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1

Introduction

Rapid manufacturing is the use of additive fabimatechnology to directly produce
useable products or parts. Geometric freedom, fisruttiple materials, elimination of
tooling, mass customization and lowered costs amesof the advantages of these
processes. However a great accuracy, good mechgnazerties and low prototype
timefi1] are needed to be a competitive manufacturing peoce

Since the origin of rapid manufacturing as an etimfuof rapid prototyping many
companies are developing processes and materialsisirdirection and applications
fields are increasing as soon as new improvemeatseing reached.

Technology is advancing so fast that an updateéldeo$tate of the art is necessary.

The objective of this project is to test availahtel under development technologies for
the rapid manufacturing of complex metal partsndeo to know the currently state of
the art

Getting to know advantages and limitations of theseesses will make it possible to
find potential manufacturing applications and tlesethe most suitable process for any
customer needs.

For the performance @b]this project, several companies on different tetbgies will
be asked to build the same part in metal as bentiimga Parts will be built in steel or
titanium alloys. Steel was the first commerciallyagable material from many
companies due its main application as rapid toolimiile titanium in many cases is
still under development

Accuracy, detail capability and geometry limitasonill be measured to test the quality
of the parts.

Tensile and hardness test will be performed ondmgl materials to determine
mechanical properties.

Building time will be considered as the total amobahmachine hours and secondary
operations. Post processing like support removel famshing processes will not be
taken into account.
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2 Technologies

21 3D Printing. ProMetal

The ProMetal 3D printing process is an indirechtesogy, which consists in jetting a
binder onto a metal powder bed. Parts are builtaypr by layer to near net shape.
Upon completion, the “green” part is loaded intsirtering furnace that fuses the tool
steel powder into a form that has 60 percent dgnstiile burning off the binder. In a

second furnace cycle, this porous structure isltiafed with molten bronze via

capillary action to reach full density.

Figure 1 Courtesy of ProMetal

2.2  Selective Laser Mélting. (SLM) MCP

SLM is a direct process based on a principle irhguanner that the powder is applied
in very thin layers on a building platform and reeltdue to the thermal influence of a
laser beam. In each layer the laser beam gendtetesutline of the part that is being
built by melting the powder particles, before theilding platform is lowered and
coated with a new layer of powder
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Figure 2 Courtesy of MCP
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2.3 Laser Forming. Trumpf

In this process, like in MCP, the laser beam metisthe powder layer. Adjacent
melting traces and stacked layers are welded tegeiid the build platform is lowered
by the set layer thickness. These steps are rebest#l the entire component is
complete.

‘:« a2

Figure 3 Courtesy of Tr‘umpf

24  LaserCusing. Concept Laser

Like the previous direct processes, this methodduayer for layer single component
metallic powder to produce an almost 100% compodensity. A patented exposure
strategy allows the generation of solid and largeswme components without any
deformation. A special surface post-treatment mecealled micro blasting, directly
after the construction process ensures the highefstce quality and hardness.

Beschichtersystem Beschichtersystem
und Ablauf dritter - und Ablauf zweiter
Schritt e 1 Schritt
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und Ablauf erster
Schritt

4. Speziell entwickeltes
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5. Gegeniber-

© Metallpulver stehende Klingen

6. Bauplatte
Dosierkammer-
© platte

Figure 4 Courtesy of Concept laser GmbH
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3 Benchmark model

This picture shows a 60*100*81 mm part which hasrbdesigned specifically to study
the following features:

Figure 5 Benchmark model

3.1 Overhang

Many technologies have difficulties in building amerhang plane due to the process
definition of layered wise production in a powdedbSome of the processes can solve
this problem by using support structures, whickerafards have to be removed by post
machining. This solution will increase productiomeé and the need of secondary
operations. The benchmark part has been desigrtbdawitable” shape whereby the
overhang plane at the interior side is a buildihglienge.

Figure 6 Overhang plane
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War page

Warpage is the excessive distortional change inmomegsed part after it has been
removed out of the powder bed at the end of thegasm The term warpage is employed
when a whole part is being bowed. The main causev@ypage is inhomogeneous
shrinkage. Both shrinkage and warpage will depemdhe material properties, part
geometry and process conditions.

Wall thickness transitions also exert influencetbea heat transfer within a part. To
evaluate this phenomenon the part has been desigtiea “table” shape where there
is a wall thickness transition from 10 to 5 mm.

Figure 7 "Table" shape

3.2 Building angles

Due layers construction some technologies havédifies in building features with a
specific angle. In some of them supports may belegeTo study this capability an
“open book” shape has been designed. The “shesgsplaced in angles of 0, 15, 30,
45, 60, 75 and 90 degrees.

Figure 8 "Open book" shape
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3.3 Wall thickness

Laser spot limits usually minimal wall thickness.this part, elements with 2, 1 and 0.5
mm wall thickness have been designed to study lilmgation. The “open book’s
“sheets” have a 2 mm wall thickness and the tw&i fiircular and square towers have
been designed hollow with 1 and 0.5 mm thickness.

34 Critical geometries: narrow and high details

There is a risk that the internal stresses willo&lcracks where there are layer defects
in high parts. Square and circular towers with h&sigf 30, 20, 10, 5 and 2.5 mm and
different dimensions or diameters have been dedigmenalyze the risk of cracking.
There are also towers with 1 and 0.5 mm diamethictwin some cases, may not be
built due to minimal spot laser.

Figure 9 High and narrow details

3.5 Critical geometries. small through holesand Z- bonus.

In layer production technologies, part orientatisra very important building factor.
Building features in XY plane [ig] easier than making then in XZ or YZ plane due to
layer slicing in Z direction. In some cases surfaadl become thicker than planned.
On the other hand, small holes may not be builttdusinimal spot laser.

To test detail capability through holes of 4, 312and 0.5 mm diameter and 10 mm
length have been placed at the top plane (XY)hAtrtght and left plane (YZ) holes of

10, 4, 3, 2, and 1 mm with 5 mm length can be fodnidhe front plane (XZ) there is a

through hole of 8 mm diameter and 100 mm length.

Figure 10 Holesin different directions
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3.6 Critical geometries. curved areas

For layers production technologies it may be difi¢co build curved areas due to layer
slicing. Two elliptical areas with different dimeéoss have been placed at the top plane
(XY) to test this capability.

Figure 11 Curved areas

3.7 Mechanical properties

Some of the “open book’s “sheets” will be used tain specimens for a tensile and
hardness test to determine mechanical properties.
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4 Analysis and results

4.1

Building parameters and general observations

10/31

Due to the complex design of the benchmark modélas been very difficult to find
companies, which accepted this building challenge.

Following technologies and materials have parttei@an the study.

Steel Alloy
Technolo Equipment Compan Alloy Name =IulETe
9y quip pany Y commer cial alloy
Concept Laser AISI 316L
LaserCusing M3 Linear Gmpr CL 20ES Stainless Steel
DIN 1,4404
Selective Laser| MCP Realizer MCP Tooling AISI 316L
Meltin SLM Technologies LTD Stainless Steel
9 g DIN 1,4404
S4 (60% Stainlesi .
i ISI 420 Stainles
0
3DP Printing R2 ProMetal steel + 40% steel / DIN 1.402
bronze)
Titanium Alloy
. Similar to
Technology Equipment Company Alloy Name commerdial alloy
Laserforming Trumaform 250 Trumpf TiAl 6 V4
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ProMetal

For the benchmark model the following build pararetvere used:

Material: S4 (60% Stainless/ 40% Bronze)
Layer thickness: 100 um. 616 layers.
Mode: printed 1 way

Due to the ProMetal process it was necessary toaaslgpport for bronze infiltration.
This support will be machined before testing.

Figure 12 ProMetal part with supports

Figure 13 Left and right plane

Figure 14 Back and top plane
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Overhang, angle planes and logo were positive titittout supports, but some features
like the small holes and cylinders were missinghattop plane. Small through holes
were positive built at right and left plane but abfront plane.

Figure 16 Logo and through hoI& at rlght plane
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MCP

For the benchmark model following build parameteese used:
Material: Stainless Steel 316L
Layer thickness: 75 um

MCP had to add supports to build overhang, trouglad) logo and angle planes below
45 degrees. The part also needs to be removedfi@iuilding platform.

Figure 17 MCP part with supports at left and front plane

Figure 18 Right and back plane

Figure 19 Top pléne
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The effect of Z-bonus and warpage is remarkablat front plane

Figure 20 Warpage and Z-bonus

All features at top plane were positive built.
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Concept Laser

For the benchmark model following build parameteese used:

Material: Stainless Steel 316L
Layer thickness: 30 um
Finishing process: Micro blasting

Concept Laser built the part rotated over 135 degyend used supports which were
removed after building.

Figure 22 Concept Laser building orientation

Due this building orientation, warpage and Z-booaisnot be studied.

In some critical geometries the effects of the sugpcan be noticed due this building
orientation. There is also a deviation from thdieat plane in the angle plane supposed
to be built at 90 degrees, in one of the “book'setf”.

Figure 23Effects of the building orientation
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It was also necessary to add a support structutieetdile to build the overhang plane.
Holes were made to reduce support-building timee s added support, holes are not

through.

Through holes at front plane were positive built.

Figure 24 Concept Laser part with support

Figure 25 Right and back plane

Logo and all details at top plane were positivdtbui

Figure 26 Concept Laser benchmar features
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Trumpf

For the benchmark model following build parameteese used:

Material: TiAl 6 V4
Layer thickness: 50 pm

Trumpf had to add supports to build overhang, tholigles and angle planes below 45
degrees. No supports were needed to build the logo.

k.

Figure 27 Trumpf benchmark model with supports

Figure 28 Right and back plane

Figure 29 Top and bottom plane
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There is a thickness defect at angle planes angagarat front and back plane.

Figure 30 Thickness defect and warpage

Logo and most of the critical geometries at topnplavere positive built but some
geometries like tetrahedrons were missing.

Figure 31 Benchmark details
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4.2 Dimensional accuracy

Testing procedure

A digital calliper was used to test accuracy. Alhdnsions were averaged after five
times measurements.

Each critical dimension has been analysed sepgradeld compare between
technologies.

Parts have been scanned and compared with thie stl
A table with the deviation average and standardatien by company is included at the

end of this study.

Main dimensions

Ri:i::j}h/
/’“\ D
s A |
Figure 32 Main dimensions
Nominal
Values ProMetal MCP Concept Laser Trumpf

100 | 99,60| 0,40| 100,04|-0,04] 99,99| 0,01] 99,68| 0,32
60 [59,89| 0,11{ 60,06 | -0,06{ 60,09| -0,09 | 61,40 -1,40
81 [8091| 0,09 80,23 | 0,77 80,99| 0,01f 80,13| 0,87
25 [2540|-0,40( 24,71 | 0,29 25,04| -0,04| 24,92| 0,08
10 | 10,27] -0,27| 9,90 | 0,10 10,10| -0,10
5 525 | -0,25| 5,20 |-0,20 5,32 | -0,32

Tm|m|olO|w|>
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Main dimensions

1,50
1,00
0,50
< ¢ Prometal
= m MCP
8 0,00
g) Concept Laser
% Trumpf
-0,50
-1,00
-1,50
Nominal Values
Tetrahedrons
Tetrahedrons WS
[ —
2,00 w4
—{Lzl
1,50 O—
W3
1,00
L3
c 0,50 & Prometal
o
= m MCP
< 0,00 o w2
g Concept laser
-0,50 > Trumpf L2 | | T2
-1,00
W1
-1,50 o
m
L1 e —t——
-2,00
Nominal values

Figure 33 Tetrahedrons
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Nominal ProMetal MCP Concept laser Trumpf
Values
L1 5 5,60 |-0,60] 5,21 |-0,21 ] 5,27 |-0,17 | 5,40 | -0,40
W1 5 570 |-0,70 | 5,45 | -0,15| 5,28 | -0,28 | 5,42 | -0,42
T1 1 1,80 |-0,80( 1,10 | -0,20| 1,27 |-0,27 | 1,40 | -0,40
11 30 29,80 | 0,20 | 30,12 | -0,12 | 29,96 | 0,04 | 30,17 | -0,17
L2 4 508 |-108]| 4,18 | -0,18 | 4,20 | -0,20 | 4,32 | -0,32
W2 4 485 |-085| 4,15 | -0,15| 4,20 | -0,20 | 4,30 | -0,30
T2 1 1,70 |-120| 0,60 |-0,20| 0,75 |-0,25] 0,85 | -0,35
12 20 20,40 | -0,40 | 20,20 | -0,20 | 20,01 | -0,01 | 20,01 | -0,01
L3 2 341 |-141] 2,08 |-008] 2,20 |-0,20]| 2,41 |-0,41
W3 2 3,60 |-160]| 2,05 |-0,05]| 2,20 |-0,20| 2,39 | -0,39
I3 10 10,40 | -0,40 | 10,14 | -0,14 | 10,01 | -0,01 | 10,20 | -0,20
L4 1 1,70 |-0,70 1,05 |-0,05| 1,23 |-0,23 | 1,35 | -0,35
W4 1 190 |-0,90) 1,04 |-0,04] 1,25 |-0,25] 1,27 |-0,27
14 5 550 |-050]| 4,98 | 0,02 | 494 | 0,06 | 5,12 | -0,12
L5 1 0,90 | -0,40| 0,60 |-0,20| 0,77 | -0,27
W5 1 0,78 | -0,28 | 0,55 |-0,05| 0,77 | -0,27
15 3 260 |-0,10| 2,62 |-0,12 | 2,56 | -0,06
Cylinders
Cylinders
7 DB
0,50 =
0,40 i
0,30 y
L D3
0,20 = -
.E 0,10 ] - l;r(c:):etal Cg_
g 000 & 2 eC t
2 oncept laser
QS 910 -—* L el .y Trumpf
-0,20
» 1
-0,30 D_1___ “ﬂ% —
040 & > \Kj
-0,50
Nominal values

Figure 34 Cylinders
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Nominal

values ProMetal MCP Concept laser Trumpf

D1 5 525 |-025( 510 | -0,20| 5,20 | -0,20 | 5,30 | -0,30

C1 1 1,3 |[-0,30| 1,35 |-0,a5] 1,30 |-0,30| 1,40 | -0,40

H1 30 29,81 0,19 | 30,01 | -0,01 | 30,04 | -0,04 | 29,89 | 0,11

D2 4 4,20 | -0,20 | 4,15 | -0,15 | 4,18 | -0,18 | 4,27 | -0,27

c2 0,5 08 |-03]( 060 |-010] 0,88 |-0,38] 0,90 |-0,40

H2 20 19,92 | 0,08 | 20,02 | -0,02 | 20,06 | -0,06 | 19,97 | 0,03

D3 2 204 |-004] 2,16 |-0,16 | 2,23 | -0,23
H3 10 10,01 | -0,01 ] 10,08 | -0,08 | 9,98 | 0,02
D4 1 128 |-0,28 1,02 |-002] 1,20 |-0,20 | 1,15 |-0,15
H4 5 4,92 | 0,08 | 508 |-0,08[ 499 | 0,01
D5 0,5 0,58 | -0,08 ] 0,70 | -0,20
H5 2,5 245 | 0,05 | 2,49 | 0,01

Angles

Figure 35 Angles

Nominal ProMetal MCP Concept

Values Laser Trumpf

Al 0 021 | -021f 0,16 |-016] 0,09 |-0,09] 0,21 |-0,21

A2 15 15,44 | -0,44 | 14,20 | 0,80 | 14,97 | 0,03 | 15,62 | -0,62

A3 30 |[30,31|-0,31]2990 | 0,10 | 29,97 | 0,03 [ 30,3 | -0,30

A4 45 45,51 |-0,51)4490 | 0,10 | 44,85 | 0,15 | 45,47 | -0,47

A5 60 |61,09 |-1,09 |59,60 | 0,40 [ 59,93 | 0,07 [ 59,87 | 0,13

A6 75 76,79 | -1,79 |1 74,80 | 0,20 | 74,93 | 0,07 | 74,95 | 0,05

A7 90 191,19 |-1,19|89,43 | 0,57 | 88,58 | 1,42 [ 89,73 | 0,27

22/31
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Angles
2,00
1,50
1,00
[ ]
g o - I
§ 000 L ‘ A - : : : c "
3 0eo B 6 % 45 60 75 90 onceptlaser
’ ® Trumpf
-1,00 -
N S
-1,50 -
*
-2,00
Nominal values
Thickness
Thickness
0,50
0,40
0,30
0,20
c 010 | - ¢ PROMETAL
.% [} B MCP
8 0,00
3 u CONCEPT LASER
£ -010 ﬂ Trumpf
-0,20 A 4
-0,30 4
-0,40 A *
-0,50 L 2
Nominal value
Nominal CONCEPT
values PROMETAL MCP LASER Trumpf
S1 2 2,06 | -0,06 | 1,96 | 0,04 2,05 | -0,05 | 2,11 | -0,11
S2 2 2,5 -0,50 |1 1,91 | 0,09 2,2 -0,20 | 2,32 | -0,32
S3 2 2,4 -0,40 2,2 -0,20 | 2,28 | -0,28 | 2,42 | -0,42
S4 2 2,5 -0,50 | 2,12 | -0,12 | 2,25 | -0,25 | 2,22 | -0,22
S5 2 2,4 -0,40 | 2,07 | -0,07 | 2,21 | -0,21 | 2,28 | -0,28
S6 2 2,3 -0,30 | 2,06 | -0,06 | 2,23 | -0,23 | 2,36 | -0,36
S7 2 225 1| -0,25 | 205 | -0,05 | 2,22 | -0,22 | 2,37 | -0,37

23/31
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Holes
Holes
0,50
0,40
0,30 : —* .
0,20 T »
c 010 | S a W A & Prometal
= ] + " m MCP
S 0,00 = M : ‘ ‘
g 010 i a " 10 Concept Laser
' Trumpf
-0,20
-0,30
-0,40
-0,50
Nominal Values
Holes Nominal ProMetal MCP Concept Trumpf
Values Laser
Bl 4 381|019 | 383 | 0,27 | 3,84 | 0,16 | 3,87 | 0,13
y B2 3 277 1 023 ] 291 | 009 | 2828 | 0,17 | 2,85 | 0,15
(top) B3 2 1,74 | 026 | 1,91 | 0,09 | 1,869 | 0,13 | 1,68 | 0,32
B4 1 0,76 | 0,24 [ 0,949 | 0,05 | 0,836 | 0,16
B5 0,5 0,498 | 0,00 0,4 0,10
R1 10 9,89 | 0,11 | 9,85 | 0,15 | 9,987 | 0,01 | 95 0,50
vz R2 4 388 | 0,12 | 393 | 0,07 | 3,81 | 0,19 | 3,61 | 0,39
(right) R3 3 296 | 0,04 | 2,73 | 0,27 | 2,76 | 024 | 2,66 | 0,34
R4 2 1,88 | 0,12 | 1,84 | 0,16 1,8 0,20 | 17 0,30
R5 1 0,98 | 0,02 { 0,83 | 0,27 | 0,81 | 0,19 | 0,67 | 0,33
El 10 9,71 | 0,29 9,8 0,20 [ 985 |0,15] 959 | 041
vz E2 4 367 | 0,33 | 3,88 | 0,12 | 3,76 | 0,24 | 3,71 | 0,29
(left) E3 3 284 1 016 | 301 |-001| 284 0,16 | 2,68 | 0,32
E4 2 1,79 | 0,21 | 1,81 | 0,19 1,82 10,18] 1,79 | 0,21
ES5 1 0,68 | 0,32 | 0,84 | 0,26 | 0,82 | 0,18 | 0,79 | 0,21
XZ F1 8 7,71 | 0,29 | 8,06 |-006| 7,81 | 0,19 | 7,76 | 0,24
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Scan accuracy results

ProMetal
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Concept Laser

Average and standard deviation
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ProMetal

MCP

Concept

Trumpf

Average Deviation

0,44

0,14

0,16

0,30

Standard Deviation

0,39

0,15

0,18

0,21
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4.3 Buildingtime

Building time was considered as the total amountnachine hours and secondary
operations but no finishing processes. Time requiceremove supports and part from
the building platform has not been considered.

Following values were provided by companies andehawt been checked by the
technicians of the project.

Building time

70

60 -
50
% 40 - @ Secondary operations
£ 30 — | @Machine time
. 20

10 - —

0 ‘ ‘ ‘
ProMetal MCP Concept  Trumpf
Laser
Companies

Figure 36 Building time
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4.4  Mechanical properties

Hardnesstest

Hardness Vickers test was made according to UNESEN6507-1/98
Equipment used was durometer: Wolper V-Testorcdn b= 8.2 HV 5

Tensletest

According to the standard ISO 6892, specimens wexpared from cutting some of the
book’s sheets of the part, with the following dirsems.

' 1 | 2 3 L 4 ‘
& Raviziors
Mo Zone  ttem . Dewriphion roen Mate
% - ——
2R .
—
g F
= s 0.01
é g . B
OF - -
aF 2
S -3 Rz 63
o= =
BE .
B B L8 B
=2 -
B H| L
) uwn

Rz 83
133 0 \i_ B L

= =
[ 1 Jomi]a]
. . 122 +02 (2 )
[_LToo1TA]
. 50 502 o
| NOTE: Lo= 113 MM -
i il - =
EEE DEPENTS ON LMT PROCESS Swe M p- 1o -
Eii E || Treatmant iomalting - ik Hn. sheeks 1 — = e £
£ hl 5 ||- st 0 z Y 2
L e B, Formut Ab | wen | Gonk | daweby

& Projection IS0-198 | Erigeer WEN-ISD-B715 gw—mm Hame Outa _ |Publiation date
=5 f@@-‘- _(_ﬁ i T 18/ | Do, RUFERS | 151028

E m pppr | C: == [ ARl P=—
Eg Telerorces in crasing I50-60% [Titlee

Onensiona without foleronoes BD-2768- nKk

Comigl 5076  HOMZ  [Theod BO-W5 EHEg | PM -
Dinensie in n Geomefrical ferances 150181 {5} % THD et || F
Institute of E | 003645
Industrial Technology = = b
: T
A : 2 3 . |

Figure 37 Tensile test piece drawing
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Steel Alloy
. . : . Material Data Material Data
Similar t.o Hardness Conversion to| Material data Tensle Sheet Tensile | Elongation at Sheet
Technology | Company | Alloy Name | commercial . Hardness Sheet strength .
alloy: (Vickers) (Rockwell C) | Hardness (MPa) strength Break Elongation at
' (MPa) Break
AlSI 316L
Laser Cusing | Concept Laser CL 20ES |Stainless Ste¢ 232,6 19,54 (HRC|) 20 (HRC) 648,76 650 30,52 25
/ DIN 1,4404
. AlSI 316L
Lajrel\(;ltgllgn MCP Stainless Steegl 2124 237 (Vickers) 626,82 627 20,84 24
9 / DIN 1,4404
Stainless stee AlSI 420
3D Printing ProMetal fainless stee 256,8 23,25 (HRC[)25-30 ( HRC 358,73 682 0,56 2,3
+ bronze
DIN 1.4021
Titanium Alloy
Similar to Material data Tensile GG Dgta : izt R
. Hardness Sheet Tensile | Elongation at Sheet
Technology | Company | Alloy Name | commercial . Sheet strength .
allov: (Vickers) Hardness (MPa) strength Break Elongation at
y: (MPa) Break
L aser . .
Forming Trumpf TiAl 6 V4 415,6 420 (Vickers)  1165,42 1080-1090 3,59 5,8-6,2
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5 Conclusions

Due to the complex design of the benchmark motiélas been very difficult to find
companies, which accepted this building challengberefore the effort of the
companies, which have accepted this job, is vepyeapated.

In this report has been checkegithat it is possible to build complex parts in skeds
steel and titanium, and advantages and limitatmfnthe technologies studied can be
extended to complex production parts.

Excepted the ProMetal benchmark model built by 3ibiRting technique, all models
required supports for building. These supportsctiines are very difficult to be
removed, especially in benchmark models built bynipf using Laserforming and
MCP (Selective Laser Melting technique). In thiseait is also difficult to remove the
MCP benchmark model from the platform. Concept tésmchmark model was built
in another orientation and the supports needed weneoved by provider. The
remaining supports can be machined without difficul

Dimensional accuracy was very good in MCP and Qointaser benchmark models
with the best average and standard deviation foPM@owever in this model, the Z-
bonus effect, which means that holes are not raludto layer construction at Z-axis,
and warpage is remarkable. There was also warpateiTrumpf model. All critical
geometries were positive built in MCP and Concegpsdr models, and some of them
were missing in Trumpf and ProMetal models.

Building time was considered as the total amountnachine hours and secondary
operations but no finishing processes. Time reduiberemove supports and parts from
the building platform has not been considered. ddug time values were provided by
companies and have not been checked by the teahsiof the project.

To determine mechanical properties, tensile andrtess test have been performed on
building materials. Tensile strength, elongatiord dmardness obtained have been
compared with material data sheets provided by emieg, reaching in most cases the
expected values.
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