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Composite damping sheet steels which are composed of two steel-sheet skin layers and
a centrally disposed viscoelastic resin layer have been attracting attention. The composite
damping sheet steels have better damping ability than that of other types of damping sheets
and similar formability to that of conventional sheet steels. Therefore, they are expected to be
widely used for many machinery and equipment components. The composite damping sheet
steels, however, have poor spot-weldability, because their core resins have no electric conduc-
tivity. A few methods of welding performance have been proposed to resolve such trouble.
Kawasaki Steel has developed a spot-weldable composite damping sheet steel “NONVIBRA”
by adding graphite particles to resin layers, and resolved this trouble basically.

A role played by graphite is to provide a current path at the beginning of spot welding. A
critical radius and critical amount of graphite particles for this purpose depend on the thick-
ness of the resin layer. Graphite in the resin layer does not affect other characteristics such as

the loss factor and adhesion.

1 Introduction

Many grades of sheet steels are used for automobiles.
Taking cold-rolled sheet steels as an example, seven
grades in all: drawing quality (DQ) steel, deep drawing
quality (DDQ) steel, extra deep drawing quality
(EDDQ) steel, rephosphorized steel, dual phase steel,
precipitation bardened steel, and ultra high-strength
steel are used for this purpose. If hot-rolled sheet steels
and surface-coated sheet steels are added thereto, no less
than twenty grades of sheet steels are used for meeting
the requirements.

Recently, demand for vibration-damping sheet steel
has increased from the needs of automobile noise con-
trol and improved habitability of the automobile cabin.
Namely, development has been demanded for sheet
steel which has similar mechanical properties to those of
the above-mentioned automotive sheet steels and also
has outstanding vibration-damping quality. Such needs
came not only form the automotive industry but also
from other fields such as home electrical alliances,

industrial machinery, OA equipment, shipbuilding and
bridge construction. To meet such needs, Kawasaki
Steel has developed vibration-damping composite sheet
steel (NONVIBRA) in which a viscoelastic resin layer is
sandwiched by steel-sheet skin layers, and also has
developed lightweight composite sheet steel (RIVER
LAMINATE) which has similar construction to that of
NONVIBRA, but is different in kinds and thickness of
resin. Both of them are given a generic name of “compo-
site sheet steel.” Major differences between them are
shown in Fig. 1 and Table 1.

Compared with conventional vibration-damping
alloys” of twin type, dislocation type, or ferromagnetic
type, the vibration-damping composite sheet steel excels
in vibration-damping quality which is important in this
grade of steel, and thus can be used as the most desir-
able vibration-damping material. Also a comparison
between the vibration-damping composite sheet steel
and conventional sheet steel is given in Table 2. Namely,
the vibration damping property of the vibration-damp-
ing composite sheet steelis 107 to 10* higher than that of
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Fig. 1 Two types of composite sheet steels

Table 1 Differences between two types of composite
sheet steels

NONVIBRA RIVER LAMINATE
Object Vibration damping Weight reduction
Resin Viscoelastic Thermoplastic
Ply-ratio =0.2 =0.5

Table 2 Properties of conventional composite damp-
ing sheet steels

Property Characteristic compared with SPCE

Damping ability 10*~10* higher

Tensile property Almost the same

Almost the same except that wrinkles are

Formability apt 10 oocur

Spot weldability Very poor

conventional sheet steel, and mechanical properties of
these two steels are almost the same. There is no prob-
lem in heat resistance, because the vibration-damping
composite sheet steel can withstand the paint bake treat-
ment which it receives in the manufacturing process of
automobiles, but in the spot weldability, vibration-
damping composite sheet steel which was developed in
the past is inferior in workability to conventional sheet
steel. This is because the resin in the intermediate layer
inherently lacks electric conductivity, direct spot weld-
ing is impossible by the conventional method. To cot-
rect these defects, various methods have been proposed
or executed, such as installing a bypass cicuit®, provid-
ing a subsidiary electrode®, and the punch mark
method.” These methods have made spot welding pos-
sible, but they have caused elongation of welding time,
increased instability of weld quality and a rise in cost,
and have proved that they are not the methods for drasti-
cally improving the spot weldability of the vibration-
damping composite sheet steel up to the same degree as
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that of conventional sheet steel.

The authors have been making research on develop-
ing vibration-damping composite sheet steel suited to
direct spot-welding by the same method as the conven-
tional one, and achieved the objective by blending the
viscoelastic resin, which causes vibration-damping
property, with graphite. This report first describes fun-
damental tests for giving electric conductivity to the
intermediate resin layer and then explains the basic
properties of vibration-damping composite sheet steel
“NONVIBRA” which has been developed on the basis
of the results of the fundamental tests.

2 Fundamental Tests

This chapter describes the results of the fundamental
tests conducted for giving spot-weldability to vibration-
damping composite sheet steel.

2.1 Test Method

2.1.1 Preparation of vibration-damping sheet
steel sample

In making vibration-damping sheet steel for testing
purposes, 0.6-mm-thick SPCE (DD() steel) was used for
skin sheet steel, and polythylene was used for resin as
shown in Table 3, taking into consideration film forma-
bility of the resin when it is blended with graphite. To
give electric conductivity to the resin layer, graphite par-
ticles were crushed and sifted out to adjust their average
diameters within the range of 50 to 300 um. Graphite
content was changed within the range of 10 to 50 wt% of
polyethylene,

Polyethylene pellets and graphite particles, which had
been prepared in the above-mentioned way, were uni-
formly mixed and dispersed between two sheets of
tefron as shown in Fig. 2, and hot-melted by a hot press
machine available at the laboratory. The graphite-bear-
ing polyethylene film thus made was sandwiched by two
SPCE steel sheets and again hot-pressed to make a vibra-
tion-damping composite sheet steel.

Table 3 Materials used for the test

Materiai Characteristics
SPCE grade
sS}t;:Its Thickness: ©.6 mm
TS 32 kgffmm?, ¥S 19 kef/mm?, EI 47 %
. Fine pieces smashed from carhon electrodes
g;;[i)c}i::tse Diameter: 50 to 300 gm
Content: 10 to 50 wt%
Resin Polyethylene (PE) pellet with adhesiveness

KAWASAKI STEEL TECHNICAL REPORT



PE + Graphite

4

Tefron sheet

{a) Blend {b) Hot press

trr

{c) PE film

"/ Priessin’et &fliat

”/ Pttt

(d) Setting fe) Hot press

(f) Composite
damping steel

Fig. 2 Procedure of sample preparation

2.1.2 Test items

Table 4 shows the test items and the test conditions;
Figs. 3, 4, and 5 show the loss factor, tensile strength of
spot-welded joints, and shape and dimensions of the test
piece for measuring adhesive strength between skin
sheet steel and resin, respectively. The loss factor ()
which indicates vibration-damping performance was
obtained by the mechanical impedance method® within
the temperature range of 20 to 120°C. The test piece was
placed horizontally and cramped at the center in the

Table 4 Evaluation tests for composite damping sheet

steels

Test item Test condition Measurement and
Damping 20~120°C
property Mechanical impedance method Loss factor (@~1)
Spot Tip: CF type, 6.0 mm dia. Nugget formation
P ability | Electrode force: 200-1 000 kgf | 7SS, CTS

Y | Welding current: 6-12kA Fracture mode
Adhesivity quso—ﬁ{lg?; (t:ype Lap shear strength

Cramping (10 % 20)

i

v L |

300

Fig. 3 Size of a test-piece for damping test
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lengthwise direction. It was oscillated and its accelera-
tion was measured at the same time (Fig. 3).
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Fig. 4 Configuration of spot welded joints used for
tensile test (mm)
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Fig. 5 Configuration of a test-piece for adhesivity test
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To evaluate spot weldability, a vibration-damping steel
sheet of about 1.3 mm in thickness was spot-welded to a
1.2-mm-thick SPCE steel sheet (DDQ steel sheet), as
shown in Fig. 4, using a direct spot-welding machine
(capacity: 600 kVA) manufactured by Man’yo Industry
Co., Ltd. The tensile shear test and cross tension test
were conducted in conformity with JIS Z 3136 and
Z 3137, respectively. Evaluation items consisted of
nugget formation, joint strength and the failure mode.

Adhesive strength between skin sheet steel and resin
was measured on the basis of JIS K 6850. Figure 5
shows the shape of the test piece. Each vibration-damp-
ing steel sheet is given a notch by a precise cutting
machine. Shear strength was measured and expressed
in strength per unit area. The test-piece temperature
was changed within the range of —20to +100°C.

2.2 Test Results

‘What should considered in adding graphite to resin
are the average particle diameter (D,), quantity of addi-
tion, and the size distribution of graphite. Figure 6
shows the spot-weldability of vibration-damping steel
sheets which were made by adjusting D, to 200, 150 and
100 #m and by changing film thickness (¢ within the
range of 50 to 500 xm, while maintaining the quantities
of graphite added to polyethylene at 30, 30, and 20 wt%
respectively. The figure indicates in all cases that as film
thickness f, becomes greater than average particle diam-
eter D, of graphite, the success rate of spot welding
drops. This reveals that the success rate of spot welding
is affected not only by the magnitude of D,, but also by 1,
which has an important meaning, and that if the Dyt
ratio is 0.8 to 1.0 or above, the success ratio will be 100%.
Figure 6 shows the case in which D, is greater than ¢,
Since D, indicates the value before film formation and ¢,
shows the value after making the vibration-damping
steel, it is considered that graphite particles have been
crushed at the stage of making the vibration-damping
steel.

Figure 7 shows the effect on spot weldability of the
amount of addition and average particle diameter of
graphite and electrode force, when film thickness is
maintained at about 200 gm. The spot-weldable range

58

0 —0—0—Q Graphite : 30 wt%

rend
50

>0,

4 D =200 um
1 1 1 1 i

Graphite | 30 wt%

=3
T

100}

- Tr<Dg‘
4 D =150 um

| 1 i 1 1

1004+ O—o; Graphite © 20 wt%
T>Dy

50 ‘

>0

=
1

Probability of success in spot welding (%)
&8

Dy © Graphite diameter
. Resin thickness

1 1 ]
0 100 200 300 400 300 600

Resin thickness (gm)

Fig. 6 Effect of resin thickness on spot weldability
(Electrode force: 200kgf)

Resin thickness200 uym
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Fig. 7 Eiffect of content and average particle diameter
of graphite on spot weldability
(Electrode: CF 6.0 mm¢ )
Welding current: 10 kA X 12 cycles

(the range of conditions under which the success rate of
spot weldability becomes 100%) becomes the maxi-
mumn, when the average particle diameter becomes
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Photo 1 Structure of spot-welded composite-steel joint
(Elcctrodc: CF, dia., 6.0 mm, 270 kgf)
Welding current: 9.8 kA X 12 cycles
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Fig. 8 Effect of welding current and electrode froce on
tensile shear strength when a composite damp-
ing sheet (0.6:0.1:0.6 mmr) was spot-welded
with a SPCE prade steel sheet (1.2 mmz)
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Fig 9 Effect of welding current and electrode force on
cross tension strength when a composite damp-
ing sheet (0.6:0.1:0.6 mm{) was spot-welded
with a SPCE grade steel sheet (1.2 mmi)

175 pm which is slightly smaller than the film thickness
of 200 um, and even at a graphite addition of 20 wit%,
excellent spot weldability is obtained. When electrode
force is raised from 200 kef to 400 kgf, the spot-weldable
area expands towards the smaller particle diameter of
graphite, and excellent spot weldability can be obtained
even at D, of 125 um.

Photo 1 shows the micrograph of cross section of the
weld of a vibration-damping steel sheet with ¢ of
0.1 mm, a graphite addition of 20 wt%, and D, of 80 pm.
A nugget is formed over three steel sheets, that is, two
steel sheets of 0.6 mm in thickness which form the
vibration-damping composite steel sheet and a 1.2-mm-
thick SPCE steel sheet. The photo of base metal of the
vibration-damping steel sheet indicates that some
graphite particles are contained in the resin film.

Figures 8 and 9 show the effects of spot-welding condi-
tions on tensile shear strength (75S) and cross tension
strength ( CTS), respectively. In these figures, the above-
mentioned vibration-damping composite stee! sheets of
0.6/0.1/0.6 mm in thickness and 1.2 mm-thick SPCE
sheets have been spot-welded. Numerals indicate the
tensile shear strength or cross tension strength in units
of kgf/spot. Figure 8 shows that 7SS comparable to that
which can be obtained in spot welding of two SPCE
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sheets within a wide welding condition range can be
obtained. The fracture mode of the weld becomes a
shear mode when the welding current is lower, and
becomes base metal fracture when the welding current
is higher. This is the same as the case of spot welding of
two SPCE sheets. On the other hand, Fig. 9 that the

Loss factor (@)

0.5
at 1000 Hz
0.1
005 -
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Fig. 10 Effect of graphite addition on temperature
dependency of loss factor
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Fig. 11 Effect of graphite addition on temperature

dependency of adhesive strength

value of CTS is generally lower than that of 7SS and
shows wide dispersion. The reason for this is that it is
difficult for uniform force to be applied to two skin steel
sheets which compose the vibration-damping steel,
and thus the stress condition tends to become the
same as that which occurs when a 1.2-mm-thick and a
0.6-mm-thick SPCE sheets are spot-welded, Referring to
the failure mode of the weld, there is no base metal frac-
ture, but only shear fracture or button-shape fracture
exists.

There 1s almost no effect of graphite addition on the
temperature dependency of the loss factor (Fig. 19), and
shear strength does not drop noticeably, either (Fig. 11).
From the above, it has been found that graphite addition
to resin is an effective method for giving spot weldability
to the vibration-damping composite sheet steel, and
scarecely has adverse effects on vibration-damping prop-
erty and adhesive strength.

2.3 Welding Mechanism

The authors have investigated the phenomenon
which occurs when graphite-added composite vibra-
tion-damping steel sheets are spot-welded, and have ex-
amined the mechanism through which spot weldability
is imparted by graphite addition.

Figure 12 shows a comparison in secondary current
behavior between spot welding of two vibration-damp-
ing composite stee] sheets and that of two conventional
steel sheets. In the latter case, the secondary current
flows according to the set value starting from the initial
half cycle, whereas in the former case, the secondary
current of only about one-third of the set value flows for
the initial two cycles. Such a current behavior in spot
welding of vibration-damping composite steel sheets
resembles pretiminary current conduction® for preheat-
ing the resin by installing a bypass in the case of vibra-
tion-damping sheet steels manufactured by other steel
mills, and thus it is considered that graphite in the film

[
L

12 -11

(a) On the spot welding of a
composite damping sheet
{0.6:0.1: 0.6 mm¢) with a
S5PCE grade steel sheet
(1.2 mm¢}

(b) On the spot welding of two
1.2 mm¢ sheets of SPCE
grade steel

Fig. 12 Comparison of secondary welding current
(Electrode: CF, 6.0 mm dia., 300 kgf)
Welding current: 10 kA X 12 cycles
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Fig. 13 Comparison of electrode displacement during
spot welding
(Electrode: CF, 6.0 mm dia., 300 kgl)
Welding current: 10 kA

becomes a current conduction circuit at the initial stage
of current conduction, and heats and softens the resin,
thereby causing the two skin steel sheets which com-
pose the vibration-damping sheet steel to come into
direct contact. In other words, the role played by the
spot-weldable vibration-damping sheet steel developed
by Kawasaki Steel consists in eliminating the process of
bypass installing which is a part of welding operation.
For this reason, the use of Kawasaki Steel’s vibration-
damping composite sheet steel will make it possible to
obtain a sound and stable weld quality without variation
in weld quality depending on the weld pitch as in the
bypass method.

Figure 13 shows the results of the monitored move-
ment of the electrode tip during spot welding. For the
vibration-damping composite sheet steel, the tip

descends at three cycles in the initial stage of current
conduction (indicating that the film has become thinner
by 0.06 mm), and softening of the resin is clearly
observed.

From the above test results, cutrent conduction cir-
cuit formation by graphite is schematically expressed in
Table 5. Assuming that film thickness and graphite con-
tent remain constant, the distribution of graphite in the
fitm will be divided into three kinds, i.e., “fine grain and
high density,” coarse grain and low density”, and their
“intermediate state.”

In the case of the “fine grain and high density,”
graphite particles are uniformly disperesed in the film,
and even if the film becomes thinner due to electrode
force, mutual contact between graphite particles is diffi-
cult to occur, thereby making spot welding partically
impossible. Even in this case, however, if a method is
taken whereby to preheat resin by installing the bypass
circuit, welding is made much easier with more stable
weld quality than in the case of no graphite addition.

As for the “coarse grain and low density,” on the other
hand, the ease in current conduction makes spot weld-
ing possible, but sometimes the current does not take
the shortest distance between electrodes, but makes a
detour, thereby making weld quality unstable. Asforthe
“intermediate state” a current path of “glectrode—skin
steel—graphite—skin steel—electrode” is formed by elec-
trode force, and stable weld quality can be obtained.

To verify the existence condition of graphite shown in
Table 5, calculations shown below have been made.
Let’s assume that the graphite particle has a spherical
shape (with a radius of r) and consider that n pcs of
such graphite particles are arranged in a lattice formata
pitch of d within a square shape of the fitm (with a film

Table 5 Mechanism of improvement in spot weldability

Graphite particle Spot
Spot welding po‘l'
Diameter Density Distribution in PE weldability
L___ Electrode 1
Steel
Fi High 00n 098 e oeleeTexe Poor
e '€ PE OO(') Q O Ond')O [0S = (impossible)
Steel
— FElectrode
[
S N Good
Proper Middle O Q C NCY (¢ ol
* 3N A
—
L\:_—/ )
] f’ Good
Coarse Law = Graphite -={ \) (unstable)
R
— T
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Table 6 Mechanical properties of composite damping steels

Steel Direction (kg g;‘gmz ) (kgfsjg‘lrn’) (E/u[) %:,'/5! 4 LDR
L 14 30 51 o]
Deep drawing steel (J?g‘g;r)ft) T 15 30 53 0 2.06 2,21
D 15 31 49 0
L 14 29 51 0
Dl e | EDO® e T T T e Tw o | e | 2a
D 15 31 49 0
L 14 30 51 0
™ | 0 dTE | T | W | m s o | e | 2
D 15 30 48 0
Tensile test:  JIS No.5, G.L.=50 mm
LDR test : Punch dia. 33 mm, BHF 500 kgf, Lubricant G 790

thickness of 1) having a side / When the density values
of the resin and graphite are denoted by p, and Py,
respectively, and the weight ratio of graphite content to
resin is denoted by R, the following two equations are
obtained:

@p)ar’ x n’ x py  _
{1 — (43)nr® x n’lp,
I=dxn

Assuming that the particle diameter of graphite is equal
to film thickness to make the calculations simpler,
namely, assuming that r = 2r, graphite interval  can be
expressed by

i2

d= (’i"’fg + ”—"’f)l ¢
6R 6
If it is assumed that ¢+ = 0.l mm and R = 0.20, we
obtain p, =2.3" and p, = 0.9", thereby obtaining
d =10.25 mm.

The vibration-damping steel sheet shown in Photo
1(a) gives the following values: ¢t = 0.1 mm, R = 0.20,
and 2r = 0.8¢; thus 4 = 0.20 mm is obtained by calcu-
lation, which means that five graphite particles lie in the
film of 1.0 mm in length. Photo 1(a) indicates nearly the
same condition. The edge diameter of the electrode tip
is 6.0 mm, which means that about 700 graphite par-
ticles exist in the film which lies in the area pressed by
the tip, thereby guaranteeing the uniformity of current
conduction.

3 Characteristics of Spot-weldable Vibration-
damping Composite Sheet Steel “NONVIBRA”

On the basis of the above-mentioned findamental
tests for development, we have developed vibration-
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damping composite sheet steel “NONVIBRA” having a
high loss factor and capable of spot welding. For the skin
sheet steel, non-aging EDDQ cold-rolled sheet steel
“KTUX” has been used to eliminate trouble arising
from aging due to the heat effect during the making of
the vibration-damping sheet steel (designation: KTD-
C). For the skin sheet steel, hot rolled sheet steel and
surface-coated sheet steel can also be used.

Table 6 shows mechanical properties of vibration-
damping sheet steel for room temperature use, KTD-
C(R), and vibration-damping sheet steel for middle tem-
perature use, KTD-C(M) (0.8/0.1/0.8 mmz for both),
and skin sheet steel, KTU-X (0.8 mmj). Tensile proper-
ties of the vibration-damping sheet steel and skin sheet
steel are almost the same and their 7 values and limiting
drawing ratios (LDR) which can be used as rough guides
to drawing formability are also equal. Photo 2 shows
cups obtained by deep-drawing the vibration-damping
steel sheet for room temperature, KTD-C(R) (0.8/0.08/
0.8 mmy), and SPCE sheet (1.79 mmy) using the Erich-
sen tester. The punich diameter is 100 mm, punch-nose
diameter 12 mm, and the radius of curvature of the die
lip 4 mm. Blank holder forces are 5 and 3 t, respectively.
Both cups were drawn at the state near the limiting
drawing ratio (at 2.20 and 2.05, respectively), and edge-
cut by about 5 mm. Since KTD-C (NONVIBRA) has
better drawability than that of SPCE, it can be used for
making oil pans which must undergo particularly severe
drawing out of automobile parts. As shown in Pheto 3,
the flange of the deep drawn cup is spot-welded, but ifit
is seam-welded, the cup can be used as a cover for the air
COMPpressor.

Figure 14 shows the welding current behaviors of
vibration-damping sheet steel (KTD-C) for room tem-
perature and middle temperature during spot-welding.
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Photo 2 Cups drawn by Erichsen
testing machine

(a) NONVIBRA KTD-C

Photo 3 A spot welded model
component using NON-
VIBRA KTD-C

type

type

O.Qg's

Fig. 14 Welding current of NONVIBRA KTD-C for
room temperature use (R) and middle high
temperature use (M)

(Electrode: CF, 6.0 mm dia., 390 kg
Welding current: 11 kA x 18 cycles
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(b) SPCF.

In KTD-C for room temperature, a welding current
nearly equal to the set value flows from the start. In
KTD-C for middle temperature, a weak welding current
flows for the initial few cycles (playing the role of pre-
heating the resin), and then the secondary current flows
according to the set value. Seam welding can also be
easily applied in exactly the same way as before as in the
case of direct spot welding.

Temperature dependency of the loss factor is shown
in Fig. 15, and all KTD-C sheets for room, middle and
high temperatures have the maximum loss factor value
of about 0.5, indicating the less temperature dependency
of all these sheets. In using them, right type of sheet
should be properly used for right working temperatures,
as they can be accommodated to applications within
the range of from room temperature to 120°C. At pres-
ent KTD-C and KTD-H are enjoying favorable accept-
ance by users following the result of user tests, and are
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Fig. 15 Temperature dependency of Q' in three
types of NONVIBRA KTD-C

expected to contribute to preventing vibration, noise
generation, and fatigue fracture.

4 Concluding Remarks

Vibration-damping composite sheet steel (NON-
VIBRA, KTD-C), which is suited to direct spot welding
in the conventional way by adding graphite to a vis-
coelastic resin, has been developed, and the following
points been found in the process of its development:
(1) The role played by graphite during spot welding is to

provide a current path at the beginning of spot weld-
ing and replace a bypass installation or an auxiliary

electrode,

(2) The amount of graphite addition can sufficiently be
the smallest, when the graphite particle diameter is
slightly smaller than resin thickness. Then the film
thickness and particle diameter become exactly
equal during the application of electrode force,
thereby forming a current path.

(3) When a spot-welded joint between KTD-C and
SPCE is compared in strength with that between
two SPCE’s, the former is slightly inferior to the lat-
ter in cross tension strength, but nearly equal in ten-
sile shear strength.

(4) There is no adverse effect exercised by graphite
addition on the loss factor and adhesive strength,

{5) The KTD-C sheet made of EDDQ) steel sheets has
higher drawability than that of the SPCE sheet hav-
ing the same thickness.

References

1) Koichi Sugimoto: J. of the SAE of Japan, 30 (1976) 3, 154-
160

23 Y. Tani, H. Fujiwara, H. Ichino, I. Kokubo, S. Nomura, and Y.
Yutori: Kobe Steel Engineering Reports, 29 (1979) 1, 4-11

3) T. Sasaki: Press Working, 22 (1984) 4, 52-56

4} H. Hayashi: Polymer Digest, 35 (1983) 12, 15-22

5 K. Shiraki: Mashine Design, 18 (1974) 10, 10-19

6) M. Kabasawa and J. Tanaka: Tetsu-to-Hagané, 70 (1984) 5,
5338

7) Dictionary of Physics and Chemistry, (1983), [[wanami Shoten}

8) K. Ibonai: Elementary Plastics, (1978), [Kougyou-Chousa-Kai
Publishing Co., Lid.]



	★e12-055-064
	e12-055-064

