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CONSOLIDATING A BUILD MATERIAL SUBSTRATE FOR ADDITIVE
MANUFACTURING

BACKGROUND
[8001]  Additive manufacturing machines produce 3D {three-dimensional)
objects by building up layers of material. Some additive manufacturing
machinas are commonly referred {0 as "3D printers” because they often use
inkjet or other printing technology (o apply some of the manufacturing materials.
30 printers and other additive manufacturing machines make it possible to
convert a CAD (compuler aided design) model or other digital representation of

an object directly into the physical object.

DRAWINGS
(6002} Figs. 1 and 2 are plan and seclion views, respectively, liustrating an
in-process structure for two objects being manufactured using one example of a
build material substrate.
[0003] Figs. 3 and 4 show one example of the finished objects from the in-
process structure illustrated in Figs. 1 and 2.
16004} Figs. § and 6 are plan views flustraling in-process structures for two
objects being manufactured using other examples of a build maierial substrate.
[80058] Fig. 7 is a flow diagram illustrating one example of an additive
manufacturing process.
[0008]  Figs. 8-12 are cross sections illustrating one example of an object
being manufactured with the process of Fig. 7.
18007} Fig. 13 is a flow diagram illustrating one example of consolidating
substrate material in the process shown in Fig. 7.
[6008] Fig. 14 is a flow diagram illusirating another example of consolidating
substrate build malerial in the process shown inin Fig. 7.
[0009]  Fig. 15 is a flow diagram iilustrating one example of solidifying build

material in the process shown in Fig. 7.
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(60107  Fig. 16 is a block diagram illustrating one example of a processor
readable madium with instructions 1o form a build material substrate during the
manufacture of a 3D object, using the process of Fig. 7 for example, such as
might be used with the additive manufacturing machine of Fig. 17 or with the
system of Fig. 18.

16011} Fig. 17 is a block diagram illustrating one example of an additive
manufacturing machine implementing a controller with instructions o form a
build material substrate, such as the one shown in Figs. 1 and 2, during
manufacture of a 3D object.

(6012} Fig. 18 is a block diagram illustrating one example of an additive
manufacturing system implementing a CAD computer program product with
instructions to form a build material substrate, such as the one shown in Figs. 1
and 2, during manufaciure of a 3D object.

[0013]  The same part numbers designate the same or similar paris

throughout the figures.

DESCRIPTION
[6014]  Additive manufacturing machines make a 3D object through the
solidification of one or more layers of a build material. Addilive manufacturing
machines make objects based on data in a 30 model of an object created, for
axample, with a CAD computer program product. The model data is processed
into slices each defining that part of a laver or layers of build material {o be
solidified.
16015} In some additive manufacturing processes thermal bonding is used {o
solidify a powdered build material. The powdersd build material substrate,
commonly referred to as a "powder bed”, may be heid al an elevated
temperature to limit differential shrinkage of the edge of the first slices (formed
in the first layers of build material) so that each shice stays fiat during
solidification. Heating the substraie increases power consumption and cost,
and can alter the characteristics of the powder sufficient 1o render otherwise
unused powder unfit for recycling back into the manufacituring process. Ina
thermal bonding process that uses nylon 12 powder for the build material, for

example, it may be necessary to heal the powder substrate to as high as 150°C
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{0 keep the edges of the object flal. Testing indicates that heating nyion 12
powder o iemperatures above about 120° may make the powder unfif for reuse.
[6018] A new process has been developed 1o help stabilize the powdered
build material substrate at a lower temperature. In one example of the new
process, powderaed builld maternal in the substrate is consolidated before
layering the object slices. The first layer of powdered build material is formed
on the subsirate. Build material in the first layer within a perimeler of the
consolidated volume of substrate is solidified in the desired pattern to form the
first slice of the object. The consolidated volume of substrate underlying the
powder in the slice pattern during solidification provides a more stable base
comparad {0 an unconsolidated substrate.

(801717  Substrate may be consolidated, for example, by heating build material
in the subsirate to a temperature at lsast as high as the boiling point of a liquid
binder butlower than a damaging temperalure, and then applying the liquid
binder to the heated volume of substrate. For example, a nylon 12 powdered
build material heated {o only about 100°C and treated with a latex ink for the
binder generates sufficient consoclidation of the treated powder for a more stable
base compared to unconsolidated nylon 12 powder. While the precise
stabilization mechanism in the powder is not known, the nylon 12 powder
axhibits more adhesion after waler evaporates from the ink compared o
untreated powder. The ireated powder is dry bui nol as fine grained as
untreated powder. The untreated nyion 12 powder is not damaged by the lower
temperature and, thus, may be recycled for reuse.

[8018] A processor readable medium with instructions for consolidating the
powdered build material substrate during an additive manufacturing process
may be implemented, for example, in a CAD computer program product, in an
objaect model processor, or in the controlier for the additive manufacturing
madchine.

(60191 As used in this document: a "binder” means a substance that
consolidates or heips consolidate a powderad build material; a "liguid binder”
means a binder in which the substance that consclidates or helps consclidate a
powdeared build material is Hquid and/or the substance is carriad in a liguid; a

“coalescing agent” means a substance that causes or helps cause a build
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material o coalesce or solidify or {o both coalesce and solidify; a "coalescence
modifier agent” means a substance that modifies the effect of a coalescing
agent; "consolidate™ means (o make stronger or more stable; "powder” means a
dry substance made up of very small pieces of something; and a "slice” means
one or more slices of a multi-slice object or the object itself for a single slice
object.

[00207 Figs. 1 and 2 are plan and sectlion views, respeciively, illustrating a
first object 10 and a second object 12 being manufactured using one example of
a consolidated substrate volume 14. The finished objects 10 and 12 are shown
in Figs. 3 and 4. In this exampile, first object 10 is a single slice star and second
object 12 is a three slice disc. Referring to Figs. 1 and 2, an in-process
structure 16 is supported on a platform or other support 18 in an additive
manufacturing machine (not shown). Structure 16 includes a substrate 20 of
build material on platform 18. Subsirate 20 includes an unconsolidated volume
22 of powdered build material and a consoclidated volume 14 of build material
formed from unconsolidated powdered builld material.

(8021}  Star 10 is formed on substrate 20 in a first laver 24 of powdered build
material that has been solidified in the shape of star 10. Disc 12 is formed on
substrate 20 in first, second and thirds layers 24, 26, 28 of powder build material
that have been successively solidified in the shape of disc 12. Any suitable
powdered build material may be used, including for example melals,
composites, ceramics, glass and polymers, and processed to make the desired
solid object which may be hard or soft, rigid or flexible, elastic or inelastic. The
finished parts 10, 12 shown in Figs. 3 and 4 are oblained by "uncaking” layers of
in-process structure 16 o separate the two objects 10, 12 from substrate 20 and
untreated build material in layers 24-28. While two very simple objects 10, 12
made with just a few layers of build material are shown {o lliustrate the use of &
consolidated substrate volume 14, a consolidated substrate volume may be
used for complex objects manufactured in a single layer or in multiple layers.
(60221 Consolidated volume 14 is formead in substrale 20 with a perimetar 29
that will surround the first few slices of the object or objects to be formed on
substrate 20. Although a rectangular consclidated volume 14 with a single

parimeter surrounding both objects 10 and 12 is shown, other configurations for
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consclidated volume 14 are possible. In the configuration shown in Fig. §, for
gxample, the perimeter 29 of each consolidated volumes 14 corresponds i the
shape of each object 10, 12. In the configuration shown in Fig. 6, for another
example, the perimeter 28 of each consolidated volume 14 surrocunds only the
adge of each object 10, 12.

[0023] Fig. 7 is a flow diagram illusirating one exampie of an additive
manufacturing process 100. Figs. 8-12 are cross sechions illustraling one
example of an object 30 {Fig. 10) being manufactured with process 100 of Fig.
7. Referring to Figs. 7-12, a substrate 20 of unconsolidated powdered build
material is formed at block 102 in Fig. 7, as shown in Fig. 8. Substrate 20 may
be formed on any suitable supporting structure such as a platform 18 shown in
Fig. 1, or on an underlying slice or object formed previously. in this example,
substrate 20 is formed with two layers of unconsclidated build material of equal
thickness, such as might be formed with the same dispensing device used o
form the subsequent slice layers. Other suitable configurations for substrate 20
are possible.

[6024] Powdered build material in substrate 20 is consolidated to form a
consolidated volume 14 as shown in Fig. 9 (block 104 in Fig. 7). Alayer 24 of
unconsolidated powdered build material is formed on substrate 20 as shown in
Fig. 10 {block 108 in Fig. 7) and then powdered build material in layer 24 within
a perimeter of consolidated substrate volume 14 is solidified in the desired
pattern to form an object slice 30, as shown in Fig. 11 {(block 108 in Fig. 7).
Slice 30 is separated from substrate 20, for example afler the objectis
completed (block 110 in Fig. 7). A single slice object 30 separating from
substrate 20 is shown in Fig. 12. While the exact stabilization mechanism is not
known, testing suggests that conscolidated substrate volume 14 under slice layer
24 provides a "restoring” force at the edge of the slice pattern {o help hold slice
30 flat during solidification, compared to a slice formed on unconsolidated
substrate.

[6025] Fig. 13 is a flow diagram illustrating one example of consolidating
substrate build material at block 104 in Fig. 7. Referring to Fig. 13,
unconsolidated powdered build material in substrate 20 is healed 0 a

temperature at least as high as the boiling point of a liquid binder but lower than
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a temperature damaging to the build material (block 112). Then the Hquid
binder is applied to a heated volume of substrate 20 (block 114). Inone
implementation for the process steps illustrated in Fig. 13, a nylon 12 powdered
build material is heated 0 about 100°C and treated with Hewlett-Packard
Company's HPB81 Latex Ink, for example by dispensing ink on to the build
material in the desired patiern with an inkjet printhead. The treated nylon 12
powder exhibits more adhesion after water evaporales from the ink compared to
untreated powder. The consolidated powder is dry but not as fine grained as
unconsoclidated powder, and may appear clumpy. The untreated nylon 12
powder is not damaged at temperatures below about 120°C and, thus, may be
recycled for reuse.

(6028} Fig. 14 is a flow diagram illustrating ancther example of consolidating
substrate build material at block 104 in Fig. 7. Referring to Fig. 14, a light-
curable liguid binder is applied to an unheated, unconsolidated powdered build
material in subsirate 20 (block 116) and then exposed to light to consolidate a
volurne of the subsirate where binder was applied to the build material (biock
118). In one implementation for the process steps illustrated in Fig. 14, a
polymer powdered build material al room temperature is reated with a UV
(ultraviolet} curable ink such as Hewlelt-Packard Company's HP HDR240 Scitex
UV Curable Ink, for example by dispensing ink on to the build material in the
desired pattern with an inkjet printhead, and then exposed o UV light fo cure
the ink and consolidate the polymer powder.

[6027]  Other suitable combinations of powdered build material, bindsr,
temperature and/or light are possible.

[6028] Fig. 15 is a flow diagram iilustrating one example of solidifying build
material to form the object slice at block 108 in Fig. 7. Referring to Fig. 15, 8
coalescing agent is selectively applied {o powdsred build material layer 26 in a
pattern corresponding to slice 30 {block 120). A coalescence maodifier agent is
selectively applied to layer 26 {o help define the desired shape and
characteristics of slice 30 (block 122). A cosalescence modifier agent modifies
the effect of the coalescing agent and may be dispensed, for example, along the
edge of the coalescence agent to help reduce the effects of lateral coalescence

blead and improve the definition of the sedges of the slice. In another example,
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a modifier agent is dispensed interspersed with the paltern of the coalescing
agent to change the material characteristics of the slice. The patlerned parts of
layer 26 are exposed to light to form slice 30 (block 124 in Fig. 15).

(80287  Suitable coalescing agents include pigments, dyes, polymers and
other substances that have significant light absorption. Carbon black ink and
light absorbing color inks commercially known as CMB0O7A, CEO3BA and
CEO42A available from Hewlett-Packard Company are suitable coalescing
agents with the appropriate light source,

(860307  Suitable coalescence modifier agents may separate individual
particles of the bulld material to prevent the particles from joining together and
sclidifying as part of the slice. Examples of this type of coalescence modifier
agent include colicidal, dye-based, and polymer-based inks, as weli as solid
particles that have an averagse size less than the averags size of particles of the
build material. The molecular mass of the coalescence modifier agent and its
surface tension should be such that it enables the agent to penetrate sufficiently
into the build material to achisve the desirad mechanical separation. In one
gxample, a sail solution may be used as a coalescence modifier agent. In cther
examples, inks commercially known as CM898A and CNE73A available from
Hewlett-Packard Company may be used as a coalescence modifier agent.
[0031]  Suitable coalescence modifier agents may act to modify the effects of
a coalescing agent by preveniing build material from reaching temperalures
above its melting point during heating. A fluid that exhibils a suitable cooling
gffect may be used as this type of coalescence modifier agent. For example,
when build material is treated with a cooling fluid, energy applied to the build
material may be absorbed evaporating the fluid 10 help prevent build malerial
from reaching its melting point. Thus, for example, a fluid with a high water
content may be a suitable coalescence modifier agent.

[0032]  Other types of coalescence modifier agent may be used. An example
of a coalescence modifier agent that may increase the degree of coalescence
may include, for example, a plasticizer. Ancther example of a coalescence
modifier agent that may increase the degree of coalescence may include a

surface tension modifier 10 increase the wettability of particles of build material.
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(60337 Fig. 16 is a block diagram illustrating a processor readable medium
32 with instructions 34 to consolidate build material in the substrate during the
manufacture of a 30 objecl. A processor readable medium 32 is any non-
fransitory tangible medium that can embody, contain, storg, or maintain
instructions for use by a processor. Frocessor readable media include, for
example, slectronic, magnetic, oplical, electromagnetic, or semiconductor
media. More specific examples of suitable processor readable media include a
hard drive, a random access memory {(RAM), a read-only memory (ROM),
memory cards and sticks and other portable storage devices.

[6034] Instructions 34 include instructions o consolidate powdered build
material in the substrate, shown at block 104 in Fig. 7. Instructions 34 may also
include other manufaciuring instructions, for example instructions to form,
solidify and separate shown at blocks 106, 108 and 110 in Fig. 7. Processor
readable medium 32 with instructions 34 may be implemented, for example, in a
CAD computer program product, in an object model processor, or in a controlier
for an additive manufacturing machine. Control data to consolidate powdered
build material in the substrate can be generated, for example, by processor
readable instructions on the source application, usually a CAD computer
program product, in an object model processor, or by processor readable
instructions on the addilive manufacturing machine.

[6035) Fig. 17 is a block diagram ilustrating one example of an additive
manufacturing machine 36 implementing a controlier 38 with instructions 34 to
consolidate a substrate volume during the manufaciure of a 3D object.

Referring to Fig. 17, machine 36 includes controller 38, a support 18, a build
material layering device 40, a binder dispenser 42, a coalescing agent
dispenser 44, a heater 46 and a light source 48. The in-process object structure
is supported on support 18 during manufacturing. In some machines 36,
support 18 may support the in-process structure during uncaking. Also, in some
machines 386, support 18 is movable at the urging of controller 38 o
compensate for the changing thickness of the in-process structure, for example
as layers of build material are added during manufacturing.

(80367  Build material layering device 40 layers build material on support 18

and on the in-process structures and may include, for example, a device ©
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dispense the build material and a blade or roller o distribute the build material
uniformiy o the desired thickness for each layer. Binder dispenser 42
dispenses binder selectively at the direction of controller 38 on to substrate build
material in a patlern that will surround the first slices of an obiect supporied on
the substrate during manufacturing. Coalescing agent dispenser 44 dispenses
coalescing agent selectively at the direction of controller 38 on to build material,
usually in a pattern corresponding to a slice. While any suitable dispenser may
be used to dispense the binder and coalescing agent, inkjet printheads are often
used in additive manufacturing machines because of the precision with which
they can dispense agents and their flexibility {o dispense different types and
formuiations of agents. Manufacturing machine 38 may include a heater 46 if it
is desired to heat the substrate. Manufacturing machine 36 includes a light
source 48 to apply light energy o solidify build material treated with coalescing
agent.

(60377  Coniroller 38 represents the processor (or multiple processors), the
associated memory {or multiple memories) and instructions, and the electronic
circultry and componenis needed to control the operalive elements of machine
36. In particular, controlier 38 includes a memory 50 having a processor
readable medium 32 with instructions 34 and a processor 52 1o read and
executs instructions 34. For example, controller 38 would receive control data
and other instructions from a CAD program to make an object (e.g., blocks 102,
106, 108 and 110 in Fig. 7) and execute local instructions 34 to consclidate part
of the substrate (e.¢., block 104 in Fig. 7) as part of the process of making the
ohiject.

(80387  Alternatively, consolidation instructions 34 may be embodied in a
processor readable madium 32 separate from controlier 38, for example as part
of a CAD computer program product shown in Fig. 18. Referring to Fig. 18, an
additive manufaciuring system 54 includes an additive manufacturing machine
36 operatively connected to a CAD computer program product 56 with the
instructions {o consolidate parts of the substrate during manufacture of the
ohject. In this sxampile, CAD program 56 includes processor readable medium
32 with instructions 34. Any suitable connection between machine 36 and CAD

program 56 may be used o communicate instructions and control data o
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machine 38 including, for example, a wired link, a wireless link, and a portable
connection such as a flash drive or compact disk. Also, in this example, additive
manufacturing machine 36 includes a coalescence modifier agent dispenser 58,
Inkjet printheads or another suitable dispenser 58 dispenses coalescence
maodifier agent selectively on {o build material at the direction of controller 38
executing instructions from CAD program 58.

(6039} Light source 48 applies light energy to build material formed on or
over the substrate 1o cause the solidification of portions of the build material
according to where coalescing agent has been delivered or has penetrated. In
some examples, light source 48 is an infra-red (IR} or near infra-red light source,
a halogen light source, or a light emitling diode. Light source 48 may be a single
light source or an array of mulliple light sources. In some examples, light
source 48 is configured o apply light energy in a substantially uniform manner
simultaneously o the whole surface of a layer of build material. In other
examples, light source 48 is configured {o apply energy 1o only a select areas of
the whole surface of a layer of build material. In these examples light source 48
may be moved or scanned across the layer of build material such that a
substantially egual amount of energy is applied o the selected areas or across
the whole surface of a layer of build material.

[0040]  The combination of build material, coalescing and coalescence
modifier agents, and light energy may be selected for an object slice so that {1}
build material with no coalescing agent does not coalesce when the energy is
applied, (2) build material with only coalescing agent solidifies when energy is
applied; or {3) build material with both agents undergo a modified degree of
coalescence between no coalescence and solidification with or without the
application of energy.

(60411 "A" and "an” used in the claims means ong or more.

[0042] The examples shown in the figures and described above illusirate but

do not lirnit the invention, which is defined in the following Claims.
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CLAIMS

What is claimed is:

1. A non-transitory processor readable medium having instructions
thergon that when executed cause an additive manufacturing machine {o consdlidate
powdered build material in a volume of a substrate of powdered build material {o

form a consolidated volume of substrate.

2. The medium of Claim 1, wherein the instructions o form a consdlidated
volume of substrate include insiructions to:

heat unconsolidated powdered build material in the subsirate to a temperature
at least as high as a bailing point of a liquid binder; and then

apply the liquid binder 1o a volume of heated substrate,

3. The medium of Claim 1, wherein the instructions o form a consclidated
volume of substrate include instructions to:

apply a light-curable liguid binder to an unheated, unconsolidated powdered
build material in the substrate; and then

expose the substrate to light where binder was applied to the build material.

4, The medium of Claim 1, wherein the instructions include insfructions to:
form a layer of unconsolidated powdered build matenial on the substrate; and
solidify powdered build malerial in the layer within a perimeter of the

consolidated volume of substrate to form a slice

8. The medium of Claim 4, wherein the instructions to solidify include
instructions {o:

dispense a coalescing agent on 1o powdered build material in the laverin a
patiern o form patterned build material; and

expose the patterned build material to light.

©. A computer program product that includes the processor readable

medium of Claim 1.
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7. An additive manufacturing machine controlier that includes the

procassor readable medium of Claim 1.

8. An additive manufacturing process, comprising:

forming a substrate of unconsclidated powdered build material;

consolidating powdered build material in a volume of the substrate to form a
consolidated dry volume of substrate;

forming a laver of powdered build material on the consolidated volume of
substrate; and

solidifying powderad build material in the layer o form a slice.

9. The process of Claim 8, wherein the consolidating includes:

heating dry powdered build material in the subsirate including the volume of
the subsirate to a temperature at least as high as a boiling point of a liguid binder;
and then

applying the liguid binder to the heated first volume of substrate.

10, The process of Claim §, wherein the consolidating includes:
applying a light-curable liquid binder to an unheated, unconsolidated
powdered build material in the substrale; and then

exposing the subsirate to light where binder was applied to the build material.

11.  The process of Claim 8, wherein the solidifying includes:
dispensing a coalescing agent on {o powderad build material in the layerin a
pattern to form patterned build material; and

applying light energy to the patterned build material,

12. The process of Claim 9, wherein the solidifying includes:
dispensing a coalescing agent on {0 powderad build material in the laverin a

first pattern to form first patterned buiid material;
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dispensing a coalescence modifier agent on o first patterned build material in
a second pattern o form second patternad build material; and then
applying light energy to the first pattemed build material and the second

patterned build material.

13.  The process of Claim 10, comprising separating the slice from the
substrate,

14, The process of Claim 8, wherein the consolidating inciudes:
applying a liguid binder to the volume of substrate; and

evaporating liquid from the volume.

15. The process of Claim 14, wherein the evaporating includes applying the
liquid binder o powdered build material in the substrale that has been heated to a

temperature at or above the boiling point of liquid in the binder.

168,  An additive manufacturing maching, comprising:
a first device to layer powderad build material;
a sacond devics to dispense a binder on 1o builld material;
a third device to dispense a coalescing agent on build material;
a heater to heat build material;
a light source to apply light energy to build material; and
a controlier to executs instructions to:
cause the first device to layer a substrate of build maierial;
cause the heater 10 heat build material in the substrate;
causea the sacond device 1o dispense a binder on 1o heated build
material in the substrate;
cause the first device o layer build material on the subsirale where the
binder has been dispensed;
cause the third device 1o dispense a coalescing agent on to the layer of

builld materigh and
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cause the light source to apply light energy o the layer of build material

where coalescing agent has been dispensed.

17.  The machine of Claim 16, comprising a fourth device {0 dispense a
coalescence agent modifier on to build material and wherein the controller is {o
execute instructions o cause the fourth device to dispense a coalescence modifier
agent on to the layer of build material where coalescing agent has been dispensed

before applying light energy to the laver.
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102 e

%

FORM A SUBSTRATE OF UNCONSOLIDATED
POWDERED BUILD MATERIAL

Y

104 ol

1

CONSOLIDATE POWDERED BUILD MATERIAL
IN THE SUBSTRATE TO FORM A VOLUME OF
CONSOLIDATED BUILD MATERIAL

'

(Lt s p——

|

FORM A LAYER OF UNCONSOLIDATED
POWDERED BUILD MATERIAL ON THE

SUBSTRATE
Y

108 s

]

SOLIDIFY POWDERED BUILD MATERIAL INTHE
LAYER WITHIN APERIMETER OF THE
CONSOLIDATED SUBSTRATE VOLUME INTHE
DESIRED PATTERN TO FORM AN OBJECT SLICE

Y

L] —

SEPARATE THE SLICE FROM THE SUBSTRATE

FIG.7
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104

HEAT UNCONSOLIDATED POWDERED BUILD
MATERIAL IN THE SUBSTRATE TO A TEMPERATURE
AT LEAST AS HIGH AS THE BOILING POINT OF A
LIQUID BINDER BUT LOWER THAN A TEMPERATURE
DAMAGING TO THE BUILD MATERIAL

Y

APPLY THE LIQUID BINDER TO A VOLUME OF THE
114 SUBSTRATE

112

FIG. 13

104

APPLY A LIGHT CURABLE LIQUID BINDERTO A
118 VOLUME OF UNHEATED, UNCONSOLIDATED
POWDERED BUILD MATERIAL IN THE SUBSTRATE

Y

EXPOSE THE SUBSTRATE TO LIGHT WHERE
118 BINDER IS APPLIED TO THE BUILD MATERIAL

FIG. 14
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108

APPLY A COALESCING AGENT SELECTIVELY TO
190 POWDERED BUILD MATERIAL INTHE LAYER IN A
PATTERN CORRESPONDING TO THE SLICE

Y

APPLY A COALESCENCE MODIFIER AGENT
SELECTIVELY TO THE LAYER TO HELP DEFINE
192 THE DESIRED SHAPE AND CHARACTERISTICS OF
THE SLICE

EXPOSE PATTERNED PARTS OF THE LAYER
124 TO LIGHT TO FORM THE SLICE

FIG. 15

- PROCESSOR READABLE MEDIUM

CONSOLIDATION
34 - INSTRUCTIONS

FIG. 16
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