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Improvement of Sliding Property and Others Performance in Chromium Free Hot Dip Galvanizing
Steel Sheet “DURGRIP™ QS2”
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Abstract

DURGRIP™QS?2 is a chromium free hot dip galvanized steel sheet which gives the compatibility
to a various sheet metal processing processes carried out in a steel sheet user .The compatibility
depends on the design of the surface thin film layer. Almost of conventional film layers have been
containing lubricant to adapt to non-oiling press forming. However, the badness of the handling
such as a coil collapse or sheet pile break by the slip, as the side effect of increased lubricity, is a
serious problem. In this paper, the balance advancement between the press formability and
compatibility to handling has been examined, and the effect of these examinations was inspected.
In addition, other compatibilitys mentioned above were confirmed enough at the same time.

1. #&

MRS B bIC £ D REE SO R 3 A MRS HE-E O
HUBH L 70 5 7-HES, L a— MK (PCM) RERD - X
S & VAR §5 00 o ZHARA &R R B0 B 2 % Bl 5
ZTWh B E L CEmlish - SRR E SN D
L LCld, OFEHGTHA >, KEHEOE Y,
@4, @MF AP CAERE SN TBY) FTEED B V)2
FHNEDS, — ) RSN - RO KM E TR L R
WASE L T BB R R B 7 0 v AN E RS L
WhNoO—®TH 5,

NS VW=D v 7 ™MQS2 IZR 1 IR TAHBE - MEHR 2
047 — LBz f5E % 30 5T, OBhEREDEG%
TREE T A AN, QERM 7L AN LE L v52 8
THE CAEARETTRE L 3 21, @ ARy MARSE DK
TUAHE, WBRESNDGEICBWTH L) BERSNE
& IR — = TITb N TV A IR# ARSI T TAE~D

il

Chromium free thin film layer
Hot dip galvanizing layer

Steel sheet

—

[ 4

NS JILIN—= 2 7 ™QS O RZ R
(REAREICEIUER)

Film composition of DURGRIP™QS2 (front and back of

the sheet are same)

51

WAVEZ NS, BN Z S 72 R $5 0 - ZHITH 5o

FEE VR TSR T L R | M s B S A E
2L > TR G- a8 b, TFaeid 1995 4EjitifToo 7 1 > Hiliz
L BiRRBEEHI L L CIL IBEL TWwio7a v SRIERIOfE
HAPHIRSNAZHTHY, ke LTOEBHTT L AK
ARG LG TR EZ BT 2E 2 HICHo<, —F
TG SN EE D EHN T A Vo8, 7S1 VO
EORHRANEREN S A L7 BEAIGEREFIZT AU
L R AFIEE BRI TN BT, 2 7% GRFHED
EHECTES7BITH 5o

*OBEREEAT MEEE EAEmEREE R

IKIRULFENST G 3 T 314-0014



TALTY—BRMERD - MR NS 2N —=T > 7 ™QS2” (CH 1 2 BEIMBR & 1haEiEEE

BEE1 4L 23hDEH
Coil collapse accident example
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SE image of the film layer surface and section illustration
Example which added solid lubricant with surface modify
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SE image of the film layer surface and section illustration
Example which added solid lubricant without surface
modify
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Details of test materials

Lubricant Plating layer Sheet
Coating | (included in (finish of thickness | Steel class
coating) substrate) mm
Modified solid Hot-dip Low carbon
A . - 0.6
lubricant galvanizing steel
B Conventional Hot-dip 06 Low carbon
solid lubricant | galvanizing ’ steel
C Not added HOt_’fhP 0.6 Low carbon
galvanizing steel
Coating C .
D and anti-rust Hot-dip 0.6 Low carbon
. . galvanizing steel
forming oil
x2 HMERFEGOFE
Press forming condition of cylinder drawing
Condition item Details of condition

Punch specifications |Punch outer diameter: 50 mm, Radius of punch

shoulder curvature R: 5mm

Dice specifications |Dice inside diameter: 52mm, Radius of dice

shoulder curvature R: 5mm

Forming condition |Diameter of steel sheet blanc: 90 mm (drawing
ratio: 1.8)

Rate of forming: 200mm-min', blank hold
load: 15-150kN

—21— ooH 8 ME & #Ht 83985 (2014)
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Relations with forming Ioad(Fp) and the blank holding
load(F,,) in the comparison lubrication condition

T=F./sin¢ ‘
=(7° + p-Fen )exp(u-¢)
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Forming tension model to separate a pure forming load
and pure friction, and to reconstitute them

T=F /sin g =(T"+puFy ) et = T+ uF, ) (14 n )
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I 2(R+1/2)(g+2R)+(s,~2R){ (s,~ 2R)*+(g+2R)>~4(R+1/2)?} 12
o = asn (e 2R)+ (s, 2R)° )
(2)

¢ = ¢™-exp{~0.10-T°/(T-T")} (3)
= 7¢T°7FBH+{(d)T°+FBH)274¢FBH(T°7T)}1/Z (4)
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(g-t+ (R+£/2) (2-sin@), s+ (R+£/2) (cos 05-22)
A R %
R | e o) Puncfsl
0 -F >X
" comer &
Die @ -Common tangent vector
Contact point vector
Rt -

(R+2/2)sing, - (R+t/2) cos @)
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Geometric condition to decide the winding angle to dice
shoulder

#3 TLUARWERER & ERFRHETERER
Result of press forming and calculation result of the frictional coefficient

Examined lubrication condition Comparison lubrication condition Result of calculations
) F, F s R ) F. ' F° s° 0w ) T T* T° 10} F,
B " _Tp _BH P _p D P p BH H
CMME N N mm rad O™ N N mm rad O™ W W ToT° td TP meantlo
A 30.0 294 158 147 OK | 60.0 2348 155 146 OK | 296 240 44 094 12 0.124 0.127+0.003
A 450 326 169 148 OK 60.0 240 155 15 OK 327 240 28 L1119 0.132
A 60.0 342 166 1438 OK 344 240 23 12 25 0.125
A 750 368 17.0 148 OK 369 240 19 1.2 3.1 0.127
A 90.0 382 138 142 Break 386 243 1.7 1.3 3.7 0124
B 450 303 154 146 OK 60.0 240 155 15 OK 305 240 37 099 19 0111 0.116+0.006
B 60.0 322 149 145 OK 60.0 238 155 146 OK 325 240 28 1.1 25 0111
B 750 358 155 146 OK 36.1 240 20 1.2 31 0123
B 90.0 374 17.0 148 Break 378 240 18 1.2 3.7 0.119
C 150 291 172 148 Crease | 60.0 243 155 146 OK |292 240 46 092 0.6 0158 (.193+0.031
C 30,0 368 167 148 OK 60.0 237 155 146 OK 369 240 19 123 12 0211
C 450 400 126 137 Break 408 246 15 129 1.8 0210
D 250 304 160 147 Crease | 60.0 243 155 146 OK 306 240 37 101 1.0 0.148 0.153+0.005
D 50.0 356 163 147 OK | 600 237 155 146 OK 358 240 21 120 21 0153
D 60.0 38.1 158 147 Break 383 241 1.7 124 25 0.158
BoH B & 5o H398T (2014) —22-
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Relations between the frictional coefficients and the blank
hold conditions

BE4 K7 —70 SST 48h #4187
Appearance after SST 48h of the press forming works
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Method to impact on a coil
It was applyed with a payoff reel by the mandrel shrinkage
and coil car up-and-down motion.

x4 HEMOBR
Details of test materials
Coatin Lubricant Plating layer Sheet thickness Width Steel cla Coil weight
oatng (included in coating) | (finish of substrate) mm mm eelclass ton
A MOdlﬁ.ed solid Hot-dip galvanizing 0.6 1220 Low carbon 10
lubricant
Conventional solid
B . Same as A Same as A Same as A Same as A 10
lubricant
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50 Before applying impacts on the coil After applying impacts on the coil
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K6 1D RNRIREERY) RS E DR
kw2 RUIVIGETR, & BICEERIN®E
Relations between coil collapse and the rewind tension
Left: After the mandrel shrinkage, Right: Furthermore, hang

it, and unload it (these impacts were applyed)
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BEE6 SHEOEEHIITIREI > /=57 Otk F (T=19.2MPa)
Slip gap that was caused by 8 times of impacts (7=19.2MPa)
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Image analysis coordinate of the radius vector marking
that moved by tension reduction rewind
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X7 J4IRERDEEEDER
Relations between rewinding tension and circumference
strain

BEE8 AThILLIEEY—F2 70K & EHREITEERE
Movement of the radius vector marking (black mark) by
slips and image analysis coordinate
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T
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After several times  After ancther one
of impacts time of impact
M8 HTHEEET /)N (BEEFEHRERNENLLEDOREE)

Model describes the tensile relaxation which depends on
the friction

HL, BIWILETOETT 2HP OB A =21, B
HBRIIERED 2 TIHET L7200, BRI =21 & L7
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T/,

BONBEERE, MR EZ AV TR R LEEIZLS
TIANVNEENZEALE S I aL— LT Y32l —Y gy
FMER6ITIRT,

R —F U IPETCLDBEL T ETIZOW
TOYIaLb—aVERER9, H10IRT. Bz
#2 29 20 MPa K DO uRJIFRNL & AT, 20MPa LL E ook
NPFEFFEN T LIV E HFHRTRLIZ. BTIE 72D
HRIEIE TR DS 34 VO RNSERIEIZE S DIk
LT, A TlE360 0] & KIEZRUEDFZRD Stz Btk
DRI E LTI A VNEELRE, 1RIOBTIUIL L0
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x£5 JMIVEERWT X MOFER EFEMIER
Result of the handling coil test and its analysis

Result of the handling coil test Result of analysis
Test No. Sample sz;a Impact Iﬁi juc(;)glggf; ¢ Object domain L nuﬁber M@a ra(tfio i
1-1 B 10.0 Did not 124 NG
1-2 B 15.8 Did not —0.4 OK
1-3 B 15.8 Applyed 4.8 NG
2-1 B 10.0 Did not —0.4 OK
2-2 B 10.0 Applyed 15.1 NG
2-3 B 13.4 Did not - OK 113 7.4E-4
2-4 B 134 Applyed 389 NG
2-5 B 192 Applyed 23 OK Overall length ~ 422.9 1-187 189 1.2E-3
T T 1 1 Sliped domain 179-187 14.8 9.7E-4 0.10
Mean properties of "B" 0.10
1-4 A 9.6 Did not 45 NG
1-5 A 14.8 Did not -0.2 OK
1-6 A 14.8 Applyed 4.5 NG
2-6 A 9.6 Did not -1.5 OK 74 4.8E-4
2-7 A Applyed 38.8 NG
2-8 A 124 Did not 23 OK Overall length ~ 389.2 1-174 149*04 9.7+2E-5
2-9 A 124 Applyed 20.3 NG Sliped domain 170-174 135 8.9E-4 0.19
2-10 A 19.2 Applyed 4.7 OK Overall length ~ 368.4 1-166 18.9 1.2E-3
1 1 1 1 1 Sliped domain 160- 166 16.9 1.1E-3 0.17
Mean properties of "A" 0.18%0.03

* L: Length of rewinding, N: Number of rewinding

oH #% &

o 43985 (2014)
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Simulation conditions of rewinding tension relaxation by apllying repeating impacts

Item of conditions

Details of conditions

Specifications of
model coils

Calculation

Coatin t w m, 2r, T, E
g mm mm ton inch MPa MPa #
A 0.6 1000 10 20 344 15034 0.18
B 1 1 1 1 1 1 0.10

*

t: Sheet thickness, w_: Sheet width, m : Mass of the coil, 2r,: Inside diameter of the coil,
T, Initial tension, E: Elastic modulus (Fig. 6), u: Frictional coefficient (Table 5)

1,2, .1
1,2, J

; = Integer (/1) + if Modulus (J/I) = i, 1, 0)

Rewinded number (radius position) =
Repeated number of applyed impacts
Slip number after repeated impacts

Tension after repeated slips

dmu 1 \Ki
Tij:( ee“"“1 ) T,
Phase anglar position after repeated slips
_ P TT
eij =2t} i*#
Coordinate system to trace the slip gaps

{ x; =t i-f)-cos (f)ij)

¥, = (ryti-1)-sin(6)

Slip starting point:innermost peripheral and the outermost peripheral positions
The biggest tension to coil collapse: 20 MPa

i
i
t k

Coating”A”
©=0.18
100times impact

j

Coating”A
©=0.18
400times impact

Coating”A”
©=0.18
200times impact

100times impact

150

Coating”B” 350 Coating”B” Coating”B”
PEXT) 0 #=0.10 ©=0.10

50

Y

175 30 -3

BN

—:T>20MPa
— :T=20MPa(Collapse)

—:T>20MPa
—:T=20MPa(Collapse)

—:T>20MPa
—:T=20MPa(Collapse)

9 HEMAICHEIZBR)VRLEZETTCOESThYGHE
Change of slip gap deistribution on "A" after repeated impacts

200times impact 400times impact

//35.0—:
150
50

175 0

175  _g0 0 175 350 0
-150 4
- — . T>20MPa —:T>20MPa —:T>20MPa
3 ] —ZTéZOMPa(ColIapse) —:T=20MPa(Collapse) —:T=20MPa(Collapse)
10 #tEMBICHT2#RVIRUVEET TOET LA HHERE
Change of slip gap deistribution on "B" after repeated impacts
R7 DA IVEUROESFEE
Index-value of handling a coil
Coating Frictional coefficient Tension retention by a slip The number of repeating impact until coil collapse
A 0.18 81% 360
B 0.10 52% 72
OB 8 O & oW E398%F  (2014) —26—
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= 0.20 T
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2
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[<}

[$)
3
9010 O
5

=
K
2 0.05

®A OB
0.00
000 005 010 0.5 020 025

U («—pressformability)
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Relations between two kinds of frictional coefficients,
vertical axis relates to handling and the horizontal axis
relates to forming
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Small consideration about the slide interface under press forming and under handring acoil or a sheet pile

Item of consideration | Under press forming Under handring acoil (or a sheet pile)
Aspect pressure 300 - MPa (plastic flow stress of substrate) 0.01-0.3MPa (0-3MPa)
Phenomenon of the | Relaxation of the contact stress by substrate plastic flow Relaxation of the contact stress by the compression elasticity
load (300- MPa) of the film layer (- 50 MPa)
Chenge of coating Film squeezed out fills up the surface coarseness of substrate | Topological immutability
layer Film layer intervenes under the high aspect pressure that
surpassed films plastic flow stress
Sliding surface Inside of the film layer Surface of the film layer
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Method of evaluation test for the other compatibiliys

Item of evaluation

Detail of evaluation testing method

Corrosion-resistance

Spot weldability

Compatibility as a painting sustrate

Corrosion accelerating environment: SST (JIS Z 2371)
Additional corrosion factor by the usages

1. Bulging: Ericksen method at 7mm hight (added to the half bottoms of the test peace)

2. Scratch wound: Cross cut reaches the steel substrate (added to the half bottoms of the test peace)
3. Cutted endface: Protection with the polyester tape seal

Evaluation: Corrosion appearance after SST 72 h continuation

Spot welder specification

Welder: "C" type

Electrode tip specifications: DR typel6 x 6 (40R), material: Chromium-copper alloy

Welding power supply: AC200V/60Hz

Load: 2kN, cooling water flow: 2L -min™!

Electricity schedule: Squeeze/ 5 cycle and electricity /10 cycle and hold/ 1 cycle

Running in welding: 50 times with cold rolled steel sheet at the current of 6 kA

Conditions of electricity: 5 - 15kA (until fusion-bonding of tip with material, at suitable distances)
Measurement: Break strength and nugget diameter of the shear specimen by the spot welding
Evaluation:

1. Nugget formation electric current (nugget diameter (D) of the 4 Y/t equivalency)

2. Spark outbreak electric current

3. Fusion-bonding outbreak electric current

5. Appropriate current range between nugget formation and spark outbreak

Orver coat painting
Paint: melamine-alkyd resin coating (GLIMIN #500 WHITE product of SHINTO PAINT CO.,LTD.)

Orvercoat thickness: 25 um, curing condition: 120°C x 25min
Evaluatin
Adhesion with over coat: Cross cut test (10 x 10)

Primary test: As painted sheet

Waterproof test: After immersion in boiling water for 1h
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Apearance of test peace

Waterproof test

Primary test
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Appearance of peeled tapes after cross cut test
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Nugget diameter and welding phenomena with the variety

of electric currents
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