.3
young's ..

210 GPa strength coefficient(K) 1840 MPa
modulus
yield stress 15812 MPa | initial strain(e,) 0.00254
ultimate tensile work—hardening
480.40 MPa 0.39657

stress exponent(n)

o, = 1840(0.00254 + &) 397
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Steel ball

s Inner member

> center member

> outer member

(a) Heavy duty slide rail modeling

(b) Slide rail for refrigerator

Fig. 4-1 Slide rail used in refrigerator
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Table 4-1 Input conditions for FEA

Slide Rail
Mesh Type Solid Mesh
Mesh Contact Bonded
Node 25623
Elements 9546
Elastic Modulus 2.1 10" pa
Yield stress 158 < 10° pa
SCP-1 Tensile stress 418 < 10° pa
Poisson’s Ratio 0.3
Density 7872 kg/ m?
Properties Elastic Modulus 1.9 10" pa
Yield stress 206 < 10° Pa
AISI 304 Tensile stress 517 % 10° pa
Poisson’s Ratio 0.29
Density 8000 kg/m®
Fix : output member 6DOF
constraint

Boundary Conditions

Force : inner member (ON,
-100N, ON)
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Fig. 4-2 Slide rail meshing

0.0 .00 100.00 o) /k
. . 2 §

25.00 75.00

Fig. 4-3 Boundary condition for FEA
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Fig. 4-4 Static structure analysis of slide rail
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Forming

direction i Forming
direction
(a) Center bead (b) Outside lip

Fig. 4-6 Forming order of productm
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Section Edge Travel
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Fig. 4-7 Edge travel in roll forming process
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Fig. 4-8 Horizontal vertical of bending forces in roll forming Drocessm

Fig. 4-9 Flower pattern of inner member

. Ag dy
AE W) F ARnss 494 Q0 olgad oldsl ol raan’.

0.05 +i

_ 0.8
n=13.16h""° + S 90

y21 0.15
[40U] s(1+0.52)+e+ f+5zs (4.4)

A @Dl el el Ha B DEE T passolth F AT EFE o) dx
Qe FAAAE TR 15 pass® AAIAT. B Al AA e R
T 330mm= A A sk T

Hj >1,\j

-

1

=3 Ho] AA whde]| wE AL ulwslr] 98 TYPE-13 TYPE-2& A
3ttt Fig. 4-10(a)9] TYPE-12 ¢t& 9] 3] -

T- 1t “

‘_EL 2.
1A%, Fi, A-100)9] TYPE-25= 0% 54 .91 432 WAdhn 952 113

_42_



A
=

a9r) i = Fol A TYPE-29) 87w o2

Astn & ¥ 24 A2 g
15 Pass
\ \& 1 Pass / /
—
N 7 ‘% S i
v ‘1 =
5 Pass 6 Pass
(a) TYPE-1
9 Pass
10 Pass
™
15 Pass
1 Pass
(b) TYPE-2

Fig. 4-10 Flower pattern of center member

_43_



jai]
S
55

i}, ok v

oo E Wulel F AV 484 QL olgae olget 2ol Paadl

40U

2 (4.5)0 o8] Falzl HA G b passelth F Add
Fyolat, FxAAE 1este] 10 pass® AAsEFATH 71 A
330mm= A AL Fig. 4-11¢] o} & W] Fepg el

e

T

2]
KeN
=

Fig. 4-11 Flower pattern of outer member

_44_

y2! 0.15
[ } s(1+0.52)+e+ f+5zs (45)

r

£
P>

.

Es s I
= A
LER AT

ol
o2l



ol & N
X
% <
%ﬂ%m%;%
mudr.}égoi%%ﬁ
ﬂo1¢ov1gﬂb%mﬂ51
ﬂmﬂaoo%mxwﬂ?@rmmﬂim
30055% )ﬂ%m1_}§w
e E — O — Z o o) —_ - ) o X ol Ty
ﬂadmﬁu Ahgmﬁsﬁaﬁﬂé? oy~
m._Jmu%EMﬂa.mmaToEaﬁ@ﬂiﬁeu%nom/ro:_ﬂ
ﬂmﬁﬁﬁWmﬂ7m%éuw%ﬁmur%JﬁﬁoﬂrmoL
= _O o = Jl__ ) s )
%mgaovgwm.m uomm%%pwultjjo@g
GJ.HT o ELLLFLHOLJIF]*OLEXH oﬂmo
ﬂd%iqo : AxoLngﬂ w22 2
o 8 _%ﬁoﬂzw@o_omﬂlﬂg i QYQAT@
— R~ J_,m_l HL 3 ‘A‘.* ﬂo EO i O \AIU/ ‘ﬂw.ﬂo 0 . ‘%U ~ ﬂ mﬁ _
‘ﬂﬂ. ~ = ﬂ 5 t m o) w;L m H;IL —_ ‘u| XH ar ‘u| ~o WL ‘Mﬂ o
ﬂﬁﬁr7uooEW_ﬂluhLE-@riozoWOM@iﬁo}uﬂﬂ_ouw@
M 1mu)@imuﬂemgo1ﬂ}x ot o ogﬁo @
oe,f }.m xaz%?A " < mﬂbf;
T W gmmﬂwsﬁaumﬁ&mAL;%aqaaﬁo
3 ) mH_nLeﬂxlﬁ PAmUMo%ono%%?EdﬂxLLﬂLuvﬂﬂﬁ
G- q;fhmﬁ}<§o?a ©g FRE
"° - n7ﬁoMn onfmgﬂJAﬂJmuan zﬁE;oL Xﬂ
»A_l MLW\HmﬂoomﬁqomulmlEEOLHEATEE‘DJHAHMJHQHIH
Ho 3 we muiksxic.m%} ”r T ,1xj%uf -
< _gﬂiﬁﬁe oo owzﬂ} I
mo N ﬂL&ﬂﬁzTﬁo{ﬂoﬂLmmmz?oﬂLﬂ%oLﬂlﬁ‘wMﬁﬂl7ﬁTﬂuﬂmoﬂ
— 0 /u\.l ‘|_1_| — —
B oy %oﬂﬂw%afov,@mmﬂoAﬂmmA?meﬁer%&
= ﬂ%ﬂ%wumﬂ%.m Eﬂﬁ.ﬂqmﬁgwmwgé 7 =
i o I oﬁﬂgﬂo@m%mi@@m%ﬂa gwﬂiur@
Jlxl_l‘lll ) —_—
5 MMwﬁ%ﬂoiﬁo@e@mmﬂyma@]mwb;%ﬁwa
" 044\11& e Nl & w7
R B oggmo;%mmﬂﬂA mW%MrWOM%%ﬂoT%% 2
(AN} FL ﬁomuetn_mo.l o7\1_,m_|m,A\lﬂ\melATﬂm_l‘lwﬂﬂﬁooLﬁulWEHﬁﬂA
— E ﬂoﬂodr%uoﬂoﬁéa@/‘m&o,_mmeaLaEwﬂoﬁﬁﬂamu&lﬂooTu
R B gmﬁg 2 g mmaﬁntafﬂa19@go§wﬁow¢
— ibf MﬂR I rl;OJIQ] o X
;&rmua@]%mmrmawffmmmﬂeEﬂVﬂ@%QﬂomoE
%mwi%ﬁﬂm%éﬁozﬁmuﬂrmﬂﬂ%ouﬂﬂﬁ?Ao@
A&@uﬂ:m&ﬂﬁut%mﬁomﬂioﬂﬂeﬁzﬁo§
BR - T N = %o o,.m.x U o ™
i X0 ZT 0 wn) o) < " B —_— o ‘ﬂl ET T © X o
o g 5 X % s Rr e o gk
JﬁegﬂoﬂMV&ﬂmagi@@w@wﬁ@
auamuoLA?ﬂlxm@%ﬁm%Vbﬁ
_Lwromﬂj. \)+Jnﬂ_ ogq_\)A7ﬂm
o Zéeelli\UI_ﬂmo kO T 11r 0
@Hmu_sﬂéﬁ %+VL@@
#opmu”ﬂlMLlLonnﬁE
gove%wa1<5.ﬂ
BT auﬂﬂﬂﬂdrﬂ
‘wﬂi‘mﬁ_zT ral
imhmxﬁlorv
iﬂjx.
o

- 45 -

o
1 s 1;}[17][18]



XéZjI_LHOq

L
LI

Jol

A
SR

1

3

=] F]
o

=y
ﬁ
X
“ S Ed
<0 <2 iy
: SEEEEE
i 4 o o o %P Ao o
= ;;urpA%_ A
AT ﬁé@réﬂ1ﬁ%ﬂﬂmﬂ
)T g2 Msooh@}WLﬂo
Gl o ﬂo%ﬁg% _xa%awﬂ
_ LLva H&mmﬂtr%ééq%
7% 7Eﬂ_0|71ylo€;oll Nroxﬁl‘muuwﬂ‘wlwhﬂml
ﬂ_0|7 ETA;w__r.MﬁJ|07‘n|a_‘oiﬁc }LAE\L!;O
T o dﬂ]ﬂﬂ%ﬂ%ﬂﬂ%‘m ﬂ@DHAEB.eE
® 3 2510;01ma muwﬂmm
M_M ~ OﬂE J— Mﬂ ‘ul N w;L m 1o Mﬂ Hmlm 1o \_l_,rAO o= m._M iE
1 o ) EE HA_' —_ ‘m‘nM ‘u|. st .haub O%O ‘WU ﬁo N EE 1o \A ﬁ
B M}au}lﬂ(ﬁ% @:og}ﬂ
wvmo;oL a71k.ﬁ,%6nomuk.ﬁﬂﬂ &ldﬂ Eaﬁﬂoﬂﬁ
®© & EEZcz .nwog}mi N =
~ K o N G#o o part —
e o#ilﬂrﬂﬁo ﬂfﬂuw M‘oﬁmowau
nH )= oﬂn5mﬂx§%501&uﬂo
) MM%WM1@@§§ESMQ1@M
_ > ¢ Ho © o E
i waﬂ.wmﬁwm@ﬁﬁﬁfgmﬁ%
OLWH ﬁﬂ%ﬂ_gm@a HLHMQ.‘W%,W‘DF.OﬂEt
o mu_o1zma,}x -
oy B @Mi mu]j_oowmlmﬂmumMWMWW
vwF o he s o gt 1%
=3 — o%iEZo‘LlloEEMﬂoxa}o
}E olo < T _XZ| .ﬂﬂﬁoll7ﬂu
?E; Nrﬁu%mﬂmMG?Su%ﬂdrqymguuTﬂ
i o s oL s i e T ow
ﬂmz 3.oﬁ w = o~
ﬂwge o + ion_AlLa E]og 5 W _1ro_ b —
%ﬂ, ov Mm@ﬂaDwom%ﬂﬂ%Abmmﬂo
ME N o w = wo o 2 %o Mﬁ & i N o TGS =
RN = Jlot WrOJAlﬁ(J|O o \IA‘.*O
~H xlﬁ mE o 2] BN —
™o < ﬂomho#ﬂ.m%ﬁwa% %&Hnﬁ
mvu 3 g B, E <X ﬂg}g%
) motﬁ@gmﬁﬂﬂﬂﬁsgyﬂﬁ
o M N W8 o T o T o W N M
" g R @d%.ﬂ% zowr@wr}i
A K W o Lgdrmﬂﬁoo%mﬂzﬁ47m
T.ﬂ&ﬂﬂl I;oﬂodLNroﬁﬁomﬂozoz_-
o = B E o oo =
@1%iﬁ1@&@%1%ﬂﬂm
N o %w% ,%HTME%V
ﬂﬁ%%ﬁ@rﬂw@rqu%
o B o X oW oo RO D T
" T ‘_WL Mo = Ho o i
OLEH%@%
xoaowm
)A

- 46 -



Table 4-2 Input conditions simulation

Inner

Member

—Material : SCP-1

-Number of Elements

in Width Direction : 40

-Number of Elements

in Thickness Direction : 3

-Number of Elements

in Rolling Direction @ 20

-Friction condition : 0.1u

-Specify Self-Contact Penalty Constant
: 10°

Center Member
-Material : SCP-1
-Number of Elements
::‘ in Width Direction : 48
!

o
W
L

— A
IIIIIIIII/.Q&

-Number of Elements

in Thickness Direction : 3

-Number of Elements

in Rolling Direction @ 20

-Friction condition : 0.1u

-Specify Self-Contact Penalty Constant
: 10°

Member

—Material : SCP-1

-Number of Elements

in Width Direction :@ 48

-Number of Elements

in Thickness Direction : 3

-Number of Elements

in Rolling Direction @ 20

-Friction condition @ 0.1p

-Specify Self-Contact Penalty Constant
: 10°
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(a) 1-Pass (b) 2-Pass

(c) 3-Pass (d) 4-Pass
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(e) b-Pass

(f) 6-Pass
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(g) 7-Pass

(h) 8-Pass

(1) 9-Pass

(i) 10-Pass
Fig. 4-12 Deformation processes of inner member
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(a) 1-Pass (b) 2-Pass

(c) 3-Pass (d) 4-Pass

(e) 5-Pass (f) 6-Pass
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(g) 7-Pass (h) 8-Pass

(i) 9-Pass (i) 10-Pass

(k) 11-Pass (D 12-Pass
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(m) 13-Pass (n) 14-Pass

(o) 15-Pass

Fig. 4-13 Deformation processes of center member
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(a) 1-Pass (b) 2-Pass

(c) 3-Pass (d) 4-Pass

(e) b-Pass (f) 6-Pass
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(g) 7-Pass (h) 8-Pass

(i) 9-Pass (j) 10-Pass

Fig. 4-14 Deformation processes of outer member
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Fig. 4-15 Final cross—section of inner member predicted by 1st rigid—plastic FEA
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(a) 1-Pass (b) 2-Pass

(c) 3-Pass (d) 4-Pass

(e) b-Pass (f) 6-Pass
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(g) 7-Pass (h) 8-Pass

(1) 9-Pass (i) 10-Pass

Fig. 4-16 Modified workpiece processes of inner member
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Fig. 4-17 Final cross-section of center member predicted by 1st rigid-plastic FEA
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(a) 1-Pass (b) 2-Pass

(c) 3-Pass (d) 4-Pass

(e) b-Pass (f) 6-Pass
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(g) 7-Pass (h) 8-Pass

(i) 9-Pass (i) 10-Pass

(k) 11-Pass (D 12-Pass
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(m) 13-Pass (n) 14-Pass

(o) 15-Pass

Fig. 4-18 Modified Workpiece processes of center member
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Fig. 4-19 Finished product of inner member predicted by 2nd rigid-plastic FEA
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Fig. 4-20 Total effective strain in inner member
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(a)TYPE-A

—3
&

Fig. 4-24 Assembled refrigerator’s slide rail

(b) TYPE-B

Table 4-3 Estimation tolerance of slide rail (remain +, empty —)

1 2 3 4
zx  TYPE-A|  +0.12 ~0.46 ~0.36 +0.06
(mm) | vppg | 400018 ~0.1101 +0.0157 ~0.0543
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(a) Photograph of roll forming mill
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(b) Photograph of double uncoiler

(¢) Photograph of entry guide
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(g) Slide frame assembly

Fig. 4-25 Prototype photograph
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