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RESIN TRANSFER MOLDING (RTM)
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2.1 Vacuum-Assisted Resin Injection (VARI)
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2.3 Structural Reaction Injection Molding
Process (SRIM)
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2.4 High-Speed Resin Transfer Molding
(HSRTM)
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General question

Speciflc areas of concern

Mold

How many parts are required from the process in a

given time period? ... Primarily, tooling and pumping/dispensing
Secondarily, release, cleaners, resin

Is design life a consideration? ..........cc.cceoeeviniiniiiiciinnns Tooling, pumping/dispensing, cleaners, release agents

What are the dimensional requirements?............ccccccce.. Tooling, cleaners, release agents

What are the strength requirements?..............ccccceeeeenn. Tooling, cleaners, release agents

What are the surface finish requirements?........................ Tooling, cleaners, release agents, resin system, reinforcement
Part

What are the performance requirements of the part?........ Reinforcement resin system
Production

What are the shop environmental requirements?.............. Resin system, cleaners, release agents, tooling, pumping/dispensing

What are the capabilities of personnel?................cccoce. All

What are the cost objectives?.............ccoccvviiiiiiiiiiinn, All
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Tooling Characteristics Application

material

Metals Excellent machanical strength, chemical resistance. High volume, elevated temperature
dimensional stability, durability, surface finish: (50 to 600 “C or 120 to 1110 F)
difficult to handle because of weight:expensive to
machine:requires durable mold

Ceramics Excellent mechanical and chemical properties. Extremely high temperatures (over 1000 C or 1830 F
dimensional stability:problems with surface finish:
cracking:low themal conductivity; manufacnuring
to close tolerance specificasions.

Composites Easy to manufacture tolerance specifications: Low to intermediate temperatues (room

low density:low processing cost:excellent

mechanical and chemical properties:shorter life

temperature to 180 °C or 355 “F:low to
intermediate volume

cycle than metals:difficult to maintain surface finish
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Resin type Applications typical resin properties
Polyester........ccooecii Consumer products. tanks, pipes. Tensite strength of 3.4 to 90 MPa (0.5 to 13 ksi)
pressure vessels, automotive compressive strength of 90 to 210 MPa (13 to
structures 20 ksi) up to 120 C (250 °F) continuous use:low
viscosity tast reaction:can be catalyzed high
shrinkage
Vinylester...........ooe Consumer products, pipes, ducts. Tensile strength of 60 to 90 MPa (9-13 ksi;
stacks, automotive structures, elongation of 2-6%:up to 120 C (250 F
flooring, linings continuous use:low viscosity:fast reaction:can
be catalyzed:intermediate shrinkage
Polybutadienc.................... Resin modifiers, coating, Good chemical resistance:up to 120 C 250 F)
adhesives, potting compounds continuous use:high viscosity:fast reaction:can
be catalyzed:low moisture pick up
EPOXY oo Adhesives, tooling, electronics, Tensile strength of 55 to 130 MPa (8 to 19 ksi}
aerospace and automotive excellent chemical resistance up to 175 C (350 F)
structures continuous use;high viscosity:can be catalyzed
intermed:ate reaction:low shrinkage
Polyimide........oc.o. i Primary and decondary aerospace Tensile strength of 5510 120 MPa (18to 17 ksi;

structures in high-temperature
areas. electronics
Bismaleimide................... Similar to polyimide
Low-performance
thermoplastic......... Automotive panels, appliance
housings, gears, bearings.
fixures.consumer products
Engineering-grade
thermoplastic........... Automotive and aerospace
structures

315-C (600 “F) continuous use:high viscosity:can
be catalyzed:slow reaction:reaction by-product
microcracking

Similar to poly:mide except that continuous use
only up t 230 C (450 F) : no reaction oy product

Amorphous ot semicrystalline.high toughness:up to
120 “C (250 “F) continuous use:high processing
temperatures pressures:high viscosity

High toughness:up to 230 *C (450 C) continuous use:
high processing temperatures and pressures:high
viscosity : amorphous or semicrystalline
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Reinforcement
form

Advantages/disadvantages

Contintous strand
MLt Good formability, wash
resistance. high bulk
factor, high part fill-out,
uses glass fibers

Woven
roving/fabric........c.cc.cooeiiii High strength (biaxial). good
formability
Unidirectional
roving/fabric...........cccooiiii High strength (unidirectional).
high stiffness. good
formability
Chopped-strand mat.......................... Low formability, iow wash

resistance, iow cost, high
bulk factor, uses glass fibers
Preforms.......occoooiiiiiiii Highly complex forms
possible, little forms,
handling necessary. high
initial cost
Veils/surfacing mats.......................... Good surface quality. wear
resistance
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Hand
lay-up

Region of developing processes
(high-speed resin transfer molding)

Compression molding and
thermoplastic stamping

Size. complexity. and performance —

Number of parts —»
4 & ' i
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(?Ta?damn Owens-Corning Corp.)

OPEN MOLDING COMPRESSION MOLDING
SHEET
RESIN TRANSFER MOLDING
MOLDING SPRAY-UP HAND LAY-UP | COLD PRESS MOLDING MAT:PREFORM COMPOUND
Mold construction FRP . spray metal, =RP, spray metal. cast Metal. shear High grade
cast aluminum; gas- aluminum. pinch edge steel: shear
ket seal. air vents FRP {iand) edge
self-sealing injection
port
Pressure feed pumping Lows pressure press, Hydraulic press Hydraulic. as
equipment req'd; capable of 50 psi normal range high as
mold halves clamped (hydraulic or pneu of 100-500 psi 2.000 pst
Pressure {methods range from None matic mechanical):
clamp frame to pres resin dispensing
sure pod) equipment not req'd
but recommended
Heated. normai Heated
Cure system Room temperature range of 225 normal range
N ot 27
a5 F of 275-350 F
Resin compound- High shear type Not needed High shear type
ing equipment o
Reinforcement Continuous strand mat, Continuous Chopped Continuous strand mat. Continuous Continuous
preform. woven rov- roving strand preform. woven rov strand mat roving
ing mat. ing preform ispecitic
waven rov- woven roving orienta-
ing, cloth tions for
higher
strength)
Part thm equip- Yes With optimum shear edges. minor
ment- trimming onty
Generaily expected 3,000 1,000 150.000+ 150.000+
mold life (parts) l

PnseazBensununsudnluaisei 6 lneiSeufieu RTM funszuaunis SCM waz Injection Molding
20en19197 7 1W3suiieu RTM v Hand Lay-up

o
RA197°9N 6

=) =] as o ;
WSgueunuinARANISIBsUWUY SMC  uae Injection Molding

ﬁunumwﬁmaaﬂi:m%ms RTM LLFJﬂE]é]ﬂL‘ﬂ%i’]PJﬂZLﬁEJﬂi%LLﬁiﬁxﬂl’J%

Resin transfer Sheet molding Injection
molding compounds molding
Process operation
Production volume..... 5000-10 000 /Press 25 000/ Press 30 000/ Press
Fixed assets. Moderate High High
Labor........... High Moderate Moderate
Skill dependency. Considerable Very low Lowest
Operation............... e Movements. intersections Flowing, neat Flowing, neat
Inspectiorvcontrol
Raw materials.. Yes Compounds for degradation Compounds for degradation
Products Visual with attention Visual. easy Visua! easy
Finishing..............ocos Trim flash and so on Very little Very little
Product
Preform limit Yes Best
Big parts for low investment Big parts if flat Not very big parts
Good Very good Very good
Gel-coated Very good Very good
Occasional Extremely rare Least
Reproducibility..... Skill dependent Yes Yes
Cores/inserts Possible Not easy Possibie
Strength Moderate Best Very good
Material usage
Raw-material cost. ... Lowest Highest High
Handling/applying..... Skill dependent Easy Automatic feed

Inventory...
Precision
Waste.

Reinforcement

flexibility.............
Mold

Initiai cost.....

Cycle life
Handling.......
Preparation..
Maintenance.......

Raw matersis
Skill dependent
<3%

Skill dependent

Yes

Moderate
3000-4000 parts
With care
In-factory
In-factory

Dependent on number of types
Very good

Very low

Cuts reusable

No

Very high

Years

Metal

Special shop

Special machine shop/equipment

Dependent on number ot types
Automatic feed
Attention runner

Low

No

Very high

Years

Metal

Special shop

Special machine shop equipment

2M3875Lane Ta6 Lazus a
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Resin transfer

Product weight, kg (Ib.).....c...c.........
Production rate, pieces/month_.... ..

Direct laborers
Materials cost

ReSIN .o
Glass fibers .....cooooeo v
Others .....oooooiiiii
Subtotai ...

Depreciation cost

Mold ...

Equipment.

Subtotal ...t
SCrap oo

Manufacturing cost

Fuel cost ..o
Subtotal ...

Total v

molding Hand lay-up
..... . 30 (65) 33 (75)
....... +000 1000
14 30
...... . 28.4% 27.4%
......... 7 7% (a) 26.4%
......... (0.3% 2.7%
......... 56.4% 56.5%
........ 9.0% (b) 3.0% (C)
. 1.3% 0.7%
......... 10.8% 3.7%
......... 1.6% 0.0%
. 14.4% 39.6%
......... 0.0% 0.2%
........ 16.0% 39.8%
...... .. 83.2% 100.0%

(a) Including the cost of auxiliary materials fuel, manufacturing.
depreciation of preformer and preforming screen. (b) iite of the mold
is assumed to be 2000 pieces. (c) life of the mold is assumed to be

200 pieces.
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