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1.0 Introduction 3| &

Moist Heat Sterilization is a process that uses moist heat as the lethal agent to render liquid
and porous/hard goods items tree of viable microorganisms. There are two main types of
processes used in moist heat sterilization: saturated steam sterilization and air overpressure
sterilization. Saturated steam sterilization is used primarily for porous, hard goods loads, while
air overpressure is used for liquid loads.
BHRRARZ—FRAZRENRAFERFTREAA S I/ B S T EMAEHO T L, BHX
BRARMEZWIE: Wh XK AUARTAMRE (AT AMELESHT) XH. t6flRAXRAEE
AT %3LRMpetyRE, m=E AARE KA N R TRKT &

Sterilizers are used to sterilize many types of articles, including:
KEAFET AR KRGS ARG H B RE, Oi6:

* Porous/hard goods, e.g., equipment, tools, laboratory glassware, product components,
packaging, or devices
%L RA S, ik, THER. FRERBEm, SR, QEMHARS A
*  Product components that are not part of a porous or liquid load, e.g., vials and syringes
T T % LR 3, o RARAT R
*  Cleaning materials and product intermediates
T IE A S AR
*  Product in final container (terminal sterilization)
BERARZFHZ5 (RAKE &)
*  Heat labile media
WAL M £ 6y AL
*  Biological solutions and products, equipment, tools
AMBERRF 0, K& TER

Air over-pressure applications are used to minimize destruction or distortion of plastic
containers or syringes containing liquids.
FAAREG R HREA R TR RAH RREGGAE REBHE R TR EA

The primary objective of the task force was to develop a science-based technical report on
moist heat sterilizers that may be used in all regulatory environments and can be used by
organizations to develop their own program for equipment qualification. To this end,
prescription has been avoided, and region-specific regulatory expectations are not always
addressed. This report should be considered a guide and is not intended to establish
standards for sterilization systems. It is intended to be a single-source overview that
complements existing documents listed in the reference section. References to appropriate
and up-to-date scientific publications, international regulatory documents, journal articles,
technical papers and books are used where more detail and supportive data can be found.

AR TAEAE 2 2 BARARE —NAAFRBG X T ERREAEGIRE, INREER THA &
IS, LB ET KA THAER R TRE&EHMA. Ak, ©BREET A, 23X AR
BPARR—AF B, AMELEFEIRARAGTE, el CchRE—ANsdm. chEA—AF



ARG LR E, PP A LARBATAN . AXAE TH R RO ity BIREA, AEL
F.HARRLALE, ARELAEFLRY, TERLEMNfo L LR,

The task force was composed of European and North American industry professionals to
ensure the methods, terminology and practices of sterilization science presented reflect sound
science and can be used globally. This technical report was disseminated in draft for public
review and comment.

WA A O BAL £ F AR AR, AR RE A6 Tk, RiERBUER S 7 AL
FFEUFALHTTEANER . AHRIRE O FT LG O AE K N0 F Ao

1.1 Purpose/Scope B &/ B

This Technical Report addresses moist heat sterilizers intended for use in the pharmaceutical,
medical device and biotechnology industries. This technical report focuses on the design and
operation of moist heat sterilizers, from the development of User Requirements Specifications
(URS) through equipment qualification (Installation Qualification (IQ)/Operational Qualification
(OQ)) and culminating with ongoing maintenance requirements. The focus of this report does
not include Performance Qualification (PQ). The reader is directed to PDA Technical Report
No. 1: Validation of Moist Heat Sterilization Processes Cycle Design, Development,
Qualification and Ongoing Control for discussion of load cycle development and process
Performance Qualification. (1)

AHRMEFZTHH, B ZBRAEDHRITELARAGREAREIE. CHEEXERTHARE
gkt Azir B, AR FE KT (URS) 894 E 45, L &HIN (EHAIN, BITHIN)
FAR F Y B RKEL, RRE XA LERRAIN (PQ). A TEHEH/NMAHE —FTHAR
A (EARE T ZHERIE: RAAZFHET, TR AINARLDF EE) P XTRELFGT
RAe TEMEREAAINGG TR, (1)

This technical report addresses:
ARARMEZ BT T AL

*  Setting User Requirements and Specifications
R P ERKAEARIRRE
*  Design Qualification
&Il (DQ)
*  Equipment and Control System Design
KA R AEH R AT
*  Functional Requirements for the moist heat sterilizer and expectations for utilities
supporting the sterilizer
BHMRAEN DB R AR KA AR R %G EK
*  Equipment Operation, including calibration and maintenance
REEBAT, QLIERBERILEY
*  Equipment Qualification, which may include Factory Acceptance Testing (FAT), Site
Acceptance Testing (SAT), and commissioning
H&HIN, BAET) BAEK (FAT), %A P 3RO R R
*  On-going control requirements



B E kR
*  Cycle Development
LR K

This Technical Report will not address, and considers outside the scope of its content,
steam-in-place, which will be covered in a subsequent PDA technical report. Several aspects
described within this document may be useful for consideration when developing these types
of systems; however the content of the Technical Report has been prepared specifically for
moist heat sterilizers. A life-cycle approach is recommended for the specification, design,
testing and qualification of moist heat sterilizer systems, and the reader should consult
Technical Report No. 1 in this regard. (1)

AHAKRETRHEEAF BRI A R, AEAKE (SIP), XK s EZHMNBRE L
HARAMEF, SARZELZAN, AREMBARG—RFTBTRADTEE; Am, AHRRE
T OLAERARAE L EBUR A RE FRGARE LT AR A AR A e B ey 77 X,
ERX T E, A AE H T HARE (D

The sterilizer life cycle approach to validation activities (see Figure 1.1-1) should include a
Change Control Program and a Quality Risk Management (QRM) Program. A Change Control
Program would encompass the requirements for documenting and verifying all changes made
to the sterilizer that would affect its validated state. The QRM program would provide the
end-user with the tools required to make intelligent risk-based decisions with respect to the
design of the sterilizer, the sterilization process itself, and the operation of the sterilizer. QRM
may be used during qualification and validation to prioritize and develop test requirements and
acceptance criteria, and may also be used in conjunction with Change Control to determine
the appropriate requalification interval for the sterilizer. PDA Technical Report No.44: Quality
Risk Management for Aseptic Processes outlines an approach that can be adopted (2)

REAE £ B A9 EE 5 (LA 1.1-1) B 3T 24241 X AR 2 K% 2 (QRM) i X,
TREHAXNCHETRIFLET RAEMMEGTALR, mX LT R RAECRIENKS.
MRS EZ (QRM) HRILRAR PR T —/ANb R0 TE, AB A P iea5 st X 48 69150,
RALLAF AR KA BB ATHE A6 E T AL APk 2 . AFAINFIRIETET, REX
g2 (QRM) T A THRMAFT M X B KA TIELITE, LTUEET RN AR ERA
AR HHINEAI, EFHAD2FETOSTHRRE: LA TH R FIE BLE T —FFTH#
K Re Tk, (2)

Points to consider for equipment qualification activities are provided in this report. However,
when to conduct these activities and the personnel who will perform them is determined by the
user. Activity overlap or gaps should be avoided where possible. Personnel performing these
activities should have the suitable skills and qualifications commensurate to their assigned
responsibilities.

AREFHEAET REANETHEFT BRI, A, i, HIERTARXLES, S0 AP H <,
TREYE, NBRXRENNELRMT . AEILEAGAR LA E Y QAT R, LBIT
HeATT G BR T o



Figure 1.1-1 Validation Life-Cycle Activities
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2.0 Glossary of Terms Ki&

Current FDA. ICH. ISO and other regulatory definitions are used except when more clarity is
added by the Task Force. In some instances two definitions used in current guidances are
provided where both are considered applicable. Regulatory guidelines offer other definitions
that may be considered.

MR T AR B AF A AR IR A0 R B, KIRER AT B AT FDA, ICH. I1SO Aot € kAL F &9
Lo ALFLT, RELATIA PRGN, INAIAMFYER . LT F 8 HARME
H2 = Lo

Variations in the usage of some terms may differ from company to company, and some may be
subject to change in the future. However, the terms used must be clearly defined and well
understood within the company and clearly defined in internal Standard Operating Procedures
(SOPs), standards, and in regulatory filings. For the purposes of this technical report, the
following definitions are used.

EREBORAL, TRLLZFALEEZR, AREXERRTRZETNR, Ah, AbLAHR,
LT RIERHZ L FF A R— R, HAERIFOITERENAAZ (SOP). Rk AR K4 K E M
A AP R ARG L. ARRBREKLBEGRELT

Acceptance Criteria TT# %474

The pre-defined specifications, standards or ranges that must be met under stated test
conditions.

ARG T L AR R ER, RERTEA.

Air Detector & R &% %

An instrument that may be fitted to a saturated steam sterilizer that detects the presence of
gas other than steam in the chamber.

TZETIAZARAZLAUAEMNRAZEETZA (FAKAR) WS,

Air Overpressure (AOP) Sterilization Process % X482 & X HAL
A moist heat sterilization process that operates at a controlled pressure greater than saturated
steam pressure and typically uses compressed air to bring the chamber to the desired

pressure.
AKX TIFRKARGEREN TETHEARAALS, BFAEHEZ AUEKABRE LINEY
JE 7)o

Air Removal Test # A £% X%

Atest used to evaluate air removal and steam penetration in an empty sterilizer that is used for
porous/hard goods load sterilization (e.g., Bowie-Dick Test, DART™, Lantor Cube, Browns’
Test).

AT ikt RE B2 BEMTZ LER AR AT &6 — X3 (#4e, Bowie-Dick M #X 3, DART™,
Lantor Cube, Browns M|iXi%), WEAREAERN T 5L/ B m L ERO KA.

Calibration & #%&



The demonstration that an instrument or device produces results within specified limits when
compared to those produced by a reference standard or a standard that traceable to national
or international standards, over an appropriate range of measurements (calibration range).
BELHEEEE (BUETEH) AR, KA S5EXARESRTHREER N REIRORERITIVE,
VAGEI — AL SR RIXE TR ERF SR EATRGES,

Calibration Tolerance & &2 £

In metrology, the maximum permissible range around a specified value that applies to a
properly functioning measuring instrument. [Synonym: calibration uncertainty, error]
EitEFY, ELGHRBEMNXBNEALSZARARALFHR LR, [ BERE, RE]

Chamber &%

The primary component of a sterilizer, contains the items to be sterilized. The chamber is a
pressure rated vessel.

RKABRMUKERRA D B T RARING RABEER—NARCENGES,

Chamber Leak Test & E #& ik M) iX,

A test conducted to evaluate possible air infiltration to the chamber under vacuum. [Synonym:
Vacuum Leak test, Air Leak Test]

—IE AL T FHETEATRANEZGNK. [FLF: AZ2EKRKE, A5 RKER]

Commissioning #AiX

A prescribed number of activities designed to take equipment and systems from a static,
substantially complete state to an operable state. (3)

ZigHE R & A R AN DR R TR FF L RERA—ANTBATREEH—Z 7 EHh, (3)

Computerized System # HiLtd & 4

Collective application software, data and hardware platform that provides functionality, control
and data to a user or other system.

HE R P RECEARBEAR., EH IR0 R M. JBERRGFE O ERE R

Control Valve # %/ &

A device that modulates the flow of fluid (e.g. gas, steam, water) in a conduit in response to a
signal from a process measurement control system. (4)

— Aol g TEMRIEH R AMKAGZ T, AORATFETRE QeAk, KA, K) BEE. (4

Discrete Valve 3 %] % &
A device designed for on/off operation; fully opened or fully closed.
— AR R TFEFRBHXAGEE: ALTFReX MRS,

Proportional Control Valve kb &

A device that is designed for precise positioning and continuous movement, typically in
response to a varying analog signal. [Synonym: Modulating Valve]
—ANEEF R TR —ANTEERMES, THALAZFTELBANTORE, [RL#E: A



1]

Cool-Down Phase 4-#H-£&

The phase of a sterilization cycle that occurs after completion of the exposure phase.
[Synonym: post-conditioning phase, slow exhaust phase, drying phase, equalization phase]
WRABAMFRAMNBEERE OGN B, [AX3E: RABOWE, ZRHEANE, FHRN&, F
B8]

Cycle Phases #& 5 B &

A discreet series of sterilizer process steps (such as, heat-up, exposure and cool down)
performed sequentially that represent a complete sterilization cycle. [Synonym: Cycle Steps]
KEAERATAZFTIRAZARRERE B RGO EAN T H Gl XBAFAE), [FIXE: 255
%]

Decommissioning i& &
A planned and orderly removal of a facility, operation or system from use.
Fr—NRANE & R R Rt R AL AR B AR R AR

Design Qualification (DQ)& i+ #ik

Documented verification that the proposed design of the facilities, equipment, or system is
suitable for the intended purpose. (5)

FRINFT AR, &R FRER T B HFA LAl KRG —F ] EF)

Dryness Fraction &R#&F &

An absolute measure of actual latent heat of a sample of steam relative to the theoretical latent
heat of saturated steam.

—ANERAM T, FRERERAEHRZL (EHEZ).

Dryness Value F g4

A dimensionless quantity, derived to approximate the Dryness Fraction that is a measure of the
amount of liquid-phase water carried by steam.

AMEATEELRZLR KRG EAE, © LKA IRAKEZ N,

Eductor " 4%
A device that produces vacuum by means of the Venturi effect. [Syn.: Aspirator, ejector pump]
—MRAL LT ERXTRKRFALTHEE, [FLE: MK, H45]

Electronic Record & -Fit %k

A record used for GMP purposes or for regulatory submission that is stored electronically for
the purposes of reproduction, retrieval or archival.

— AT GMP B &) Ri&EZEAREMM AL T F X HFTHE IS, KRR E,

Equilibration Time F#& &8
The period that elapses between the attainment of the minimum exposure temperature at the



reference measurement point (typically the drain) and the attainment of the sterilization
temperature at all points within the load.

AR IES MK & GEFAHK D) AR RKRABREIW, EREHTAME LA KE
W E IR P W A

Exposure Phase X &R EH &

The phase of the sterilization cycle in which the appropriate parameters are maintained within
defined ranges for the time (exposure time or dwell period) and temperature determined to be
necessary to achieve the desired lethality. [Synonym: dwell period]

FAKARIAF, BRI A RBCR, RFRE KB B L0 (BRIE ) AR B .
[R5 FRig#A]

F-Value (lethality Factor)F {&(# X B %)

A measurement of sterilization effectiveness. F 1., z) is the calculated equivalent lethality
(using a specified z value), in terms of minutes at a reference temperature (T,e), delivered by a
sterilization cycle to an item.

FRAZXGEZE Frrer, 7y RAAR ZET, — M RERFKT —H KA & A5 RIEE
T'CTF 9% 2 KHE B A,

Fonysical

A term used to describe the delivered lethality calculated based on the physical
parameters of the cycle. The Fnysica-value is the integration of the integration of lethal rate
(L) over time. The lethal rate is calculated for a reference temperature (T,) and z-value
using the equation: L =10 """

FEMELSYOTE, AUHERABINRTERARNORE. CREAREE L st a4
Mhio % ZMAAKREBEN T, REELAMK: =100V 31 4,

Fo

A term used when the specific reference conditions of T, = 121.1°C and z=10C are
used to calculate the equivalent lethality. For example, when the z-value of the Bl is 10°C
a cycle with an For F=121¢,z-10¢), €qual to 8 minutes is equivalent (in terms of delivered
lethality) to a square wave cycle of 8 minutes at 121.1°C. A square wave cycle that

provided an exposure of 25.9 minutes at 116°C would also yield an Fo of 8 minutes.

FO & (Ar/BEREETE] ), RAGABIRE Tref=121.1°C, Z 3 10°C o3+ H 49 5 2 R o 1],
15']'!1‘3, e i#h;}gﬁ—‘ﬁ'] 1 z B 10C, F (T=121.1C, 7z=10C) BT =& 8 /7]\/5“"@/]*;}?, x FO A 8, 5
—/N116°CRHE 25.9 54 7 1 R A M A F 20, FO¥ A 8 4.

EE: ARIEBE 121.1°CHAES%F LM 250°F, ARt E, A EHRA 121C.

Factory Acceptance Test (FAT)I) Zl @)+,

A test typically conducted by the sterilizer manufacturer after the system has been assembled
and before the system is shipped to the installation site.

F R R BUI o R AR 00 BT8R b R 4B #)1& ) BEAT 69K,



Good Engineering Practices (GEP) R %7 TA2 & M. 7E

Documented proven and accepted engineering methods and practices that are applied
throughout the project life-cycle to deliver solutions that are cost effective, are compliant with
regulations and meet the requirements of the user.

BEHANTE A B A IR, ARBEG ., FEEARRKARN P& KRGS X T E0AR
89 A AFIE I 69 2N 89 38T T R A 5 K

Gravity Displacement Process £/ E 82

A sterilization based on the principle that air within the chamber is cooler and heavier than
steam, and will sink to the bottom of the chamber.

PAAZ A S NIE B R KA E il R REMEFTHRAL L.

Heat Transfer 4% #

Energy that is transferred as a result of a temperature difference between an object and its
surroundings.

ANk 5 LR Z 8] EIR £ TR R B A,

Heat Penetration # % %

Heat penetration testing uses temperature measurement obtained inside a load item to
evaluate the amount of energy has been transferred to the materials that are to be sterilized.
AN A e R A ok At = o SEAT 89 R EMIR KT,

Heat-Up Phase = #¥- & /4B W&
The phase of the sterilization cycle that occurs prior to the exposure phase.
F 48 KA ALk 3] R BB A AT — NI Bo

Installation Qualification =¥ &k (IQ)

Documented verification that the equipment or systems, as installed or modified, comply with
the approved design, the manufacturer’s recommendations. and/or user requirements. (5)
it HNCRERKLEN R ARREFSEMEN T, BEHOEXR/RAPFERGH
TAHIE G948 K EF) o

Leak Rate it i#& %
A measured quantity of air that enters the sterilizer chamber during a specified lime.
B — ARG R, MFEARFEREETZLGE.

Liquid Load #&4#k % #

Aload consisting of containers of aqueous solutions. The sterilization of the combiner contend
is achieved through transfer of energy through the container into the aqueous liquid.
HBHEBAREBSERNER, RTEIBEELHR, AFERLFRHRHA.

Load Zone (&KX
Area within the sterilization chamber where materials to be sterilized may be placed.
1R E N TREARE Y 00 Ko



Maximum Load & kK & #
The maximum quantity or mass of items permitted in a sterilizer load.
—ARAEAALFNRKREREZ.

Minimum Load & > ¥,

The minimum guantity or mass of items permitted d in a sterilizer load. The minimum load may
consist of item(s) that are the greatest heat-up and/or air removal challenge.
—ARAEAALFORDERZ. ROEEATROEEIGRZ A (RKIEBEHL) 9P .

Moist Heat 2 #
Steam, steam-air mixtures, and superheated water used for sterilization.
FATRAGEKA KA-TARSMARLIHK,

Moist Heat Sterilizer 8 # X B 4E

Equipment (e.g., a pressure-rated vessel and associated controls) used to achieve sterilization
through time, temperature and pressure. [Synonym: Autoclave, Steam Sterilizer]

BARE, BEAFEHEREARE GRS (GeFaXEdEr5E), [ALHE: 5EXKES,
AR KA E]

Non-condensable Gases 7 #& M A 4k

Air and other gas that will not condense to liquid state, thereby not releasing latent heat under
the conditions of sterilization.

FIERBFMT AL E, RILRRHERH MG T e L4 T AK,

Operating Parameters &7 54

Controlled and/or measured values (e.g., time, temperature, pressure) that collectively define
each phase of a sterilization cycle (e.g. heat-up. exposure, and cool down). [Synonym:
process parameter]

RARZXFE—ANARANE Gudedt, KEFob2p) LF ZA0 D E Aol X 69 540 (Gobd o), B
Fa k7)o [RE LT 5HK]

Critical Parameters ¥4 £ %
Values that arc controlled and/or measured and arc linked to safety and efficacy of a

product.
FEREH AR ELE F Rt bR MRS, XRESARTORKN, KA~
BT o

Key Parameters & %44

Values that are controlled and/or measured and are used to assure the on-going "stale of
control of sterilization runs.

T A2 Fer X ABRAE R B A 3R I F IEAT 0 54

Operational Qualification &7 44k (0OQ)



A documented demonstration that equipment, facilities and operations function as specified in
the design qualification.

Documented verification that the equipment or systems, as installed or modified, perform as
intended throughout the anticipated operating ranges. (S)

IEBR A& RAE BAEAT A AR A A PTALIE B9 B K FF A LA AL R EH

IERA TS E R EM LS. RAEBEANSITHCE ARG SR E KA LHRILTNEF. (B)

Performance Qualification # 8 #ik (PQ)

Documented verification that the equipment and ancillary systems, as connected together, can
perform effectively and reproducibly based on the approved process method and
specifications. (5) [Synonym: Process Performance Qualification]

TE — AL EBEIFA RS R R AR EG TERBRE KA HHF TR BT LR A
Feit T@gAA KX EF . (B) [RIX73: T LM HIN]

Piping and Instrumentation Diagram (P&ID)%& #H N & KA B

A schematic diagram that shows the relational arrangement of piping, components,
instruments, and equipment connections of the system. It also illustrates the control and
functional relationship.

HBETRAAREEE, FH., M. REABEXRAFARPHAES A me &R,

Porous/Hard Goods Loads (P/HG) % JL/%A % #,

A porous/hard goods load consists of items in which the bioburden is inactivated through direct
contact with saturated steam. Porous/hard goods load items include: items likely to contain air
like: filters, stopper's, tubing (hoses), garments, cleaning equipment, or machine change

FAALERARALZERAARL T REDOM KA ®, ZILIBREROLIE: RTiRE
HRAMNEER: LER. RE, HE, £, TR, FES AL R RIRE,

Pre-vacuum Process #W A #4254

A sterilization process in which air is removed from the chamber using a vacuum pump or
other mechanical system before the exposure phase begins. This method is particularly suited
to load items that can trap such tubing, filters and filling machine assemblies.
NEERNAEZRRALCHRARLERZ AT FERAYRKAAL T ELLERN T LF
AWM, i, TR BAE R AGG IR,

Programmable Logic Controller (PLC)TT &AZFZH 4 B

A digital electronic apparatus with a programmable memory tor scoring instructions to
implement specific functions, such as logic, sequencing, timing, counting and arithmetic, to
control machines and processes.

B ARFNFTTREGHBBSOCEEE, REEMAZIMNES, AT IH, 5. 20,
it ke B I FRAE

Proportional, Integral, Derivative (PID)tf]-#r o~ 5341, R AR PID =4
Control action in which the output is proportional to a linear combination of the input, the time



integral of input, and the time rate-of-change of input. (6)
W B TR, A ONARG B A B AN AL B R AR R X A AR AT A . (6)

Quality System RE %%

Formalized business practices that define management responsibilities for organizational
structure, processes, procedures, and resources needed to fulfill produce/service
requirements, customer satisfaction, and continual improvement (7)

ABEXZZT X, CHEHLTRIMEER, ILEREBESAFEAGFRLMNM, T
2, BERFTRGEEETHE. (7)

Resistance Temperature Detector(s) (RTDs) % fLig B # 0 &

Resistance temperature detector are temperature sensors in which the electrical increases
with the element increases with increases in temperature. This electrical resistance is then
translated into a temperature value (expressed as a resistance versus temperature curve).
WIER AR B R MR K, AP AL AR R B mE A, (G 4R IR R &8 T K
AR E FAL,

Site Acceptance Testing #L3% ¥l iX B
The SAT is a series of tests that are performed as part of commissioning after the unit has
been installed in the final location.

TR & AR L e TR AR F RIS — F 7K.

Saturated Steam 4af= K i%,

Steam that is at a temperature and pressure chat corresponds to the vaporization curve of
water. It is in a state of equilibrium between being a liquid and a gas with no entrained liquid
water. [Synonym: Dry Saturated Steam]

PR TREARK GBI B EES) BB KRR CRAKRATIRETREK, & TARRFAHRENE
Ao [BIX3]: THA KA

Steam & &
Plant Steam & & &%
Steam of undefined chemical or biological quality produced from a boiler, usually
containing boiler additives, without further treatment. [Synonym: Factory Steam, House
Steam. Industrial Steam]
WA AT B AR R e T — R AR F R AL FRE R RKGEA. [FIX
@ KA, RAKA, TLKA]

Process Steam L# &%

Process steam is similar to plant steam, except the steam is generated using a controlled
feed water source to which no volatile additives (amines or hydrazines) have been
introduced. Process steam may be appropriate for moist heat sterilization of liquid loads
where the containers filled and sealed prior to sterilization.

IZLARASILRAMEMN, TRERETIERARATIEGKE T LIERHELY
M) TELEHATERNTEREINERKZHGERREA.



Pure Steam # & A/FFRA

Collected condensate that complies with the Compendial requirements tor Water for
Injection (WFI). (Synonym: Clean Steam)
HARKESERBE SEHMA (WF) & L05% A [FiERA

Steam-Air Mixture process (SAM) &K i%-% LiRA AR REHLF

A sterilization process typically used tor liquid loads in which the heating medium used to heat
the load is in a mixture of air and steam. This addition of air results in an air overpressure
condition.

— MUK AFE A RSV A BN KA, CiBF A TREARA . INE AR RER
= AR KA,

Sterilization X#
A process used co reader an item free of viable organisms with a specified probability.
R AE—AF R R BT M AEM G EREN T LI,

Sterilization Cycle X & & %3

A sequence of defined operating parameters (e.g., time, temperature and pressure) and
conditions required to render an item sterile.

I ERRA LA — R PNBIT 5 (Bldebb i, BE. EH) FEHPTARGES.

Sterilization Run X #3i& 47
The execution of a sterilization cycle.
Fa AT KA B

Temperature & &
Temperature is the measure of thermal energy.
B AN EE,

Temperature Distribution #47
Temperature measurement of the heating medium across the chamber load zone.
43 s B P AN R X e AN R A9 K,

Temperature Probe/Sensor BB #KL/MER B

A generic term used to describe any type of temperature measuring device that works through
contact with the material or atmosphere to be measured. [Synonym: Load Probe, heat
penetration probe, temperature distribution probe, drain probe]

— AR — B L SRR KRB REEETEOBBRE, [RXE: BRHRIK K, AF
FERK, BES MK, H 2 IRK]

Terminal Sterilization &% X &
A process whereby produce is sterilized within its sterile barrier system. (8)
AR EARHEHRAATORE. (8)



Validation &4

A documented program that provides a high degree of assurance that a specific process,
method, or system will consistently produce a result meeting predetermined acceptance
criteria. (5) The proof of validation is obtained through rational experimental design and the
evaluation of data, preferably beginning from the process development phase and continuing
through the commercial production phase.

—ANBEAS T SEMARIE ARG T D T h B R A4S e — MR RTINS RO LA AT RIE I 49
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Sterilizer Specification X & 48 #.4&3.9
Documents that define sterilizer system attributes and how they should be met.
P 0 1) i R AR R S0y B P B de T 57 LXK 20 B b A S

Design Specification (DS)i& ##L9A :

A set of specifications and information related to the installation features (including
equipment, hardware and software) of the system that will ensure the realization of the
user requirements. (Synonym Detailed Design Specification (DD5))

PRAESE IR Z R (B3R E. RAREM) TEG— %2R ERE &, [RX18: #miX
it 4 /#/DDS]

Functional Specification (FRS)Zh #£ 3.9 :

A description of functional attributes and operational characteristics of the system that will
ensure fulfillment of the user requirements. (Synonym; Functional Requirement
Specification, Functional Design Specification)

APER IR P& KM R AR BBATRHEG R, [F L8 A& Km0k, ikt
o]

A P& KB User Requirement Specification (URS):

A description of features and performance requirements of a system that will fulfill the
needs of the end user.

AFRHRERER P ERKmd—A R R4F 2RI R &Rk

Superheated Steam it # & &,

Steam whose temperature, at a given pressure, is higher than chat indicated by the
equilibration curve for the vaporization of water.

E—REAT, LEBESTRKEAKGEIHBTEEGKA

Superheated Water & #K

Water in a liquid phase at a temperature above 100°C requiring overpressure to maintain this
state.

£ 100°C A L& — R 71 F R EFIR &K,



Superheated Water Process i #KA2 5

A sterilization process in which the heating medium is superheated water that is continuously
circulated with air overpressure. This process requires air overpressure to keep the water in a
liquid state. [Synonyms: water cascade, water spray process, water immersion process, water
submersion process, raining water process, steam-air-water process]

BT AMELEST, ATRBAERGERKARENRORA L. R I EEETAARE, UMEH
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3.0 Sterilization Processes X & 342

Sterilizer design is primarily based upon the types of cycles the sterilizer is intended to perform.
Most moist heat sterilization cycles rely on direct contact with saturated steam, which is water
vapor in equilibrium with liquid water. Saturated steam can exist only along the phase
boundary; that is, the relationship between its temperature and pressure is fixed. (9) Saturated
steam is the most effective for the sterilization process.

KH BT AR ERARERARE B A6 R R, K 5 RS MR B ITARM A3 Ak 69 tofe 2004,
tofe K AR HREKRFFHOREA hKARRGAET (RERAS) AP RAL, &
AW, BEAENHXFZLE LN, 1of KA RETELRA KL,

Sterilization is accomplished by the heat transfer from the steam to the load and by the
hydrating effect of the resultant condensate that forms as a result of the change in state from
vapor to the lower energy liquid state. This phase change requires the transfer of the latent
heat of the steam (that heat which was required to change it from liquid to vapor 39.6
kJoule/mole at 121°C) to the surroundings, thus heating the sterilizer and its load.

PREELENR S VISR 2B & RV E RV R RLY - S AR SR (DR AR RS TN E SRR RS @
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3.1 Saturated Steam Processes afe&K 5425

Removal of air is a crucial element in the design of many sterilizers. An air-steam mixture will
have less latent heat than air-free steam at the same pressure, thus reducing the efficiency of
heat transfer from steam to the load. Vacuum air removal cycles are designed to remove air
out of the chamber and load more efficiently than gravity displacement cycles. However, all of
the air in the sterilizer may not be removed depending upon process capability. The sterilizer
load affects the quantity of air removed. For example, a load with items such as gowns, filters
and hoses will retain more air than a load lacking such items; however, it must be
demonstrated through the qualification effort that such low levels of air will not adversely affect
the sterilization cycle.

ERXREZREABRTER, TAERL—NXEOEE, AMARESNTEA-KANRESAARLR
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The heat transferred by the condensation of saturated steam is many times greater than that
which would be transferred from steam above its saturation point; a condition called
superheated steam. Sterilization with superheated steam is a dry-heat phenomenon, a
process that is less effective than a saturated steam process. A 1°C change in superheated
steam temperature has only 1.5 kJ/mole°C of energy. Whereas, saturated steam releases 39.6



kd/mole°C making it a more efficient process. Superheated steam is also referred to as “dry
steam,” as it does not form condensate immediately upon contact with a cold surface. Thus,
the important hydrating effect is not present when superheat is present. In order to maintain a
saturated steam condition, sudden pressure reductions should be avoided. (10) Superheat
may be avoided by maintaining steam in equilibrium with water at the steam generator. A
steam filled jacket around a sterilizer chamber may be used to reduce heat-up time and
increase chamber temperature uniformity, but the jacket should be controlled at or below the
chamber temperature during heat-up and exposure to avoid generation of superheated steam
in the chamber.

Yo fe R RGBT A BE B AERANEG Tiofe R0 R A (PRI RAA) HBREH L5, RIRE
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Condensation to water will cause a volume decrease in excess of 99% for saturated steam
cycles. (11) This would normally result in a substantial pressure decrease if the condensed
steam were not immediately replenished with additional steam to the sterilizer. It is this
condensation/replenishment cycle that allows the steam to rapidly heat the surface of load
items until they reach an effective sterilization temperature. Sterilizers and their corresponding
cycles are designed to ensure that the sterilizing medium reaches all of these surfaces.
x40 e 2K IANE IR R LA B KK F BURAUR G AR T 99%, R4 B 69 A UR A S Bp R ARG K
AR RBEZF, RBFTHFFEANAERABRGENE, IRAFR AR AR ERY R & H D
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When an aqueous liquid filled container is terminally sterilized, the sterilizing effect inside the
sealed container will result from the heating effect of steam and/or superheated water on the
outside of the container. The heat transferred from the external source will heat the internal
liquid and convert a portion of it to steam that will permeate the headspace of the container.
Conditions in the headspace will respond to this internally developed steam (air-steam mixture)
as well as the heating effect on the container exterior on the headspace. The
steam/superheated water in the sterilizer chamber is only significant as a source of energy to
the container exterior. Steam saturation is not a primary concern as long as heat transfer to the
container proceeds at the required rate.

LIERARKBERERERGEZSHRA KRB, F3HEE N REZCRIGALR T 5 5 I3 K A F/ K
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3.1.1 Gravity Displacement Process €/ E #£5



The gravity-displacement cycle is based on the principle that air within the chamber is cooler
and heavier than the steam and will sink to the bottom of the chamber. As the steam enters the
chamber, air is pushed out the bottom drain and exits (with the condensate) through an open
drain valve, and/or steam trap which is designed to effectively permit the passage of large
volumes of air. The success of the cycle in removing air depends on the correct operation of
the trap and the proper distribution of steam. Steam is injected into the sterilizer chamber
through a baffle or spreader bar (such as a perforated pipe). The rate of steam injection is
critical: steam must be added so that its natural buoyancy will carry it upward, forcing the
colder air down. If steam is added too rapidly, or not distributed properly, air pockets may be
trapped near the top of the load. If steam is added too slowly, the air can be heated, diffuse into
the steam, and become more difficult to remove.

FTHEBRAEFAETRABSERAZT LA ALAY LT 0K TIRERKSRGRIL B FTARAEN
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The effectiveness of air elimination from the chamber is determined by measuring the drain
line temperature since air and condensate gravitate to the bottom of the chamber. As air is
eliminated, it is first replaced by hot condensate and eventually by saturated steam. The
change in temperature, from that of the cooler air and condensate to that of the hotter steam,
causes the steam trap to close. As the cycle progresses, the sterilizer chamber gradually
reaches the pressure coinciding with the desired temperature set-point.

MR LR A 09 A 2B M HEK A LB EHATH R, BA T A Ah B KT B IR,
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A variance of the gravity displacement cycle is a gravity/forced air removal cycle. Forced air
removal ensures removal of air from the chamber and is faster, more reliable and more
efficient than gravity air removal methods. It is designed to remove air from the chamber for
liquid loads in vented or non-vented containers by introducing steam to force the air out
through the drain line. A vacuum pump attached to the drain line is in simultaneous operation
to assist in removing the air from the system. Both the chamber pressure and temperature are
controlled during the phase.

—ANEHNERBFGTH (KE) R—ANETHREZAELRGBIN, REOZAELRART LK
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Since air removal through gravity or forced air displacement is less efficient for sterilization of
porous loads than other methods, use of these cycles is not recommended.

BT R ALREBEE A KRR T A E B S IR ARRE RSB A 77 B E B, B f R
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3.1.2 Pre-Vacuum Process #Ml A T4 5

In pre-vacuum process, air is evacuated from the chamber using a mechanical pump or steam
eductor before the sterilization portion of the cycle begins. This method is suited to load items
with internal volumes such as tubing, filters, wrapped packs, and fill assemblies. The steam
pulses serve to rapidly fill the voids created by the vacuum pulses, causing incremental
decreases in the amount of residual air. Large pressure differentials between the steam and
vacuum pulses increase the air removal. The number of pulses required should be determined
during cycle development. Alternating steam vacuum pulses are more effective for air removal
than a single deep vacuum and will ordinarily result in either shorter cycle times or less
residual air in the chamber. They allow the use of a smaller, less expensive vacuum pump.
Vacuum pulsing cycles are used most frequently in the pharmaceutical industry to sterilize
loads that contain items from which air removal can be difficult. The greater the differential
pressure between the steam pulse and vacuum levels, the greater the amount of air removal.
Examples of such load items include coiled hoses; filter cartridges and housings; densely
packed containers of stoppers and packages of clean room garments. Vacuum may displace
liquids in unclosed containers, hence its use should be risk evaluated.
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3.2 Air Overpressure Processes % X mEALF

Although air is generally considered a potential problem that reduces the efficiency of steam
sterilization processes, there are times when its presence is required. Liquid loads of
parenteral drugs are often terminally sterilized in sterilizers. In this case the major function of
the condensing steam is to provide rapid heat transfer to the wall of the product container,
which may be either rigid or flexible wall. In nearly all containers there is air (nitrogen or other
inert gases will behave similarly) in the headspace above the liquid. As the solution is heated,
this gas expands and adds to the pressure increase resulting from the evolution of water vapor
within the container. Thus, the pressure within the container will exceed the chamber pressure.
REZABFEMINA LA —ANRTERAARE TERAFHH LG, 2 &S AXARER
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Glass vials can be sealed with special closures to withstand this pressure. As long as the
pressure differential does not become too great during the steam exhaust portion of the cycle,



the vials will not break or burst. In those cases where rapid cooling of the load is desired, the

pressure differential might become significant enough to cause container breakage or loss of

closure integrity.
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Pre-filled syringes, plastic bags and semi-rigid containers present a greater problem. Because
they do not have the inherent strength of glass, they have a tendency to burst or open as the
pressure differential increases. To prevent this, air must be injected into the chamber to raise
the pressure to user defined levels, e.g., to prevent movement of a syringe plunger. This is
particularly important during the cooling cycle, when the chamber pressure is reduced at a rate
greater than that within the container. This is commonly referred to as “air overpressure”.
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The presence of air, although necessary, does reduce the heat transfer efficiency. Therefore
when an air overpressure cycle is used, it is necessary to maintain a well-mixed chamber
environment to assure that the heat transfer to the load will be uniform. Mixing may be
accomplished in several ways. There are two principal methods by which this is accomplished:
Steam Air Mixture Process and Superheated Water Process.
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3.2.1 Steam Air Mixture Process and Superheated Water Process R4 % A RAAKRILE
& IHAKLZE

It is important to understand the physical principle involved in a mixture of air and steam. The
relationship between temperature and pressure differs from that in the steam saturation table.
Mixing may be accomplished in several ways:

HRTAHRKARGNMIEREAIFETERN, REAKNGE N FB L Z A6 X R RF Tiafak
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*  Steam-air sterilizers may use fans or another means of continuously circulating and
mixing air and steam.

AA-ZATRARERG —MHHFLEB/AFH, REZAFEA.

*  Steam-water-air sterilizers use an external pump to circulate superheated water from the
floor of the chamber through a series of distribution nozzles located on the top or sides of
the sterilizer and thence over the load items. This “raining” effect serves to mix the air,
water and steam. When utilizing this process with a closed loop cooling design (i.e., a
heat exchanger is used to cool the recirculating water) the recirculating water that will be
used to cool the product is also sterilized during the exposure phase of the process.
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Both of these designs have an additional application in the cooling of terminally sterilized
products. Circulation of air or water through a heat exchanger serves to cool the containers
more rapidly thereby increasing sterilizer throughput. This rapid cooling may also be
necessary to enhance product stability. ix
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Immersion cycles may be used for sterilization of plastic containers. This type of sterilization
cycle is similar to a water spray sterilization cycle, except that instead of a spray of water, the
sterilizer chamber is filled with water. The pressure exerted upon the container from the
outside is the same as the pressure exerted within the container.
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3.3 Decontamination Processes #/L4 5

Sterilizers are also used for decontamination applications such as laboratory or manufacturing
waste prior to disposal. Sterilizer systems in these areas should be designed appropriately for
the Biosafety/ Category rating of the hazard that may be present in biological loads. The
equipment design must incorporate the required safety controls to contain hazardous
organisms and to prevent their release to the area outside of the sterilizer envelope. Biological
materials and the waste associated with them should be first assessed in terms of their
biological safety. These biosafety levels (BSL) are described in Table 3.3-1. K& % L4k Al T %
FH, Pl RRERE T RFELENFNL, XX LXIRREA R AL LA AR a2
ERF HEGGES R IFRRIITE ST, T LAOIELAG2LER, OIEAEMEHA
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Effluent decontamination sterilizers are designed to prevent potentially harmful organisms
from leaving the unit prior to sterilization. In a typical sterilizer, steam flow is from the top or
sides of the chamber and flows past the drain RTD (Resistance Temperature Detector)
through the drain bleed. With an effluent decontamination sterilizer, a method should be used
to prevent harmful organisms from escaping until sterilization is completed. Methods available
include the use of sterilizing grade filter, hold tank, or thermal decontamination. During the
exposure phase, steam is bled through the sterilizing grade filter past a controlling RTD to
ensure the filter is also sterilized during the cycle.
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Table 3.3-1 BioSafety Levels and Sterilizer Requirements £ 4% A& XEB LK

Biosafety/Category Level % Sterilizer Requirements (12,13) X # % &K
Wbl EFR
q No sterilization of waste is required
' TR R H &K
A sterilizer with a make-safe (effluent decontamination)
cycle must be readily accessible, normally in the same
2. building as the laboratory
A hast VRRAN) BARORARTHEAM, @F%5
REELER—EAHEL,
A sterilizer with a make-safe cycle should be preferably
3 situated within the laboratory, but one must be readily
accessible in the laboratory suite
ERBERAASRNLKRAS (FR2MBI), BLREFKRT
A double-ended sterilizer with interlocking doors with entry
in the laboratory and an exit in a clean area must be
4. provided
—ANERB BT EMEE, EFRE , EEFRX S
oL SRR

Figure 3.3.1 illustrates an example solution of the difference in the design of a sterilizer with
normal steam flow versus that for an effluent decontamination sterilizer. The steam is fed
through the drain line of the sterilizer and condensate is not drained until the end of the cycle.
This is to ensure all effluents are exposed to the sterilization conditions prior to discharge. The
filter configuration is a common effluent decontamination process. It should be noted that
alternative methods are available such as steam-air high pathogen process or pulling air and
effluent through an inline incinerator.
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Where a sterilizer is used to decontaminate hazardous waste, other considerations should
also be made (e.g., wall seals, drain connections, filters, and decontamination for maintenance)
and may be found in reference literature. Regional regulatory agencies should also be
consulted.
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Figure 3.3-1 Decontamination and Standard Steam Flow Cycle Comparison B 3.3.1 #4k
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3.4 GMP and Non-GMP Sterilizers/GMP #23f GMP X & %

The term “GMP sterilizer” has no official definition or specific requirements for pharmaceutical
manufacturing. However, it is commonly understood that a “GMP sterilizer” is a unit designed
for moist heat sterilization, and built in accordance with current pharmaceutical industry
sanitary design standards.

RIEBGMP XA R"AA B H & XKW Hh A = RNHER, Ad, FGMP XH& £l 7 2 iE
AR ABAREGEL, BFSYATH S T LT 4L % K,

“Non-GMP” sterilizers are generally used for sterilization of items not used for processing
product, product contact items, microbiological test items or items contacting primary product
packaging. These sterilizers may include some “GMP” features, but may not have the precise
control or recording of temperature and pressure that “GMP” sterilizers provide. Typical
features of both types are depicted in Table 3.4-1.

“ECGMP"RAZ—AAT FATIE s, & mikfhdnsh, MAEDNK A & KA i~ &
MBI KRB, XL RE B TAOE—LCMP A4, 2°Ti %A GMP XE S F %
A BRI SRR BRI TE, A AR BRI AR 3.4-1 Ed:



Table 3.4-1 GMP and Non-GMP Comparison Chart/ GMP #=3f GMP s}t %k

GMP NON-GMP
Typical applications include sterilization of | Typical applications include sterilization of
products wused in the testing or | products used for laboratory work (not

manufacturing of drug products, and
terminal sterilization of liquids in sealed
containers.

WA R OER TR R G AEF 6 7
RKE, W EHEFHER T RAT T RE

K%o

supporting a production area or product
testing) or sterilization of waste materials
prior to disposal.
BAGROERNTEREIF(RIBELEFR
BR T s MIK ) 69 75 Se by REA KR 4 4L AT K
Ho

Piping and chamber are designed to
accommodate clean utilities such as pure or
clean steam and process air. This includes
stainless steel clamped and welded designs,
proper slopes and deadlegs

ﬁik’ﬁ"ﬂf{ﬁ‘?ﬁibﬂ(?‘}' VA& /F] E R A o S 8Y
E¥E: 4amu&1 AR X 45 5 AR AR
FalFiEikt, £ LM ERLA

Piping and chamber are designed as
appropriate (e.g., copper piping) for the
sterilizer’s intended use.

Bl Ao IRk R S 69 AL A
it (Bl He 4R E ).

i %%

Materials of construction are compatible and
appropriate (e.g., non-particle generating)
with products and processes ensuring no
contamination (e.g., product or
environmental). May be supported by
certificates of inspection and traceability.
LM RESFRE (B, REEHE) 5
JE Sude TEVARBRR T e (Blde = 50 RIR3%),
T A A AR B B Ao 7T 16 M X

Materials of construction appropriate (e.g.,
ensure no adverse reaction with load items

to be sterilized) for the sterilizer’s intended
use.

A3 RE 3 AL B A A ey LA A R (49
o, HREAEHREANEBRMEIATRRER
K)o

Product contact utilities (e.g., water, steam,
air) supplied to the sterilizers are suitable for

Load contact utilities (e.g., water, steam, air)

its intended use and meet applicable | supplied to the sterilizer are suitable for its

Compendial expectations. | intended use.

RELRARZNE F o RRE (B | BARAESERDIZMOG KN ZE (Flhe
do, K, KA R EASTERIERAUAR | K, KA, =) £5ELAMER.

HEERGBRINZ,

Control and monitoring systems meets | Control and monitoring systems data

regional regulatory expectations for data
security and integrity

FFEx e ERGERPEER ARG S
H X EAAEZ

security and integrity meets internal
organization requirements
HFx e ERGER P EREERAGS

I iR

Temperature monitoring and control devices

(e.g. drain probes) are independent of one
another.
A f IR R E (FleHE R AR K) 48

Temperature monitoring and control may be
from a single device.

Boisfeiz sl TR A T—/NRE,




Bk,

Performance meets requirements and | Performance meets requirements and
specifications with Quality Unit oversight is | specifications. Quality Unit oversight may

expected. not be required.
eI FERE e e =D o o oy HRF SR KAk, REANITERTTRRE
%0

Aside from the designation of some sterilizers as “GMP” and other as “Non-GMP,” the
validation of steam sterilization can be accomplished in any steam sterilizer according to its
intended use and functional specification.

MR T 45 — L RE EAE A GMP”m 5 5h— A48 A GMP™sh, A AKH A9 IIE AL A AEAT A AR
B R N5 A AL R B 89 Fe o R LS T A



4.0 Comprehensive Sterilizer System Design X#A % £ 42| X
it

Design Qualification (DQ) provides documented verification that the proposed design is
suitable for the intended purpose and conforms to User, Functional, and Regulatory
Requirements.

Fot AN MRS AE, AP, e i ReKegH @it

The conduct of a formalized Design Qualification (DQ) for new facilities and systems is
becoming increasingly commonplace in the global healthcare industry. The execution of a DQ
for a steam sterilizer is certainly possible however as the design expertise ordinarily lies with
the sterilizer manufacturer, the benefits of a formalized DQ effort may be somewhat limited.
Aspects of design qualification that might be more useful would be a critical review of the
vendor’s design compared with user requirements.

T S A B Gty B XAR A IA A A SRR R b F SR H R A IO AT KA R AR I A IR
TATRY, B AT HAR — IR T RE S H1EH 69K -F, 247 E X80T # Il e91E A =T Re = A TR A%,
st F kAN, A MME R RBEE A P E KB S B ARt AT IR E

Design of a sterilizer system begins with the end use in mind and leads to the creation of a
User Requirement Specification (URS). It is the responsibility of the end user to define the
process outputs relevant to the intended operation of the sterilizer. Features and functions
deemed important by the end user should be specified. Any specification that may impact the
process output and therefore product quality should be approved by the Quality Unit. See
Appendix A for examples of design considerations that may be included in the URS.
KARBAZARORAAEARFERLMEALK, AHBAAFELR (URS). RERFATHEHAZS
RESBMEXG T EMmb . RFITRER PINA T 2094 A bk, T e ¥vh T Lk A
B Em RO E AR R ENIT6bE, 5 LMK AURS ¥ & &4 693t &7l

These specifications are used to develop a Functional Requirement Specification (FRS) that
outlines how the URS objectives may be achieved and is normally provided by the intended
vendors.

AR R AR E AT R (FRS), HEA4fTiAS] URS, % @48 74T,

Functional requirements may then be translated into a Detailed Design Specification (DDS)
which may be produced by a collaborative effort between vendor and customer. The detailed
design stage produces the document for construction bidding and contracting, system and
equipment purchase, fabrication, installation and testing. (14)

g Re s KTt —F 4R F @it R, FmR A ERTHHELE T 5E P £ R Tk Fmiith
BEHTRERBBATAEGR . ZAALERN., K. RN K1,

To illustrate the intent of each primary phase of Design Qualification, an analogous example is
presented in Table 4.0-1 below. Risk Analysis is presented here as a subset of the primary
requirements and not portrayed in the example.

AT F N E— AR B B8, & 4.0-1 75T —ANEMGHT. XEZREe)HIEN



AABRY Ay, B—0LEHTP.

Table 4.0-1 Design Qualification Example %3+ # A7)

User I must be able to drive in the rain while seeing the road clearly
Requirement | A LMABER T T &, FHAE LB
R E &

A mechanical wiping system will be implemented that does not cause

Functi : damage to the windshield and can accommodate differing weather related
unctional
. rain roads. An area of the windshield will be cleared providing adequate
Requirement

HEEKR

forward viewing.
FE—AMRMAE AL, REMARERIALIE, HRELTRARLRALT R
&, RRBIFFHRBBHHTRER, R\ G FM,

Manufacture a flexible carbon steel wiper blade, 20 inches in length, clad in
EPDM rubber and shaped to match the profile of the windshield. The blade
will be attached via a movable hinge to a carbon steel driver arm 24 inches
in length protected from the elements by powder coated paint and attached
to an oscillating motor of adjustable speed causing the arm and blade to
traverse across the windshield through a 180°arc. Contact between the

. rubber blade and the windshield must be maintained throughout the full
Detailed

Design
¥ mix

range of motion and a minimum effective clearance path of 80% of the
windshield area is required. The speed of the arc oscillation is controlled by
the driver within the vehicle at variable speed up to 1 cycle per second.
FE—NREGHEMAHE, K 20 £F, FE EPDM BRI, HKREH5EHK
IR H B ANE R . BE] KBS E kS RNIRE) T Ak, FHK 24 %
T, BRRERY, FH5THARGEDCNME, IHFHEFREETES
R 35 180°INETE R A R R A5, RIS 5 535 R RFFIEM,
) RAKA K F A2 @A K B 5 @ A 80%. EFhik B8 A E M IR
HEEFR, RETH, &Ko LAKRE/A,

Process knowledge determines the type of moist heat cycle that will best support the product.
Influencing factors such as product type, process type, packaging and preparation should be
considered in a risk assessment. For example, the configuration and packaging requirements
of certain products is essential for the removal of air and penetration of moist steam heat.
Other products and components may require an air over pressure cycle to effectively sterilize a
contained liquid. Historical data is also useful in the design of a process; however, new
processes may need to be developed to achieve the desired conditions.

St LTZINIRR R T RESZ TR BERRA T X, FraBREFOE R LA, TEL LA, 0EH
) &R R AE T T AE JE A3 T et B AL E B R TR AHE R REKARBF
EtoEE, A S TREESEEFESENNRAETAZIRA. HELKBERAL
LRt P LRA R, AnE BT R T EAXBNE XA K.

Risk assessment is an important part of the moist heat sterilizer system design process.
Assessment considerations are primarily product and process flow. The following are
examples of additional items that may be considered during a risk assessment:

R BRRA SRR IR EENRS FFEAALRFES A LT d4E, AT ARG



WA E B E BT FEA

»  Sterilization temperature (high and low) X# & & (& &A1& R)
*  Loss of utilities X #8945 %k

e Loss of sterilization data X # #( &% %

*  Cooling requirements % #p & K

e  Steam requirements & 4& K

e Air overpressure requirements /&%

e Critical instruments failures %4 % # &

«  Drain water level H#FK 3 &

e Door gaskets longevity and type I'7# B % & f= £ A

4.1 User Requirements Specifications Al P & K

The correct selection of a sterilizer requires a robust definition of what the requirements and
expectations are for the performance of a steam sterilizer. Prior to selection, users should
ascertain:

EHBEFERABFERAHRT—ARARASHHRERFo D, AT, AP LHAL:

e What are the area/ process requirements? J 5/ T EZK2H A7

e How will the sterilizer be used? 4={T{& Fl X # 3 ?
* Hardgoods? £& A BRe% &
*  Finished filled parenterals? £ % % € 3 692 457
e Liquid loads? =% A&k &M
*  Decontamination? &% fF 77 %

e What are the sizes of the largest items and possible load density? =& k4 &89 R T 4= 7T #¢
HERBEREASZD?

e What are specific requirements for the sterilizer (i.e., control / operation)? X 3 #9457k
ZRAAM A (B, =HARAEQRFIRAK) ?

Failure to integrate appropriate requirements into the sterilizer purchasing process can deliver
a unit that is unable to be qualified. Without sufficient direction, vendors will establish a cost
estimate based on a general or standard sterilizer design. While this keeps the anticipated
costs down, it will likely omit specific attributes that may appear as standard items on other
vendor’s units such as redundant air vent filters or 316L stainless steel piping.
&n%f‘“&k%%%ﬁ'@kﬁ*ﬁ&:L%ﬁ%i P § 2O F 4Gk & L EBAT AN AXA AT
AE LT, M B ARIE R R BATE R ST IR R A, IFERABRA, TR Z%RE
RE HETF— 4K, iU ae T LR B K 316L R ME 6T &K,

4.1.1 Equipment Location, Installation, and Maintenance Access Considerations & &4&
BRE, fYPAEHELR

An important consideration for the sterilizer specification is the details of the physical
environment in which the sterilizer will be operated. Before the selection of the sterilizer can
begin, the user should note the maximum height, width and depth that the sterilizer can be to
fit through doorways from the point where the sterilizer enters the building to the point of



installation. The weight bearing capacity of the floor where the sterilizer will be installed should
also be considered. See Appendix A for further discussion of equipment location and
installation considerations.

RABWKHRPER—SREEERABTITNWHEIREN @Y . £FERBBLAAN, APFEX
ERAZA BE RE, MEXEARTELNINALRKE, LEFELERA %%@%%@%
The . XRTREREA B R Rt — P8 LM A,

The area environmental classification (e.g., loading, uploading side) should be considered
when preparing the URS. This specification should include a decision on whether the sterilizer
will be a single door or a double door (pass-through) sterilizer and the loading/unloading
requirements. The door type should be specified (i.e., hinged, vertical or horizontal sliding).
#1T URS B2 B2 BOFERA (G, FHR M, HH MDD, APrERpafEreE
AR RA S, ARERIFEEL, i1 LA (B, &8, 2ARKFE0),

If the sterilizer is used for decontamination, proximity to an effluent decontamination tank may
be a concern. The flow path for loading materials and for removal of decontaminated material
should be considered. Other design considerations for decontamination have been addressed
in section 3.3, Decontamination Processes.

W RRABRARETE, BRERXGFLLT M. BFEEED oA ZY A A IR
A2, HHX T LA RGEARRLIIT, XFETE

A wall seal (e.g., biological seal, air differential seal) should be considered when trying to
maintain areas of different classifications. The seal type is dependent on the type of space and
biohazard specification; it should maintain pressure differential, prevent particulate count
egress into the clean room environment, and / or prevent organisms from escaping a
biologically contained environment. Figures 4.1.1-1~4.1.1-3 show common seal
configurations in a facility.

LRABARKETFEANRRN, BEEEEN (Blherh B3, LEFHN). FHEBRETE
BRI Fet G EGHER, BRF—REE, BGUEBE#RNFSFR, BEREDA—ANE R
Sryh k. B411-1~411-3 L) F m»ﬁ%LO



Figure 4.1.1-1 Facility Design Example One J~ &#& 7+, #]1
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Figure 4.1.1-2 is an example where load and unload side area are classified. The wall seals
on the load and unload sides maintain clean area space, separate from the maintenance area.
Service access is from the top or side of the unit.

B 41126 F ERAHBEHREZTSFRX AN ERAHEMYERFETFRE, FHEPRETF. A
R R 697y I\ AT 4.

Figure 4.1.1-2 Example of Dual Wall Seals & % 3% #
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Figure 4.1.1-3 is an example where items are sterilized prior to removal from hazardous area.
Seal is on the load or contained side to prevent hazardous organisms from escaping. Service
area is on the unload side or side of the unit.
B 4.1.1-3 ¥ H e B KISAS A RTHT KE . HEIMe TRAEMKLIERM, ok aremmt
Mtk e KORAEF B — M BAR &M E .

Figure 4.1.1-3 Example of Wall Seal Facility Design 3&%#t)” &%+t
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The sterilizer operation can impact both the temperature and humidity, so users must be aware

of the area temperature and humidity requirements and consider the impact of the increased
temperature and humidity during the sterilizer operation (e.g., unloading) on the clean room
environment. Vents on the ceiling can be installed to remove excess moisture, and potentially
higher temperature sprinkler heads and smoke detectors should be used. Excess steam can
occur especially if cycles are aborted and the door is opened shortly after.

KA SR EREHARBEFEE, BRAFLATHRAERRGRE. 2BEEK, AXBAREZ
7 Gespit) FERBE, BERSMEFF EHRENT R, TARERZEHELD, HELZ
BA, TREEZSHENKEEFMRFTRTS . ¥ RETETILE RARITFREENHE LK

2 ar e
Ko

Consider the availability of utilities for the sterilizer operation (e.g., clean steam, plant steam,
process air, water, electricity) and specify the available working conditions of the utilities (e.g.,
minimum and maximum pressure range for the clean steam and process air, water
temperature, amperage and voltage for electricity). Location of valves (e.g., isolation and shut
off), chamber validation ports, pressure gauges, steam traps and steam quality testing ports
should be easily identified and accessible. The location of sample points (e.g., steam quality,
WFI, process air) for routine monitoring and validation should be strategically placed, and the
port designs should avoid any condensate storage.
FERABBRENE R GFEFAA. TLRA TZAK, K ©), FHRARET/ELM
(mFFRAFRTILAARNRBRFRKENEER, KRG, CAfEE), WITZE (REHFfX



). RESEARRIED, EA K, AARKNAZARERN 0 A A IARR, F5HTFL.
H# B iAo 0B B 8 &30 E, BUF 0 R0t 8 R AT A B KR &

The sterilizer effluent generated as a result of the sterilizer operation (e.g., volume and
temperature of condensate) needs to be addressed, and, if needed, specify requirements for
handling. For example, additional heat exchangers might be required to bring the temperature
of the condensate to the allowable facility effluent discharge temperature. Also consider local
regulatory requirements for final temperature and drained water in continuous flows if mixed
cooling is allowed as opposed to closed loop cooling.

K& B REABZAT = £ H R4 Qb BARAERAEE), 2 BRI ER, 7] he 38 ho
LB WA BB EEZRFOHRE . o RAFRRRER20 77 X (HHFA2p43T),
BB H R RN RL R B AR SR B R

When operated, other equipment present in the area might interfere with the sterilizer. Identify
types of wireless communication devices that might be used in the area where the sterilizer is
to be installed.

BT, A AR ETRERAZHELTH. B2 KA S %K KRAER G LEBELEL

@-O

Regarding the configuration of the area around the sterilizer, plan for sufficient space for the
sterilizer maintenance area. Depending on the facility layout, the maintenance area can be
located side by side with the sterilizer chamber or above the chamber in the interstitial area.
Custom installations in tight spaces may require placement of steam regulators or control
valve in alternate locations; check for the availability of adequate pipe length upstream of
these control valves. Filters should be located where they are safely accessible. In addition,
plan for enough floor space for storage and maneuvering of loading equipment; it is especially
important to have enough clearance in front of the chamber.

T RE SR BARE, BARATHEPQGRBZN, RIET 5-FaAHE, P XTRAERR
fEtk @ R L7 BN E I E KA BT REZAERAT IR R A=4 )69z E, A& 4=4] " L
HERAGRHABRKE, TIEB PR RAMRTIZLNT . I LR R F 8 Bl A E E B
&, WA AKHIERT T LA R E T,

4.1.2 Assessing Process Requirements ##4& T E &K

Along with the area requirements, the following equipment and process requirements should
be considered:
RTHZERBGZER, TEFEATRERTILZEZK:

*  Temperature probes ports for validation studies. Specify the number, size, location, and
type of port.
BERKRIIED, FRFOHHE, RT. 2EREH

* Loading and unloading requirements (e.g., walk-in or reach-in).
FBAHREL (F AXRFAHFAX)

*  Door gasket medium (e.g., clean steam or pharmaceutical air) requirements. Determine if
a backup door gasket is required.
MERNR GeFERARERAR) &K, HZATEEEANESN



* Load configuration (e.g., item size, type and number of loads)
EBYHHK (eFRAHRORT. £555E)

*  Cycle time and throughput requirements
TR RA A FE B, A2k &R

* For porous / hard goods (equipment, tubing, gowns), air removal is critical to allow
optimum heat transfer to the load. Air should be removed from the autoclave chamber
and load prior to the sterilization exposure phase and minimized in the steam supply to
the autoclave. Steam supplied to the autoclave should be saturated and not contain
substances that would chemically contaminate the material with which it comes into
contact
T LR FEHE (X, T, RIR) ORA, TAHEXART/EREZER T H X4,
B RERAFAEAT Z W T AN KA B P Hd, MM E A RAAEN KA. LA
kA, ARREATRIFELABERY SO FH R,

*  For liquid loads, the steam acts principally as an agent for heat transfer. Therefore, air
removal and steam attributes are not of equal significance as compared to porous / hard
goods loads.

M FRAER, KALEREARFEAN . Rib5 %3, BRpmEdbs, = AHH
ABKAMBHRERARFE L,

*  For terminal sterilization of materials in their final packaging, the major concern is the
identification of a sterilization cycle that ensures that sufficient lethality has been achieved
in all location of the load without compromising item or product. Due to these factors, care
must be taken to ensure that the temperature across the load is uniform and that the air
over pressure (where utilized) is sufficient to minimize the breakage or distortion of
containers.

HFLOLEFRWRARE, TEEHARLRKATAE, EERBROIALERREFLB AR
AR, Rt mR R E, Bk, LARIEERGBES AL, EEEE R
RE) R AR RE A Z R T

Consider the number of cycles to be available for the range of items being sterilized. Include
additional cycles to be used with the sterilizer (e.g., chamber leak test, vent filter sterilization,
air removal test).

F BT B R 4 o P& 69 KA TAZR . B @467 F 9 8MTAE (e ik R X, HE =8 B0 R
B = AHR KD .

Describe the requirements for the steps/phases that are required for the range of the
sterilization cycles to be used. In each phase identify the critical control requirements and
variables that are needed. For example:

RARATHRAEG T RINBEER, EHE—NBEZRANXEER LM ELTE, Fld

e Heat-up phase, including: =&, €is:
e Number of vacuum pulses £ = Bk 51 3
e Time to attain vacuum ik | — & & = BT & Bt 4]
e Vacuum hold time £ % & 4% i 4]
e Vacuum and pressure level & =A=/& 7/ K]
e Charge phase, including the charge rate Hiz M £, €L iEHR R K



»  Temperature and pressure ramp rates & & f=/& 77 b &
»  Exposure phase, including the temperature and pressure ranges X & M #, €Li&R &A=
JE 7] TE A
«  Cool-down Phase (if required), including: A#r W& (F &8, 015
e Evacuation level (if vacuum drying is used) £ = K/ (R KA T A= F1E)
e Hold time 4R+ 1A
e Heat input (if drying is accomplished utilizing heat input) Aw# (d= R i i$ 4 347
o)
e Exhaust Phase, including the exhaust rate #F LM £, @3EHE LR E
e Pulse drying Bk Tk
e Equalization -Ff#u A
e Vacuum Relief Phase (if required) A=W #& (F20)
e Liquid cooling temperature / method & kA 2pi& & 175 ik
«  Temperature and pressure ramp rates & & A=/ /7 £k &

4.2 System Control % %3 %]

Good manufacturing practice with regard to the specification, build, testing and operation of a
sterilization equipment requires a systematic approach to ensure that the equipment as
designed meets specifications and is fit for intended use. Many choices may be evaluated
during definition of the control system design. Some considerations are:
SFFRBBXAGHEARAER, Zik, MXAi2tT, GMP 25K A R A 7 HKIERERITHAE
KA R &, 258 2 RRT P T S AR FRTITE FE2HEGA:

* Possible interfaces of the control system with other systems available in the area
BRI AR RERBO AR ATRAEANMEI TR

* Data collection should be based on company requirements (e.g., local printer report,
network printer report, building control system report, historical trending).

AR B) B RAT R AR E Qo AT L, M&ITHRE, ZRAEFRZARE, B
X RABEAF D)o

*  Controls provided with electronic data collection intended for use in the manufacture of
pharmaceutical products are required to comply with regional regulatory expectations.
ATHwAE”, BEETHREREHEFRALFEFALK,

* Define the list of process variables to be recorded and frequency of recording (e.g.,
chamber pressure, chamber temperature, jacket temperature, run time)
HEFWEKNILEEFE, it TR (R E N BREE. XBRE. BITHE)

» If the system provides a report, define the expectations for information to be included in
the report
I R A ARG RBEIRE, AZMEFHRPIPLSE L

* How complex or simple a control system is needed. Describe the control system
requirements in terms of manual, semi-automatic and automatic operation.
EHEALERBERE. RBTFH. Fadf AR ERBEEHZAER

*  Whether the operation and control of the system is to be performed at an operator
interface panel on the sterilizer or at an external control system. State whether the access
is provided through a date-communication link. Specify security access levels for



operation, cycle programming, and maintenance activities. Security access is typically
local and may be server verified.
FAM BT A ERE R LRER LA DIINEEF R AT ARG, LA RRGHEN
AL BRI BREEE TR WHURME. RATAERT. P52 RB %4217 FF R,
STy R F A AR AN, T LGB IR £ 5 A

*  Control type should be taken into consideration- on/off or analog. Digital (on/off) and
Proportional (analog) valves are both successfully used in the establishment of steady
state conditions within a chamber and load.
K JEIE ) R AT B I XA AN, #F GFRIXN) s (B RINHTHTEIAA
£ ARE

»  Orifice plates and / or flow control valves positioned on the chamber inlet and /or outlet.
Their settings or dimensions therefore become key control parameters.
B G FAR A/ R Z 4 Rz T REARN B Ae/ S o o o 8938 B R R T X4 4

#

Consider the requirements for the following control systems:
AT 54 2 Re9 &K

* Atemperature and / or pressure controlled system.
Y eV R

* A thermostatic steam trap (open when cool, closed when hot) to remove air and /or
condensate form the chamber.
R Ba RARKR (SR LAIT, SARAMRGEFHXND, kHbE XEEF UK
Fof 3 R oA B K

* Acycle timer and (usually) a sequencing controller.
R AR B eI 45 ) 5

*  The ability to configure cycle parameters (e.g., add or subtract number of pulses, vacuum
levels, exposure time)
RERE AR (Gmdg e SR D RRER . A=K, BRAEE)

Define the interlocks that are to be supplied with the system. For example:
B RREBGLE N, Bl

*  The door cannot be sealed before it is closed and locked.
B XA BAAT, 18R 2%+
*  The cycle cannot be initiated until the door is sealed.
PRANKETEINRET, TREahIRAITAE
*  The cycle can be initiated only if there are no active alarms.
RA SRR EHRET T T B AHRKATAE
*  The door cannot be unsealed before the sterilization cycle is completed and the chamber
pressure has equalized to atmospheric pressure.
B REATAZL R, URIERENEEXAEAR, RFITHITES
* In case the cycle is aborted but the exposure phase was not completed, only the loading
side can be opened.
Y REATAZ AL, ERENB SR RN, RAAZRMATF



e The chamber steam valve cannot be opened by the controller if a door is open or
unsealed.
e RIMAATF O RAE 2, =R B TFT B IERELAR

*  Specify the placement of the Emergency Stop (E-Stop) button(s) according to local
requirements. A double door sterilizer should have E-Stop buttons on both sides of the
sterilizer.
AR L M E T KA A5 RE . WITRE S A XK S BN H 24754,

* Requirements for the system response to an operator initiated cycle abort. Describe the
final state the autoclave needs to be in at the conclusion of the abort sequence.
BAFH BN RAATAE T LB, RARMGER, MEAFILETRERSEREBMLYRL
K.

e System alarm requirements, both critical and informational.
AOMERLR, OEXBREFRTRE

Instruments identified in the risk assessment as critical and /or key to the process should be
designed for calibration and should be easily accessible. Instruments should have the correct
range, resolution, accuracy and precision for calibration and be designed to meet the needs of
the process. Prior to qualification activities, instruments should be calibrated. See Section 7.2
for further discussion of instrument calibration.

R e 45 P A 2 0 RAEAUE R AR T U TR . R EAEHGEL, HHE, EH
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4.3 Functional Requirements Specifications #H % K

The intended use of the autoclave dictates the size, shape, construction materials, control
system, required utilities, cycles available and accessories to be supplied with the unit. These
attributes are defined in the functional requirement specification (FRS), FRS examples may
include:

RE SRR & RE T HRTHBR MM =25 2R, ERE. BAGRAFTEFREEMH
XEAR S BN RE KT, L5

* If clean steam is required but not available at the installation site, a clean steam generator
may be installed on the sterilizer skid.
W REEFERA, BRERLIAFTFTRA, RASEARZEARTETRARLES

* Adecontamination cycle may be required for use in applications where chamber effluents
may contaminate the sterilizer drain line or building drain system.
YREBERHEDTRITFERASHKERRT HFHKRRN, F2RALTEFE

* A requirement to roll heavy tanks or equipment into the chamber may dictate a
pit-mounted installation, in which the floor of the chamber aligns with the floor of the room.
do TRRE AHET SR B AN IEARF, WERALRLE T X, HEARNS SRR -F
7

*  Steam sterilizers used for decontamination of equipment may be manufactured from
Ni-Clad material rather than stainless steel due to the corrosive nature of the effluent.

FIEBIHE B A6y ke, A TIRE KT A KA & TR R REM - R ETHER



Functions are defined first by the purpose of the system and then are defined in more detail as
a series of individual functions. The FRS includes both manual and computer controlled
functions for operation of the system. Requirements are described in terms of quality needs
(i.e., instrument accuracy), hardware and software needs, system interfaces (i.e., particular
programmable logic controller model should interface to particular distributed control system
model), operator / product safety and performance. Refer to Section 4.3 for an overview of the
FRS.

HAREZ AR GH AR, BT — RPN EANS T @, HREFRKOEFHETitEmna
HNIZF A REEX. BAREEK (PR EHEL), HAHEEFL, RoEo (P4 PLC
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Specifications for utilities should also be included, and are dependent on the application and
the manufacturer.
R OIENTRAER, BT RASGE AL SFEH.

4.4 Detailed Design Specification ¥ %t

The DDS will include basic elements common to all sterilizers, as well as specific requests
intended to satisfy the operation requirements of a specific installation. Basic elements will
include sterilizer description, size and configuration, sterilization cycle types required, and
maximum load size or mass. Utilities available at the installation site may be provided as
limiting factors. The type of control system desired for the sterilizer must be addressed
including the validation requirements for that system. Typical options include: special cycle
requirements, load probes for internal temperature measurement, loading carts, and spare
parts.

Fmitit RO A RABZBRNOERZEL, ARFRAR RO EL AR FOREXE
B, RAeEt), ITERAFAZ LA R KERRTRE S LR KIBARAETAEA R H]
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s The following milestones might be identified in the specifications: A T & & F# & {£ % /1%
P58 -

e Proposal #iX

* Initial drawing review #7 ¥ & 4 F

e Manual availability 3% #3445 F#

e Factory acceptance testing (FAT) )~ & 50m]

e Delivery date x4+ 8 #1

e System start-up 4B

»  Commissioning duration #3X 4% 42 i g]

*  Site acceptance testing (SAT)

*  Training #9

e Document turnover X 434t

When complete, the specifications are approved and submitted to the selected vendors for
their response.



TRJG, Fmit mAaak, RILMABEE, HFRFLINT.

Consider the differences in cleaning for the different environmental classifications. Cleaning
requirements for the difference area classifications may affect the materials of construction of
the sterilizer panels, and possibly the design of the wall seals. The area classification would
also affect the finish of the panels. Describe in detail the local procedural requirements such as
local standards, which must be adhered to for the interior and exterior finishes. Describe
materials of construction and requirements for material certification.

FRFERRFFBANFFRROGRE, Kok RE S @R, LT i # R & #6380t
PR B3R89 7% 4 B AL H R E AR L mBE KA F K, o S iRk, AT A
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Specify the utility piping requirements (e.g., stainless steel type, copper for non-sanitary
utilities). Specify piping weld and slope requirements for clean steam, process air, sanitary
chamber drain and sterile vent system (e.g., AISI, ASTM, ASME, or any local area
requirements). List critical requirements for surface finish.

BRBAESER Qe RBEM, FLLRETRAM . HPAFTEAL TEZAKR. LEEKRE
KAREHE T 7 AN EBIFEAWE ZER (4o AISI. ASTM. ASME S AT A2 K),

Prior to specifying detailed design requirements for the sterilizer, it may be a worthwhile
endeavor to perform a Risk Analysis of the process(es) for which the sterilizer will be used.
Once the intended and predicted uses have been identified, details of the design can be
generated.

B R B F it ar, S RA L ZHAT RN ATRIEFEF. — 252 TRAMNE, B T
# 3F miat LA,



5.0 Equipment Verification & Qualification % & 3£ R Ak

Equipment qualification includes studies to assure the installation of a sterilizer and its
associated utility systems has been performed, and the operation of the systems has been
tested. Reproducibility of sterilization cycles is dependent on the controls, utilities and
mechanics of the sterilizer operating according to their specifications. These critical items are
verified as installed and set to their specifications as part of the qualification.

WA AINLIET ARAR—A KA B ZRAH KGN RS T EHINARL R L HRET ZN
Ko REAMIAFHERNMERM TIH, REABHRMEOERN T BB KM PRBRMNGEKR S 5
ZFAFR, Xk XK BMIRIE, JHRE B CAAATE AR A F NG — 35

Sharp distinction between the various activities is not essential. How verification and
qualification activities are performed is up to the organization to determine. Some of the
activities included in this section may be performed as part of cycle development, preliminary
screening, or equipment acceptance. For the purposes of this report, these activities are
addressed in the following sub-sections to provide an overall perspective to the reader.
EMENNEFARIARARE R, EFPTRIEARHNETNFHRIEALREL, QAL
R A — R E A IRAT, REFRRE, M gl &8s, S TXHREGE, T
B 69 F T B AR B ik R — AN AR L R

Equipment documentation collected is useful for establishing maintenance spare parts
inventories, preventative maintenance, and calibration schedules.
RE AR A B T 32 2 B A A A0 4 Fo R B T R,

Static and dynamic testings performed in commissioning may be leveraged for use in
Installation Qualification (IQ) and Operational Qualification (OQ) respectively. However, in
order to use the commissioning data changes should he documented via a change
management system and the quality unit should approve the commissioning test methods and
acceptance criteria prior to commissioning test execution.

FE XA PAT 8973 5 Fo gl & MK T A 5 H A 22 AN g AN . Rd, AT AR
FETNEZELT R ERRZLINE, ARMPATAT, N2 3002 % bR XA K T kAo 7T
AR o

During the sterilizer commissioning, or prior to Performance Qualification (PQ) devices are
adjusted to optimize the process. The readings and/or settings of the adjustable devices and
operational parameters are to be documented. Such devices may include:

T R 25 XA 18] A8 AT AT P AL AN 8938 & R R AC IR B T A2 o SR SR B 49 T 7 32 B Av it
BBOLZARIT T, KB FE F T b 0L 45

« adjustable bleed valves # 77 #k A A

e gauge used to set a steam supply regulator

»  flow control valve for cooling water %4 p K iZ 4k 4= %1 8]

e control parameters in a PID controller PID 45 %] 3% 2 8945 % £ 3

*  set points and alarm limits for time, temperature, and pressure Bt [k, & & A= & 77 %
B B AR IR



After qualification, records of these settings may be needed by operating and maintenance
personnel for maintaining the qualified stale of the sterilizer. For example, while optimizing the
control of chamber temperature, a steam supply regulator may be adjusted to a setting which
differs from the value on the P&ID. This new setting should be documented in the qualification
package, but in addition, it must be available where it can he referenced for ongoing control
and verification of the equipment Assure that all adjustable device settings and operational
parameters are noted in an SOP, equipment logbook, or as applicable for facility programs.
Any proposed modifications or changes to the autoclave, the settings, or associated
equipment must be evaluated through a change control program.
AN, IR E TR TR E BRI, RAARA RS KEA ST HRA Plde, ALK
2B, AR S T AR T4 IR E il AUR BACA T X E . X698 B %L KA AR
B, Aark 2 b, REAF AR I B A X & AN LA A, PRIEFTA 69 T E E L B ARk
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5.1 Commissioning & %

Commissioning is an important function that assures a well documented system is started up
and turned over for development, verification, or qualification. Commissioning should be a
sound foundation for subsequent qualification, and when a risk-based approach is employed, it
may reduce some qualification testing. It verifies the range of functionality described by the
vendor, such as pressure, vacuum, temperature. Commissioning also assures that sufficient
system documentation is provided by the vendors and installers to enable subsequent protocol
development and qualification.

RKER—NREZGER, RRIELH R AT BALRUARGE RO K. FAIN, Bk, KPS %
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The primary purpose of commissioning is to assure that sufficient documentation is gathered
to write the sterilizer qualification documents and to assure that the primary functions are
operated and checked prior to attempting qualification. The unit is operated in a test mode by
the installer or vendor. The installer or vendor follows a user approved commissioning
document or checklist. The shakedown or commissioning process verifies that the unit's
motors, valves, and controls function and operate properly. This confirms that the motors turn
in the proper direction, valve operation is correct, and the controls activate the instruments as
required.

ALY £ & B AR AR T AT i"% B R 25 # I A Ao 7 R X B AR N AT £ % 2 Ae Ak 4R
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5.1.1 Factory Acceptance Testing ) &AM %

The Factory Acceptance Test (FAT) should be an integral part of the manufacturing quality
assurance program of the vendor. The FAT activities are conducted at the vendor facility to



demonstrate that the equipment is constructed according to the design specifications and the
performance is in conformance with the functional requirements and user requirements. A
preapproved FAT lest plan is typically used to verify the construction and operation of the
sterilizer against the requirements. This test plan may he provided by the vendor and/or user
and approved by the user. Examples of sterilizer verification activities are outlined in
Appendix B.

I B KT %R A L T A S R ARAER B RIS T AL B KR A S T
SRR & AARB BT A SR E KA R P E R MR R R RATIAE S T HH M
KB F AR AT RA BB E LA R X EH F K MK R 2 % 2 7 Sk Ao ik A 2t
fo RHEBHINEFGH T L Appendix B.

The FAT test results and documentation should be verified by the user prior to the shipping of

the sterilizer. Objectionable findings should he noted and resolved prior to shipping to the

user's site. If this is not possible, the owner and vendor should agree to an action plan to

resolve any incomplete requirements.

T B A X 25 R e A S 1% 8 4 R 35 ATAL R P AN o R 1B 4 B4E B A2 B AT A S+ ed KL A
SR F Ak R ARTR, AP fett BB R RE & AT TR R AT TENE K.

Utilities should be available to simulate the actual site utilities as much as possible e.g.,
electric, steam, cooling water and air, steam capacity and quality). Utilities used for FAT testing
should be demonstrated to be of appropriate quality (e.g. steam should be free from chloride
and iron, oil-free air) to prevent contamination of the sterilizer.

INRIRE RIS R A R, el A, KA, A KFRELEZA, RALF N FRE
BT I B X ey o A& e S EN R E mAARZARTR. At a, Re
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The sterilizer should be ready and operational for the owner's FAT activities. Owner
representatives should have the authority to authorize any changes required at the factory to
prevent delays.

ATAERHE T B, KB B R IZAESARE AL A T REAELT BiZA A R —
o B0 7T R B Ak 2E 3

Some qualification activities may also be conducted and documented during the
manufacturing process. In many cases, tests performed during the FAT are the same as those
performed during the equipment qualification. To avoid repeating these tests or to leverage the
FAT, documentation should meet requirements of qualification documentation and include
oversight by the Quality Unit. To leverage tests performed during the FAT. Appendix A lists
tests that apply to multiple qualification activities. Figure 5.1.1-1 outlines the manufacturing
process 3nd testing of a sterilizer, including software development.

— N E AL T IAR P T RAMAR F AT R AR S HILT, T AL X Fe i % & FH NG
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Figure 5.1.1-1 Sterilizer Manufacture and Testing X & £ 4 /= A= M/ X
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5.1.1.1 Leveraging the FAT TARK M X85 &

It is commonly recognized that testing executed according to Good Engineering Practice (GEP)
can make a significant contribution to validation exercises. Where this is the case, the testing
following GEP should be referenced within the appropriate validation plan, and the rationale
for which testing will be performed clearly recorded.

— AN MK AT ARG RAF TAZ R 2 E EAE T IAARIE R EZMB TR, AXAPIFIT, %8R4
TAERZE ALY AN K %A A A IR R ), PAT KB AR LR

Where the validation approach indicates that GEP testing is to be used to reduce the onsite
qualification effort, these GEP testing documents should h aw the same GMP requirements as
site qualification. For example:
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*  The commissioning exercise and the overall approach to testing is approved within
the validation plan.

TR E B Fm 3R 3K T o R 9% AR IR R T R A AR LR,

* Design documentation (e.g., functional, software and/or hardware) should be
approved prior to approval of the test protocol.

T Geapfe. #otb. R4E) R AR T EATR I,

* The equipment/software is required to be under change control. Use of the site
change control system or the supplier change control system should be documented
in the rationale.

REIBMEEZT LR A AREELZRAFE LB L L RAR ZM AR —REZIEN,

e  The sections of the GEP testing used to reduce on site qualification have the same
protocol test requirements as a qualification document, and approval includes the
quality representative. This includes:

. RAF TAZ R & & FATEMRZ A TRV G HIN, ARHIN M —FF B AR E
RKHE, —REBZMAZRIAE, X0
*  Acceptance criteria should he approved by the Quality Unit

[ HE AR R ZAR E R A
*  The recording of test results and collection of test evidence is to the same
documentation requirements.
M KIT T 25 R Ao M XA E R 5 B A4S
* The recording and remedy of test deviations and failures follow the same
reqguirements.
AN BCAG M IKAR £ Fo K K AY IR B AR B K 45
The acceptance of GEP testing to support on site qualification activity is based on effective
demonstration of control of the system between the supplier and end user’s premises.
Consideration should be given to repeating quality related functionality that could have been
affected by the transportation, or is reliant upon connection to site services/utilities.
X GEP MK R XL H MG AN EH) 5 A T4 AL R P Z 8338 H9% 3 Sy A 2GE 9 49 7]
R RHFERMEAAXAARG TN, XLARTIRTEZMOT R, IARM TGRSR
TAZRYEIE,

5.1.1.2 Software Tests #k#M]X

The software test procedures should be developed m accordance with the current guidelines.
(15) In many eases a master software program for a sterilizer is created to accommodate
multiple options. These software modules can be turned on or off depending on which items
are selected. Each base program should be software (bench) tested. These tests are
performed in a simulated environment and are used to verily basic functionality of the software
and static aspects of the software design (functionality that is not changed when the software
is configured). These tests typically include, but are not limited to:

BANEXAZFTAEE 5S4 F 74— REFALT, RAS L EHRMEFRIES AR ERE
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e Screen navigation testing & # F At X,

e Security testing & 4P 3K

*  Boundary testing for input values #i AA# &9 121 53X,

e Process sequence and transition condition testing i £2)ift 5> A= it & 4 40X,

e Alarm testing 4R £ )%,

e Interlock testing Z 44X,

*  Version verification & audit trail #& A& ## A =% 7+ 3k 37

e Configurable parameters = A2 & 49 £ 4

e Data transfer to owner supplied hardware and software $k 4% 1% 4 2| 48 A % #4269 A2 44
e Bk 44

5.1.2 Site Acceptance Testing L% 3 J ) X,

Site Acceptance Testing (SAT) is a series of tests that are performed as part of commissioning,
after the unit has been installed in the final location. These documented tests establish the
basic acceptability of the system as connected to the site utilities.

B IACN KA RGAL E L BZ R — LMK, FAEA X —R 5 R PAT,
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During SAT, use is should ensure that no damage occurred during shipment and installation,
that the installation was performed properly and that the unit is installed and scaled to maintain
environmental conditions. In addition, users should evaluate the effects of environmental
conditions (e.g.. elevation, temperatures) on the sterilizer and check final wiring (if wiring was
required).

I AW, R P RARIEAE A KR R ERE, REERIIT, CREGIM
& TIEFAERRIL. B, AP RZEEFREFS Geigdk, BE) TRASWfbERE
#E Qe REFEZK).

Utility Verification (water temperature, steam and air pressure), operational testing and final
adjustments, and system orientation and safety training also should be conducted as part of
SAT.

NRREHIN OKR. KA. RHEZA). BEMNKAREOAT. FAZEARLEI LT
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Successful completion of the SAT may be required before the owner assumes responsibility
for its qualification and subsequent operation.
A TG I A K T R F B R P A AN e R B R A R A2 T A

5.2 Qualification A7k

The sterilizer specification establishes the equipment features and performance that are
confirmed during the qualification of the sterilizer. The qualification phase of the validation
verifies that the sterilizer operates according to design specifications tor performance, control



system function and computer system operation for PLCs and data collection systems
associated with the sterilizer. Equipment installation and operation should be qualified prior to
beginning performance qualification.

K 20 2 R AR & A A Ao b e JF 100 R 5 69 PE AR o 10 I BLAY #4 I E B R B ARAE AR IR
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Reproducibility of sterilization cycles is dependent on the controls, utilities, and mechanics of
the sterilizer operating according to their specifications. Critical and key parameters and
adjustments are verified as installed and sec to their specifications as part of the qualification.
Failure to meet a critical parameter may result in rejection of the load. Failure to meet a key
parameter could result in an investigation with a documented rationale for the disposition of the
load. Figure 1.1-1 outlines the lifecycle of a sterilizer.

KA VEARE IR EH], KRB B OHARIRFARIE C I BLIA P o X5 HB 2] R KT A F 2 7 &
BB, REHSRBERKTRFEALK ARLENRZYAE, Figure 1.1-1 AT KA S
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5.2.1 Static Equipment Qualification or 1Q #& & & Al RE & E AL

The purpose of static equipment qualification is to verily and document that the sterilizer is
installed as specified. Traditionally these qualification activities are considered part of an
installation qualification (1Q).

FAREHING B AR A INAIT R RE BRI SHE . — M E L EFMINA R — A EHIA
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Qualification is performed to assure that the sterilizer has been installed according to user
requirements and manufacturer's specifications. Verification of installed equipment may he
leveraged from GEP activities or may be performed as part of the sterilizer qualification.
Equipment documentation collected is useful for establishing maintenance spare parts
inventories and preventative maintenance and calibration scheduler. The qualification phase
of the validation verifies that the sterilizer operates according to design specifications for
performance, control system function and computer system operation for PLCs and data
collection systems associated with the sterilizer.

PATHINRRIERA R CERBR P E KL F T TR LR LR REGHINT e A R T4
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This documentation is used to maintain the system in a validated state during subsequent
change control. For a pre-existing sterilizer, there may be no current specifications available.
In this case, the 1Q review documents the system's existing condition, as a basis for
establishing on-going change control.
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This testing may be leveraged from commissioning performed or other appropriate
pre-approved procedure/testing. Appendix B contains a list of specific items that are typically
verified during equipment qualification.

5.2.1.1 Steam Quality Testing &% /& MK

Steam quality testing should be conducted prior to Dynamic Equipment Qualification, also
called Operational Qualification (See Section 5.2.2), as well as part of the ongoing monitoring
program to ensure the delivered steam will sterilize as intended. Steam quality is determined
through physical, chemical and endotoxin testing as described below Testing is conducted for
non-condensable gases, super heat, and dryness fraction for porous load sterilizers.

AARE MK %5 T3 & RERHINPAT, L EEHN (L 522 7)), FHSEEmE —#
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5.2.1.1.1 Prerequisites to Physical, Chemical and Endotoxin Testing of Pure Steam

Prior to performing physical, chemical and endotoxin testing, certain prerequisites should be
established:
2R AA M IEAE N FE RN Rk SR AT WA T A F R NK, 2 0k S iz

A

»  Personnel (operators) performing tests should he appropriately trained.
PATMR AR GRAEH) 2i%E F 893
+  Point of use testing location should be representative of steam distribution into sterilizer
R TR Az B 69 oA 2 A REATHERASREANRA S
*  Samples should be taken during the sterilizer cycle
KA 183 L% B
*  Multiple tests may be useful during the initial qualification of the sterilizer
% AP MK T e ) T KA 5 692 Z AN

5.2.1.1.2 Physical, Chemical and Endotoxin Testing %3, L. K& FM&X

Physical testing of steam quality for porous/hard goods sterilizers assesses non-condensable
gases, dryness, and superheat. Required piping modifications, test methods and acceptance
criteria may be found in available literature and guidances. (16) Steam quality testing may be
conducted at the steam generator, at the distribution header for the sterilizer, oral the sterilizer
to assure the supplied steam meets the requirements. However, the primary steam quality
tests should he conducted at the sterilizer during empty chamber operation. For example, the
superheat test is run when the steam valve first opens to test during maximum steam flow.
During qualification and ongoing monitoring testing should be conducted at point of use to
ensure quality meets engineering and regulatory requirements.

AAFEWR WL K, b B0 57, SE Lkl F 7 4T RN IK 7 Ao T 322 AT
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The purpose of chemical/endotoxin testing is to show that clean steam condensate from the
steam generator and at the sterilizer meet compendial requirements. In addition, all
condensate samples should be examined visually to assure that they are clear, colorless and
odorless.
WERAEFZMNXGBDORERETRARARESN TS RALRKAARARLHHER, FI,
PR 4 8RB 1% B AR FARRAMZEF. LE. L%

5.2.2 Dynamic Equipment Qualification or OQ 3 A& & # AR BITHAIL

Dynamic equipment qualification testing demonstrates that the steam sterilizer and ancillary
components operate within pre-determined cycle parameters. Tests specific to the proper
operation of the steam sterilizer should be completed before initiating cycle development
studies. Appendix B contains a list of specific items that are typically verified during
equipment qualification.
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5.2.2.1 Empty Chamber Temperature Distribution 2 #:& & 5%

Empty chamber temperature distribution studies (temperature mapping) are intended to verity
uniform distribution of the heating medium across the load zone. These studies may be used
to adjust the bleed valves to obtain the desired chamber uniformity, and as a performance
comparison tool throughout the life cycle of the sterilizer.
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A sufficient number of sterilization inns should be conducted for each cycle type (porous/hard
goods and liquid) to assure reliable results. Temperature probes should not be in contact with
the internal surfaces of the sterilizer, nor closer to the chamber wall than load items would he
with the chamber loaded. Some differences in sterilizer performance may be observed when
evaluating empty chamber performance using sterilizer control parameters optimized for
performance with a load.

RBHEWRABALZIITEN LB RARTHENLER, BERITEZERORAR LB,
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The allowable temperature range is considered acceptable if there is not more than a
predetermined difference between the highest and lowest temperature after stabilization. A
tighter range may be necessary, depending on intended use of the sterilizer. The cycle should
utilize the same air removal methods as the production load cycles.
REAARBAR KA RAKBEBARE, AFOBETER AT B4 TTE TR L E,
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6.0 Cycle Development #&3RF &K

Successful and efficient cycle development demands a thorough, detailed understanding of
the load to be sterilized (including its intended use), the capabilities of the sterilizer, and the
requirements for documented evidence of cycle suitability (may be influenced by regional
regulatory requirements). This section leverages information provided in Technical Report
NO.1 on cycle development and provides practical insight to cycle optimization once it has
been developed.

B B AT R E B3t KA R ER (LML), REXEHRAR VAR AR
HERABIHERGER (TR REEEEEZRGTR), AAE #ﬂﬁémfiéﬁﬂzﬁ%o AFED
A RABEARIRE No.1 + X TR R L, HFARKCITF K GMEFRRMEE TR IRZ 69F L

Adjustments to sterilizer control parameters optimize the sterilization process. These
parameters define heat up, exposure and cool-down cycle phases. The sterilization process
used (e.g., gravity displacement, pre-vacuum. Steam-air mixture (SAM), superheated water) is
determined by the load type.

AERA RGO A HABRARE T L X AR Ak i-;%ﬁé»x&*\%pf%fzwiﬁuyxﬁio
FIARMRALE (EARAK, AT, AASZAREGY (SAM), d#K) dx&H LA KX

2o
6.1 Preliminary System Testing #¥ & %X %

When starting cycle development, it is important to perform system suitability tests. The
following activities (as applicable) should be conducted at intervals defined by the organization
to assure chamber integrity:

PEIRTT R ITAEE, PAT 7 & MK IR T %, 25 BB AL A9 B 18] 18] [ 347 A T 3K & 3 (B ),
VABRIE RS B 58 8

* Chamber Leak Test: A chamber leak test for sterilizers utilizing pre-vacuum cycles should

be conducted prior to placement of the thermocouple wire to determine chamber integrity.
Thermocouple wires should not cause an air leak during cycle development and
validation. After the thermocouples wires are placed into the sterilizer chamber, the
chamber leak lest may be repeated to confirm chamber integrity. Conduct pressure hold
tests for decontamination sterilizers to ensure biosafety containment. The leak rate
should not exceed a level that will inhibit the sterilization process during air removal or
vacuum drying stages.
IEEMZEMNK: RAMAEESHFGRBRXLGIEEENRK, BiZAEKXERELABEZ AT
T, A E R T EN., BRI A fRiEd Ay, REBE R &R AR R. #HAE
BEARANRBREETE, BRIT—KIEETRENK, HANEEHTENE, FLRBLE
R AT PR MK, /J\r?ﬁﬁiuliﬁfh# Frdp. MiREREABE —RIRE, AmAEHTH R R
A TR BT KA 342,

*  Chamber Preparation: Warm up cycles for sterilizers utilizing jackets may be used lo
preheat a cold or idle sterilizer chamber and should only he used according to standard
operating procedures as part of the established practice.
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89—,

* Air Removal Test: Air removal tests for sterilizers utilizing pre-vacuum cycles should be
conducted prior to development or validation studies for a saturated steam pre vacuum
process.

HAMEK: RAAAEZ R KELEOH AN K, BiZEMARARLET T LT RR
I IEA R Z AT AT o

6.2 Thermal Measurement Test Equipment # 2] & )X &

Instrumentation and peripherals selection is essential to ensure accuracy and precision of the
resulting test data. The system selected to provide and record thermal measurement data
should be adequate for the purpose. Consideration should be given to the following when
selecting temperature and measurement instrumentation:

AL o JB] 29X 4 09 L 3 R ARIE MK 25 R B A M AAT A 09 L 255 e F R T RAE TR AZ W
THRBEGZLALARL)HRAERN B, EAFREANNEZMNEN, TEEZUTILE:

*  Use of an appropriate thermocouple (TC) wire
& R AEa#eimi (TC)
*  TC wire routing should avoid electrical interference
TC X8 & B ZE L ET T
*  TC wire placement in the chamber or items should not impede steam flow
e F R Ao N 69 TC & 8 F 3 2K AR & ax [BLAT
. Quallty and type of TC junction (e.g. crimped, welded, soldered, twisted)
CasAM AT AR (WEE, BWF, B, #74)
* Use TC wire of the smallest practical diameter with consideration for application and risk
to data integrity.
ERFIRAZR DG TC &, FFERZ A THIETENEZETEEAL G REE
* Recording device accuracy
TTRALE A
*  Number of available data acquisition ports
FAFT RS BEE 9
*  Data collection frequency (scan rate)
HFEREME (REME)

6.3 Sterilization Cycle Optimization X & 73R %4k

Sterilization cycles may use vacuum and pressure to remove air from the chamber and load to
assure steam penetration. Adjustment of the heat up phase is important to optimize air
removal, prevent undue stress on the load items/packaging and minimize the cycle time. The
heat-up phase is dependent on the load and chamber characteristics. Variability in heat-up
time can affect the actual accumulated lethality lo which the Biological Indicators are exposed
and therefore should be considered when determining the worst-case load for validation.

BT T ThRARNAT AR LRIEEF KRB BT A, URIERAT &t xm N8
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Temperature profiler are used to determine adequacy of air removal for cycle optimization. To
analyze the sterilizer performance thermocouples are installed at representative and hardest
to heat locations throughout the chamber and load. The result in temperature profiles can he
used to determine if adjustments to the cycle parameters are effective. The goal is to have
uniform heating by the end of heat-up time.

KRR BT XA AT LR EANAS . Ao RAREGE, AEEAfds
FEOG LA REM ., UARRT G o4 BN EAR, B 5t & A9 28 R T A T H 2 #30
HHEWIAEREA K. BHETERKITRZRN, BEARERYBOEES TR,

After collecting data the appropriate interval, graphing the entire cycle can reveal significant
differences in heating of the various items and locations. These differences are generally
caused by air remaining in the items that prevent steam penetration.

AR [ — B AR R ARG, FEANE T H AR B A, A f 7 AR e fels e ik dy 23K £ R
Xk EFBEARNKRGEIRTHE A FEEAFELW,

To illustrate the use of temperature profiles, the following three heat penetration profiles reflect
incremental steps through a cycle optimization study. For the purpose of the study, a mixed
load of porous/hard goods including, large sterilizing grade filters, tubing, open containers and
diaphragm valves used.

AV RE DI B ERGER, TIHEZARTES A éi}slﬂ%T il i — AR IRARACHT 769 Hr ik X
Bo ARBMRABE, RARSENH SRRSO ERER, IXHLOIERART
KE. BB ARRER,

Figure 6.3-1 depicts a significant difference in the heating profile and the slowest to heat area

lags significantly behind the other locations, which may be due to inadequate air removal.

These differences are more pronounced earlier in the heat-up phase.

IE] 6.3-1 AT MW EAWIFLZR, UAFABRBYKBALFE THAAXER, RATRAT
AERTA S XEEFAMWBRNBEMN LA LF,

Figure 6.3-1 Example of Heating Uniformity Problem During Initial Development Study & 6.3-1
P IR AR AAL Y G R F AL
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RAMTEAAFERTE, FH10"ESTHER
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KL B0MEL RS FE R T AERTRAS (XHARH)

Vacuum Pulses/ Positive Pulses: A = ik # [iE fik 4

Chamber heat up: %% &

Exposure Time: 4 fik i 4]

Cool Down: #-#p

Figure 6.3.-2 illustrates the progression of the cycle development study. The vacuum level was
increased and the profile shows the areas that were lagging in the previous profile are now
heating more uniformly. However, the cycle still needs significant improvement.

BX 6.3-2 5L THFRT AL RE#AL, AZESNG, BABEXIT: IAREHEFiFE
RBILETHR R M, R, MERNEFITREERS.



Figure 6.3-2 Example of Heating Uniformity Progression During Cycle Development Study &
* 6.3-2 AT RAF AR % MY G MR T
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FHrET I RS, X —AIRE FF AR T A E B AE K AT PRAF T 1] 38 Ak o
Improved heating from better air removal

FALRELE T HAL ARG

Needs more improvement: & % £ k# %

As the pressure, vacuum and hold times are optimized the temperature difference decreases
until the entire load is heating at the same rate as shown in Figure 6.3-3.

YRS AR UBRKFEEAFUARNE, BEEZFFERY, AE¥ENER AR EZHE, LA
* 6.3-3.

Figure 6.3-3 Example of Heating Uniformity Progression During Cycle Development Study K&
* 6.3-3 AT KA LA AR P 2 i 9 M s AL AR
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EREHhm#H 4

Load temperature uniformity is determined by the measurement of temperature range
between the load thermocouples. Acceptance criteria for uniformity should be defined in the
test protocol.

KB I8 B3 — AR B AR F N o A 5o P 69 AR ) 698 L d AT o 38 — PG Bk
AR LA 3K R e AR R

Common adjustable parameters include, but are not limited to, the number and type of pulses,

cycles.

vacuum and steam pressure levels, exposure time, hold time, drying time and rates of change
of pressure and vacuum. Table 6.3-1 provides examples of points to consider when optimizing

— TR AR O E TR T PR ER LA BT EAKARAEN., B E., k43
BRI, FRERTE], AREAFATHRAE, 24 6.3-1RE T HBERBITRALIRFELEE
8 ) =



Table 6.3-1 Cycle Optimization Considerations Table %44 6.3-1 &3 KA H & H & & 4%

Saturated Steam Processes

Air Overpressure Processes

kXA E AMBAEELY
Phase Hr& Pre-Vacuum M £ % Gravity Displacement £ /B | Steam Air Mixture Process Superheated Water
(Possible | (Porous/Hard Goods Loads, Liquid Az RAERARALIE Spray/Cascade
Load Type) Load Sealed Rigid or Non-Sealed Process(Porous/Hard Goods or (Liquid Load sealed i MR R IR E
(TREaY R Container) Liquid Load container) (Liquid Load sealed
HEA) (B 5 3F 694 Fo B2 5 S0 S RS R o (sealed/non-sealed)) (BAFBANEHRHES) container)
FERRARGEHRARBIEEHE | (RBENH D, RAY S RBRA (RARKGEHESR)
%) RE& CFHEHEEH)
HEAT -UP #= | Vacuum assisted or Forced Air | The rate of heat up and | The rate of heat up and | Since air overpressure is
Hh Purge: pressurization should be carefully | pressurization should be | controlled, many are similar

B A E RE AR

Many sterilizers have a purge cycle
programmed as the first step in
porous/hard goods cycles. Pulses
can be made more efficient by
pre-empting them with a gravity
purge. This may also reduce wear
and tear of the pump system, as well
as remove condensate in the load.

% B RERE LT HED 45
TR 5 — 5 %R N R RA . T
VAIE I FHEZ Bk R AR S R F B AR,
[B) B3 T VAT AR G 2 Se b B4R, 1R 3
o oy b B,

Pulses: Alternating vacuum pulses
and steam charges are used to
condition the load prior to the
exposure phase of the cycle. The
number of pulses are load type
dependent, typically 1-3 pulses are

controlled to prevent the liquid
from boiling while removing the air
from the chamber and head space
of the container.

FRIEE N T Ao RS L A2
¥, E SR e A R R E
R Ak B LR AR R R

Gravity purge: Time and pressure
can be varied during development
studies.

F ARk FERAF R TR AR
[5) 49 B 18] A 5 77 o

Large and numerous steam
supply and drain ports will
facilitate faster and more effective
air removal. During development,
determine at what temperature to
close vent(s) but leave open as
long as possible.

BXe, XKEWAALAHAIE

carefully controlled to counter
act internal container
pressure developed as the
liquid heats. This will prevent
distortion and rupture of the
container. In addition, the
heat-up ramp rates should be
set under worst case
conditions (full load of largest
mass) so that the steam
valve opening can maintain
the desired ramp rate.

AN 3 PR PER I S
A AT AL P S AR IR
AR S AT XA
PAG Gk 25 B b A s A sl L

B, REREREFMH (R
KEHE) REmAIAZF
FFiRERE, KA ATFERS
FHERGFRRE,

Visual confirmation of

to the SAM process. The
following parameters are
those specific to this process
BT AT EFAESR, BiF
5 R EMT R AFE LRSS
IZ, TASKAAIZNA

Chamber door is closed and
sealed; water of appropriate
quality enters the chamber to
a preset level. Circulation
system pumps water from the
chamber floor through spray
nozzles or water cascade
grid located in the ceiling.
Ensure spray nozzle
placement covers the entire
load configuration.
IEEITXAFEH; £FaK
HNIEE, EMAIL KT,
PEZR R GBI R R B A RE




Saturated Steam Processes

Air Overpressure Processes

AR L AHRAERIZ
Phase Hr& Pre-Vacuum M £ % Gravity Displacement £ /B | Steam Air Mixture Process Superheated Water
(Possible | (Porous/Hard Goods Loads, Liquid Az RAERARALIE Spray/Cascade
Load Type) Load Sealed Rigid or Non-Sealed Process(Porous/Hard Goods or (Liquid Load sealed i MR R IR E
(TREaY R Container) Liquid Load container) (Liquid Load sealed
HEA) (B 5 3F 694 S B2 S0 S0 RS R (sealed/non-sealed)) (A BARNEHRHES) container)
EARKNEHRAEBRIETHE | (RBENH®, BRAM R IRAK (RARKGEHESR)
%) 8 (FH5EFH))
used for hard goods air removal; | & 3 LA{% #F =% = 2 893k 4= 2 | container pressurization | # T3 6947244, HIE R

whereas, mixed or porous loads may
require additional pulses.

Bt PEFRERRIN AT, KB AALR
Pk o A KA R R A TR AR R AR
W E R T REMN LA, BT RN
PR ey AR IR S A AL A 1-3 AVAk
oA FEBIY XRT S E Y St E B
TR & B EIM G Rk o

Vacuum depth: This parameter
directly affects the amount of air
remaining in the load. To optimize air
removal for porous/hard goods
heat-up generally begins with a deep
vacuum pulse followed by a steam
charge.

AR R— AR BB aEETH
RAKRGEE. ARKT HED S/
TR s BT 0 R AETRE, fe Gl
WA d AR TS, B B HAT A
AR o

Liguid loads: Steam purge may be

F, FREIART, TR
T X A AR ERHFATF RS

Jacket Temperature: The jacket
temperature should be set at or
just below the chamber
temperature to prevent excess
condensate or additional radiant
heat causing superheated steam.
RERE: RERENZILENIE
FBERRIK, HilkdEARRS
RO FRAT AL, A 5 B A

If the jacket is set to far from the
chamber set point chamber
uniformity and temperature control
may not as tight and can cause
hot spots. This should also be a
monitored operating parameter
during operations.

WmREAEEHETRE RREZ, &
F K AR I T Red8 A S %

during the cycle may be
helpful in establishing
parameters during
development.

PR AL AT R B R AT H
A A TR ST A E

Lo

Ensure any trays used are
adequately perforated to
ensure steam/air/water
circulation.

B ARAE P B9 A AT — AR H A ¥
TRTIL, FKIiERAIZ A
KSVEER

Ensure uniform flow of the
steam air sterilizing medium
through the product zone by
adjusting luevers (if
equipped).

BREFRAIL GeRELE)
RARAARAHEANBL > &

B R BEATRE . AR AL
BB ABEANRARBE,

Time: Controlled based on
the water and steam flow.
B TR R A R LR ST
=4,




Saturated Steam Processes

Air Overpressure Processes

AR L AMBAEELY
Phase Hr& Pre-Vacuum M £ % Gravity Displacement £ /B | Steam Air Mixture Process Superheated Water
(Possible | (Porous/Hard Goods Loads, Liquid Az RAERARALIE Spray/Cascade
Load Type) Load Sealed Rigid or Non-Sealed Process(Porous/Hard Goods or (Liquid Load sealed i MR R IR E
(TREaY R Container) Liquid Load container) (Liquid Load sealed
HEA) (B 5 3F 694 S B2 S0 S0 RS R (sealed/non-sealed)) (A BARNEHRHES) container)
EHREYEHRAEZIFEFHE | (RBEOHR, BRAD S RRAK (RARKGEHESR)
%) 8 (FH5EFH))

accomplished through alternating | ®4&, #F& & Ra9H A, X— &
slight vacuum pulses and steam | g iz 238 4F i3 42 b 45 ) W de 69 4% 1%
purges during the heat-up phase of B

liquid cycles to ensure even
penetration between load items and
within flasks/tubes.

AR KRR AR L A IR ARG
IR 8 e B O BLSCH AR R AR ARG A K
AR AR E I, K RARIEE R A4
e 5 RMIE Z A FEAGH K,

Pressure: As more steam is forced
into the chamber the amount of
remaining air is diluted, displaced
from the load, and removed in
subsequent vacuum pulses.

E7: BTEEFTFARSZHKA, 2
KB M= ARITHE, BEWAES
Bk W 3t = A AT R A A R

Rates: This parameter determines
the rate of change of vacuum or
pressure. A faster rate will minimize
the cycle time but pressure
differentials or rapid steam flow can

X 3% #9348 Ko

Adjust air rates according to
pressurization due to
expansion of the contents of
the container during heating
of the product. The total
pressure of the container is
equal to the partial pressure
of the liquid plus the partial
pressure of the vapor.

HT A hIETEEAAN
B IR, F ARG R
WAELRRFE, BRERET
5 i k34 R A o kK 3
SR EFAR G

Adjust air rates according to
pressurization due to
expansion of the contents of
the container during heating
of the product. The total
pressure of the container is
equal to the partial pressure
of the liquid plus the partial




Saturated Steam Processes

Air Overpressure Processes

AR L AMBAEELY
Phase Hr& Pre-Vacuum M £ % Gravity Displacement £ /B | Steam Air Mixture Process Superheated Water
(Possible | (Porous/Hard Goods Loads, Liquid Az RAERARALIE Spray/Cascade
Load Type) Load Sealed Rigid or Non-Sealed Process(Porous/Hard Goods or (Liquid Load sealed i MR R IR E
(TREaY R Container) Liquid Load container) (Liquid Load sealed
HEA) (B 5 3F 694 S B2 S0 S0 RS R (sealed/non-sealed)) (A BARNEHRHES) container)
EHREYEHRAEZIFEFHE | (RBEOHR, BRAD S RRAK (RARKGEHESR)
%) 8 (FH5EFH))

damage items, packaging, and
wrapping material. Pouches and bags
can be damaged; syringes can lose
liquid; wrapping material can be
damaged due to overheating caused
by rapid steam flow.

RE X AR ATRENG®RA
R REMB, T EARLE, AhE
£ RPREGEHIARAT S, LRAR
OB M FHE R KRR L e
R LRI, E4 S E R
B, BRI

Hold time: Vacuum and pressure hold
times also serve to remove air. While
the chamber is held in vacuum or
pressure, air diffuses from the porous
substrates into the chamber. Longer
hold times can be used for membrane
fiter and items that must remain
wetted. Hold time can be as short as
possible for open containers and
other items that do not challenge air
removal.

PREFEE: B, A2 AfaE ) REH T

pressure of the vapor.

HT e hIEZTEEAAN
Bk, FRAREEER
WREARRE, ZEEREA
B AR 3 E A e kKR A
DR R AR Y,

Auxiliary fans, modified jets
or air jets may be used to
circulate air and steam in
chamber to provide even
distribution of heating
medium and to prevent
stratification. Steam will tend
to stratify at the top of the
chamber if not circulated
properly.

TR SR R, KRG
W B ARRH I E P4 A
Fo AT RIN, M ik B e
HIEAND GO, Bk
IEA o do R A AN AL,
W] 2K AT it 2 12 s E TR 3R A%,




Saturated Steam Processes

Air Overpressure Processes

AR L AMBAEELY
Phase Hr& Pre-Vacuum M £ % Gravity Displacement £ /B | Steam Air Mixture Process Superheated Water
(Possible | (Porous/Hard Goods Loads, Liquid Az RAERARALIE Spray/Cascade
Load Type) Load Sealed Rigid or Non-Sealed Process(Porous/Hard Goods or (Liquid Load sealed i MR R IR E
(TREaY R Container) Liquid Load container) (Liquid Load sealed
HEA) (B 5 3F 694 S B2 S0 S0 RS R (sealed/non-sealed)) (A BARNEHRHES) container)
EHREYEHRAEZIFEFHE | (RBEOHR, BRAD S RRAK (RARKGEHESR)
%) 8 (FH5EFH))

BHATFEGRET R SEELATATRE
KT T, = AT B & 5 6 R
Tl k. BT ERfF 2EFHE
KA B TERKEERE, ko BE
Foe O E BT E A ERPEK G
ou W BT AR R T A6 48 69 PR JE BT 1] .

First and second pulses: These have
the largest affect on air removal from
the chamber. These pulses normally
have the deepest (maximum) vacuum
level and greatest hold times.

§— kA KRR R Fe 2k
PR oF 3t R IR E A 692 AR AR Ko iX
B fkob 38 F B A R S AR KR, R
iAo,

Additional pulses may be added
based on the temperature profile
curves. Examples of loads that may
require additional pulses to achieve
requirements for equilibration may
include: tubing, densely packed
loads, dense fabric loads and filters.

AR

Overshoot/Overdrive: Use of
over  shoot/overdrive is
mainly used for liquid loads.
Overshoot is designed to
shorten the heating-up time
required for products which
absorb large quantities of
heat, i.e. large volume liquid
containers. The heat-up step
is accelerated by initially
setting the set  point
temperature higher than the
user configured exposure
temperature. As the load
temperature approaches the
exposure set point the
overshoot rate progressively
approaches zero.

FFE AR TP E AR
AEERTREER, TAZ
A T4HERERENE = Ry
Ao Bt a], e K A IRKBEE o
ERMNBERERELXEANST




Saturated Steam Processes

Air Overpressure Processes

kKA E AMBAEELY
Phase Hr& Pre-Vacuum M £ % Gravity Displacement £ /B | Steam Air Mixture Process Superheated Water
(Possible | (Porous/Hard Goods Loads, Liquid R 2 RAEZARAIE Spray/Cascade
Load Type) Load Sealed Rigid or Non-Sealed Process(Porous/Hard Goods or (Liquid Load sealed i MR R IR E
(TRe a9 & Container) Liquid Load container) (Liguid Load sealed
HEA) (Be B Z YRR F YT RS EHo (sealed/non-sealed)) (RARKGERESR) container)
FERRARGFHRAEBIFEEHE | (RBENH®, RAY % RBAK (RARKGEHRESR)
%) ¥E CFHEHEEH)
AR W &, T AEE %38 A R Sk 1% B % BB A9 3R AR e 1], A
YRR o F BRI KT R LB P2 K iR e AR, BT RERE
HERTHOE: BT, ORESNEK B mMIZE L, THAZRE
B BERREEATES. B TR,
Once the load is uniformly heated the
depth of latter vacuum pulses may be
decreased to keep the load at a
higher temperature to improve
equilibration time. The deeper the
vacuum pulse the more the
temperature of the load is reduced
from the previous steam charge.
Y B AT A G % g, T VAR
G A TP AL, AR ERLT
Beem g, Kmiks-ForatE. A5
BRAPAZ G AR, FRG WS E—k &
ARG 69 R e ARAR R,
Exposure # | Equilibration Time: The equilibration | Utilize some steam bleeds to | Stabilization Time: For liquid | Set point: The exposure set
fi time is the period that elapses | maintain a dynamic environment | loads, this is the period at the | point (dwell) should be set

between attainment of the minimum
specified sterilizing temperature in

in the sterilizer as additional steam
will need to be added to maintain

start of the exposure phase of
the cycle where there is some

based on thermal impact to
the product while assuring

the chamber (chamber reference | the desired temperature set point. | overshoot of the process | adequate lethality.
temperature — typically the drain | & F & &3m0y KA k44 P7 | temperature over the set | &z &: HEfk (K#F) &< &
RTD) and attainment of the minimum point temperature.  This




Saturated Steam Processes
WFfeKATLLT

Air Overpressure Processes
AHAEEIL

Phase Mr&
(Possible
Load Type)
(TREaY R

HER)

Pre-Vacuum # & 2
(Porous/Hard Goods Loads, Liquid
Load Sealed Rigid or Non-Sealed
Container)

(BB E W R/ BRI 50 B FH o
FEHRKGEHRREBZ R FHE
%)

Gravity Displacement £ 7 B4,
$A
Process(Porous/Hard Goods or
Liquid Load
(sealed/non-sealed))

(e B &N, RIS R
¥E CFHEHEEH)

Steam Air Mixture Process
KABRARSIL
(Liquid Load sealed

container)

(CRARARGEHESR)

Superheated Water
Spray/Cascade
it R
(Liguid Load sealed
container)
(KA RBYEHES)

specified sterilization temperature in
the load, as measured by the
slowest-to-heat penetration probe.
This period is an indication of the
ability to properly condition the load
through air removal and load heating.
Equilibration coincides with the start
of the Exposure phase of the cycle.

P B U] : e ia] R AR X B BEE A R
&AL E KRB RE (EEAERE—AHE
A RTD ARE) Aoik B K &R KA E
KR EZ et g, B AR IR
T ERERENE M AF X — B &
A G LR E A AR B AL 0 K
A TR A) G945 T o B e ia] B AA 3R
I AE P A A P B AY TT A5 B 1) AR — 2,

During exposure, the parameter of
most importance is the fluctuation in
chamber temperature and the
differential temperature across the
load. A sensitive product requiring
finite control over applied heat means
the establishment of criteria for
fluctuation limits between and within

TR BORRAL, TAR RHEE —
REBHRAEH KA RELT A
AT,

Set point: The exposure (dwell)
set point should be set based on
thermal impact to the product
while assuring adequate lethality.
R A EAR (BRE) REREIZ
ERIELR G AR EG RN, HIE
HE N T SRR ATIRE

Stabilization Time: Proportional
Integral Derivative (PID) control
valves normally require time to
stabilize once the sterilization
temperature band is reached. The
use of overshoot and/or heating
up transition pressure can delay
the Proportional Integral
Derivative (PID) program of the
control value increasing
stabilization time. As a result, the
first few minutes of exposure can
have higher variability. Therefore,

overshoot period is a function
of the design and tuning
parameters that affect the
chamber temperature control
loop. Temperature control
eventually stabilizes to within
the desired range. Duration is
determined by the load and
chamber size as well as
temperature  control  loop
response.

R 43 F ik Hm
5, RE B &4 BIF LA P
BN B FAE, i TR
BFARBERETRE. E—THE
B 1] BRI A iR B A A B
e, IR RESLEFDRA R
. W EIEFRAAECEINE
BN, FEER MR AT R
BAEE KD, ARIR B IS4
= $4-89 R o

Maintain pressure of air and

steam in the chamber
throughout the exposure

K 1% AEARAE AR 69 A T E 69 B
i, ARBRZ I F R mit
TR E

Superheated water provides
the maximum heat transfer to
the product. Continuous
water circulation and load
coverage should be ensured
throughout the exposure
phase.
WHAKARBIR KOG RS A8
8 dh. MEKMIK, HARIE
ERMBRENE ZEE,




Saturated Steam Processes
WFfeKATLLT

Air Overpressure Processes
AHAEEIL

Phase Mr&
(Possible
Load Type)
(TREaY R

HER)

Pre-Vacuum # & 2
(Porous/Hard Goods Loads, Liquid
Load Sealed Rigid or Non-Sealed
Container)

(BB E W R/ BRI 50 B FH o
FEHRKGEHRREBZ R FHE
%)

Gravity Displacement & 7 34X,
$A
Process(Porous/Hard Goods or
Liquid Load
(sealed/non-sealed))

(RRBENH R, RAD & RRAK
k& CEHHEEH))

Steam Air Mixture Process
KABRARSIL
(Liquid Load sealed

container)

(CRARARGEHESR)

Superheated Water
Spray/Cascade
it R
(Liguid Load sealed
container)
(KA RBYEHES)

individual thermocouples.
AT, REZHEAMAETNE
BEERFRBIAEGBE LGRS, —
ANE B AT A R A= H) 69 BORF
Se B A H BRI A EARZ A B A
W AR G B FRABLAT A

Set point: The exposure (dwell) set
point should be set based on what
the load will tolerate; In general a
shorter time at higher temp may have
the advantage to the load versus a
longer exposure time at lower
temperatures.

B B AR (R RE &L %ARR
ARBH R BRITIRE . 8 F B 1A ARAE
L ARR, ABEL T A K A9 3 Ak B 1] A AR
REGBEMmS, FTEREA A

Exposure Time: This parameter
should correlate with the set point to
deliver the required accumulated
lethality to all parts of the load.

A X — SRz G5 E 6 R

a stabilization time may be
required prior to applying chamber
uniformity acceptance criteria.

KA B : X2 RE R E WG, PID
=4 W8 F F B A4 TR, £
RO SR e I
HE R ) ] 38 e A2 52 B E) A9 PID A2
Fo B, ML ILH 4B
HEZHOGTEM., A, TRER
R 2 ¥ 9 W MARERT, §2—
AAe R B 1]

Overshoot/Overdrive: Use of over
shoot/overdrive: Mainly used for

liquid loads. Overshoot is
designed to shorten the
heating-up time required for
products which absorb large
quantities of heat, i.e. large
volume liquid containers. The

heat-up step is accelerated by
initially setting the set point
temperature higher than the user
configured exposure temperature.
As the load temperature

period.

Continue to circulate the air
steam mixture to prevent
stratification.

ERpdAE, EHETATA
A KRR RS o MERAE R
Fa AR A R B LA
o




Saturated Steam Processes
WFfeKATLLT

Air Overpressure Processes
AHAEEIL

Phase Mr&
(Possible
Load Type)
(TREaY R

HER)

Pre-Vacuum # & 2
(Porous/Hard Goods Loads, Liquid
Load Sealed Rigid or Non-Sealed
Container)

(BB E W R/ BRI 50 B FH o
FEHRKGEHRREBZ R FHE
%)

Gravity Displacement £ 7 B4,
$A
Process(Porous/Hard Goods or
Liquid Load
(sealed/non-sealed))

(e B &N, RIS R
¥E CFHEHEEH)

Steam Air Mixture Process
KABRARSIL
(Liquid Load sealed

container)

(CRARARGEHESR)

Superheated Water
Spray/Cascade
it R
(Liguid Load sealed
container)
(KA RBYEHES)

REFXFEAEEZELERGPITA HH 0L
B AE R

Sterilization Temperature Band: The
temperature tolerance range for the
load and sterilizer control. The
minimum of the band should assure

that the sterilization evaluation
temperature is reached and
maintained.

R R BB A R X &4 49
mE AT RN E VARIE
REHEFRA TSR

Jacket Temperature: The jacket
temperature should be set at or just
below the chamber temperature to
prevent excess condensate or
additional radiant heat causing
superheated steam. If the jacket is
set to far from the chamber set point
chamber uniformity and temperature
control may not be as tight and can
cause hot spots.

XBRE: RBBENZRENEET R

approaches the exposure set
point  the  overshoot rate
progressively approaches zero.
SR AR LRAZRBEGER £
ZRTiRAER, TR A TLHE
B K& ME T Se b MR, de
KBEZRARES . ERNHELIEE
Bk E A& TR B E AR e
B, Mmoo B, BT RE
BEFENEMILE R, TAERE
B EIEL TR,

During exposure, the parameter of
most importance is the fluctuation
in chamber temperature and the
differential temperature across the
load. A sensitive product requiring
finite control over applied heat
means the establishment of
criteria for fluctuation limits
between and within individual
thermocouples.

ERIAEY, REEHLAKAEE
NEESTFRBIAZGRLEN




Saturated Steam Processes
WFfeKATLLT

Air Overpressure Processes
AHAEEIL

Phase Mr&
(Possible
Load Type)
(TREaY R

HER)

Pre-Vacuum # & 2
(Porous/Hard Goods Loads, Liquid
Load Sealed Rigid or Non-Sealed
Container)

(BB & MR R h Rt EH.
ERBARNEHRREBRIFEHE
%)

Gravity Displacement & 7 34X,
$A
Process(Porous/Hard Goods or
Liquid Load
(sealed/non-sealed))

(RRBENH R, RAD & RRAK
k& CEHHEEH))

Steam Air Mixture Process
KABRARSIL
(Liquid Load sealed

container)

(CRARARGEHESR)

Superheated Water
Spray/Cascade
it R
(Liguid Load sealed
container)
(KA RBYEHES)

B RBAK, ki B A BR S THtaH
Hae, AmFHAALIH, wREEE
HIE T REEBIL, IEEH G AR
IEH T R AR B A5 A, IR B R
GRS

This should also be a monitored
operating parameter during
operations.

R— e ZEREIETHEALIEY
BAESH

B o —AFE R RAATA RAZ
TR SERE T LR LMD
18 2 18] B A AR 0 8B TRABAR
;ﬁo

Set point: The exposure (dwell)
set point should be set based on
what the load will tolerate; In
general a shorter time at higher
temp may have the advantage to
the load versus a longer exposure
time at lower temperatures.
Kb AR (RE) REREZ
ARF AR EREATIRE, BF A
BARAE, REAAR, AL TRKEY
B AR KR E RS, ST
EHREH A,

Exposure Time: This parameter
should correlate with the set point
to deliver the required
accumulated lethality to all parts of
the load.

AR XSRS EHFNE




Saturated Steam Processes

Air Overpressure Processes

kKA E AMBAEELY
Phase Hr& Pre-Vacuum M £ % Gravity Displacement £ /B | Steam Air Mixture Process Superheated Water
(Possible | (Porous/Hard Goods Loads, Liquid R 2 RAEZARAIE Spray/Cascade
Load Type) Load Sealed Rigid or Non-Sealed Process(Porous/Hard Goods or (Liquid Load sealed i MR R IR E
(TRe a9 & Container) Liquid Load container) (Liguid Load sealed
HEA) (Be B Z YRR F YT RS EHo (sealed/non-sealed)) (RARKGERESR) container)
FERRARGFHRAEBIFEEHE | (RBENH®, RAY % RBAK (RARKGEHRESR)
%) ¥E CFHEHEEH)
89 R BB FAL B EFE B PTA
S E9IRE B K.
Sterilization Temperature Band:
The temperature tolerance range
for the load and sterilizer control.
The minimum of the band should
assure that the sterilization
evaluation temperature is reached
and maintained.
KE BB B ERARE R &I
HOREARTICE. REBRE W
EVRIER B EF KRB TFER
Ko
Cool-down Dryness Assessment: Leaving an | Liquid loads: Slow exhaust or air | Air  overpressure  during | The  superheated  water
A environment conducive to microbial | overpressure may be used to | cooling is used to prevent the | passes through an
growth is undesirable. Also, there | slowly cool the load preventing | closure from lifting, vial or | external-heat exchanger
may be product or process reasons | boil over. Time, pressure rate and | flexible bag rupture. Cycle | where it is cooled at a

that moisture cannot be tolerated in
the load. Assessment of dryness can
be done visually on some types of
items or gravimetrically. Test methods
for this can be found in sterilizer
standards or defined by user.

TREITE: TR HRESREMEKR

jacket cooling can be adjusted.
R T Aedk IR A9 HE U
FALEEEERERGEBE, &
s MG . B, R R E e
kK EAHH T AR

adjustment should be made
based on product type and
container size. Smaller sizes
have a larger surface area to
volume ratio than larger sizes
and may be the worst case.

A EFHEALERTH

controlled rate. This water
removes heat from the
product as it circulates over
the load.

A point to consider during
cooling is the chamber
overpressure set point. It is




Saturated Steam Processes
WFfeKATLLT

Air Overpressure Processes
AHAEEIL

Phase Mr&
(Possible
Load Type)
(TREaY R

HER)

Pre-Vacuum # & 2
(Porous/Hard Goods Loads, Liquid
Load Sealed Rigid or Non-Sealed
Container)

(BB E W R/ BRI 50 B FH o
FEHRKGEHRREBZ R FHE
%)

Gravity Displacement £ 7 B4,
$A
Process(Porous/Hard Goods or
Liquid Load
(sealed/non-sealed))

(e B &N, RIS R
¥E CFHEHEEH)

Steam Air Mixture Process
KABRARSIL
(Liquid Load sealed

container)

(CRARARGEHESR)

Superheated Water
Spray/Cascade
it R

(Liguid Load sealed

container)

(RARAGEHESR)

8RS FIBE, RET TR STRET
Bey e R E A T LRE TR B ALK
o — Mty S b TR IRAE T BT A
M R E EAW WK Tk R E L&
RERR P AR,

To achieve the desired load dryness
the  options available  during
cool-down of a porous/hard goods
cycle include deep vacuum, jacket
heating, and pulsing.

ATEBTEGERTRE, THE
S | BRI Hp e 1 TR 09 4 2P I B T )
B HAT . R BB ARRIT .

Vacuum: The deeper the vacuum the
lower the boiling point of the
condensate remaining in the load.
Therefore, the vacuum can be
maximized based on what the load
items will tolerate. However, wet
pouches may burst and other
sensitive items may be damaged.
Vacuum depth and hold time are
generally user programmable and

For Liquid loads in sealed glass
containers,  Air  overpressure
(AOP) and cooling water can be
utilized to cool the load in the
same manner as a Superheated
water spray cycle.

CEE NP S 8 L X0
5, TAHAAZALE (AOP) #=
KApKat ERATAN, RAEL
oK AR A IR AR B 89 77 Ko

Prior to introducing cooling water
into the saturated steam
environment, the AOP should be
added first as the steam will be
collapsed quickly along with the
chamber pressure.

Fe 3 Fp K B N A R LIRIE AT,
BREEmNE AL R, REET A
AARE TR A Gk H#

Cool the load before door opening
AT RE E TR BT AH .

A EASEFRTE TR
RTMGORBE . RizhT
P R A A R B KR 3
TR, BRI EREERAR
LAk, BARLLE®E K, T
A& E E M

Reduce chamber pressure to
atmospheric pressure using
similar parameters as those
applied during the heat up
phase.

1% AR e 34 T B € 22 5 ) B8
AR SRR AR £ R 7] B %
JE o

Continue to circulate the air
to optimize the cool down
phase.

Y 5 IR E AR AL A T
o

A point to consider during
cooling is the chamber

important to maintain the
chamber pressure with make
up air (overpressure).
AT F I K
AR AR R T HAT
A, FHAKERBRFHAL
WA SR RE, AN RE
X EETLREL R, g
WA I AANE R REE R ) AEF
T2 (dE).

Air  overpressure  during
cooling is used to prevent the
closure from lifting (vial caps,
blister lid, or flexible bag
rupture). Air overpressure
adjustments should be made
based on product type and
container size.

Smaller sizes have a larger
surface area to volume ratio
than larger sizes and may be
the worst case.

AAIEFHETALIERNTH
Wb B AR P MRT H AR




Saturated Steam Processes
WFfeKATLLT

Air Overpressure Processes
AHAEEIL

Phase Mr&
(Possible
Load Type)
(TREaY R

HER)

Pre-Vacuum # & 2
(Porous/Hard Goods Loads, Liquid
Load Sealed Rigid or Non-Sealed
Container)

(BB E W R/ BRI 50 B FH o
FEHRKGEHRREBZ R FHE
%)

Gravity Displacement £ 7 B4,
TAE

Process(Porous/Hard Goods or

Liquid Load
(sealed/non-sealed))
(ReBE WIS, R & SRR
¥E CFHEHEEH)

Steam Air Mixture Process
KABRARSIL
(Liquid Load sealed

container)

(CRARARGEHESR)

Superheated Water
Spray/Cascade
it R
(Liguid Load sealed
container)
(KA RBYEHES)

can be adjusted based on the
dryness assessment.

A AREAR, RRPEREARYD
8k B, B, TRIFEREGY
FAEZHADERK. Ad, HEHER
AR A E, AR ST e 2
LB A= B AARI I 8 F T &
P 3EAT GeAE, FEARIE TR IR AE AT
R

Pulsing: Vacuum pulses followed by
pressurization with compressed air,
rather than  steam, enhance
evaporation. The compressed air can
also be heated with an inline heat
exchanger for further drying. This is
especially useful for porous/hard
goods rubber loads.

Bkt B4R ARG, &R AR R
mARAKA, ATHRARIAL, E%B
2 AL T CAE i AR AR 3k 55 AT Ao B
RATi#t—F TR - T THES
SR A s AR IR A H A R

overpressure set point. It is
important to maintain the
chamber  pressure  with
makeup air (overpressure).
AN BEREBEELER
o IR I AANL B I
ERANFFER (LE),

RITKRGOERE, RizET
e R AR A KR KA IE IR
TR, BIHEREESRAE
XAk, BAfrtkEk@mE Ak, T
AR E K.




Saturated Steam Processes
WFfeKATLLT

Air Overpressure Processes
AHAEEIL

Phase Mr&
(Possible
Load Type)
(TREaY R

HER)

Pre-Vacuum # & 2
(Porous/Hard Goods Loads, Liquid
Load Sealed Rigid or Non-Sealed
Container)

(BB E W R/ BRI 50 B FH o
FEHRKGEHRREBZ R FHE
%)

Gravity Displacement & 7 34X,
$A
Process(Porous/Hard Goods or
Liquid Load
(sealed/non-sealed))

(RRBENH R, RAD & RRAK
k& CEHHEEH))

Steam Air Mixture Process
KABRARSIL
(Liquid Load sealed

container)

(CRARARGEHESR)

Superheated Water
Spray/Cascade
it R
(Liguid Load sealed
container)
(KA RBYEHES)

Jacket Heating: Vacuum or pulsing
combined with radiant heat from the
jacket combine to speed evaporation.
The jacket should be set to provide
radiant heat to the load during
vacuum to dry the load. If the jacket
temperature drops during cool-down
the load can remain wet.

&k EAn e B2 RBKF B kB 4T
FAREL TR A K. RERIZIXREA
A% R BREE RS HAE, EATINA
TR R R R ERBE AL TP
T, MNEEMLETHEERS.

Liquid loads: Slow exhaust or air
overpressure may be used to slowly
cool the load preventing boil over.
Time, pressure rate and jacket
cooling can be adjusted.

R : TR AREHHARET R
FEENG EARE R RE, kbR
G BRI, R A IR B Aek B4 T
VIR .




6.3.2 Pressure Vacuum (Pre-vacuum) Cycle Development A A% (REZ) BHRFL

Methods for evaluation of the cycle are important to determine how to adjust and optimize the
cycle. An air removal calculation is useful to determine the theoretical air remaining in the
chamber. Individual load items may retain more air than reflected in the calculation. All
pressure units must be the same.

PEIREG IR Ty ik 3t T ik € de AT IR B A RACHE IR AR F %o 3 T AR 2 Lt A A T 5248 b
KRBEEENGE L. Gt R, ENEBRDSTREZR LSO IANEN $E
ZABF

[ Equation1 7 4% 1]

vpl  vpZ vpx
P = X X —— X 100%
spl sp2 ep

Where # %

P =Percent Air Remaining 7 & = 2. A 4 tb
vpl=First vacuum press % — X A= & 7
vp2=Second vacuum press % — kK A X JE 7
vpx=Final vacuum press &4 A= & /)
sp1=First Steam Press % — X &4 /E 7
sp2=Second Steam Press # — kK & AE N
ep2=Exposure Press ik /& /1

Example =11 :

2% = 6psia 6psia 6psia
P P P X 100%

— X — X :
20psia  22psia  25psia



7.0 On-Going Control #%: 3%

After completion of qualification for a CMP sterilizer, an ongoing program of sterilizer
monitoring contributes to assuring a consistent validated state of control. The suitability of the
sterilizer should be established as described in PDA Technical Report No.1. Requalification,
maintenance, change control, and periodic verification of the cycle should also be considered
as part of the life cycle control of the Sterilizer. Change control procedures should adequately
address issues such as a load configuration change or a modification of a sterilizer. (1)

T —/ N CMP RABWHING, RASHHLELEXL A AN THRIEERIERSOIEH —RKHE
BHYE gt T %A PDA BARMERLGIRAEHE, HIh, RIx. T ZId o2 AL 2%
AREE LS FIERG—H5  LRXEFEF ARG KA SO EREME T RL T
a1 A, (1)

System suitability evaluations are physical evaluations that can be performed on a routine
basis as a maintenance type of activity, and therefore can be defined and documented through
SOP or PM Procedures. Physical evaluations (e.g., chamber integrity or air removal) may be
conducted on a scheduled frequency to demonstrate ongoing control of the sterilizer system
and may he performed by personnel other than validation personnel.

FRE T HITE RIS, RBITHRAKR LA ES, HLitiEE SOP A2 5 F M e X
RIAA  WIIFAE LA TN IMB G HATRIEA KA R RGFLES, CTREBR T BIEAR I
AR JAT .

Requalification indicates a procedural process that would require a written protocol before
performance of a test. Requalification studies should also be performed on a periodic basis.
Empty chamber studies may be performed to evaluate numerous locations throughout a
sterilizing unit to confirm uniformity of temperature and pressure conditions. Although empty
chamber mapping studies arc typically associated with initial qualification of a new sterilizer,
the studies can also provide data to evaluate ongoing consistency. Requalification of the loads
in the sterilizer is a topic addressed in Technical Report No.1. (1)

LB BARINENARSTMNEAHEE EREZEN—AEFIE, FLFJELE A2 ER
THAT. TERALTRATHATIFE-ANARKBETNHT S 50H 8, RAFAINBEAET) FHHHY
Mo BARZESAARL—MEH KA ROREFHINA X, INFTRALRAIFEFE=H — R HER
HHE, RABAHNG T FEBRRE LT R AN 2L,

Control system settings should be reviewed at intervals defined by t h e internal requirements.
The review should encompass verification of the controller PID parameters for the sterilizer
and verification of the critical and key operational parameters on both the sterilizer control
system and the internal operational SOPs/master production records. Any changes to the
parameters should be investigated.

R R RIRE %8 A E B 2 64 1] [ B IR ) =R o IR % €L A R 2S48 ) 55 A H 00 A
ik, RES KGR %A NNIEE SOP 89 £ &7 it RO KB AN, AN E £ %
A 5o

Maintaining the sterilizer's computer system in the validated state includes change control for
software and hardware, and continuing calibration of critical and key input and output devices.
Written procedures must define system security, (17) storage and access to backup firmware
and software, version control, and audit trail. If the system uses electronic records in place of
paper records, assure applicable regulatory compliance.

ABRIERERARA BN LI ZAROLET i, PREREXEMAFMEEE. BT
A LM E L FRRR AN, Gift A& Bt fe it A= H Ao F it 32, mREAAAE
FIRFRBEM TR, RIEFEEIQE R,

7.1 Sterilizer System Maintenance X ¥ & %694 %

Preventive maintenance is important to ensure the equipment is maintained in its qualified
state. Maintenance planning should include what, when, and how to perform preventive
maintenance. Manufacturer recommendations, usage, and application of the sterilizer should



be considered when setting the maintenance schedule. It is recommended that maintenance
should be performed in conjunction with calibration. Typical items for maintenance planning
may include:

RS FRIER &L T RN GG RERRET RN, KA ZOUHERFAL, W], mfTitiy
MRIR. ARERIITRIE, RizFEEAZ RN, AR XA SO A . ZPURKZ ZELRE
—RPAT. —MBEIR XA B 45

*  Cleaning of the chamber, racks, shelving, and door 2. &F A& F L

*  Replace chamber exhaust filter #4%fx & HE AL &

e Lubricate door gasket (if applicable)id# IT# B (4= F &)

*  Replace door gasket(s)# #1774

e Vent filter is sterilized and / or replaced periodically (Recommendations on sterilization
and integrity testing of filters may be found in reference literature.) (18)
HALEZSRAEFNRLZ LN TREC (BB ELGEF LR FHEERTES TE
K

*  Replace compressed air inlet filter # 4% %45 = At LTRSS

e Steam traps cleaning and functional verification 7 % 3 7K & &4 /& /% = 2 f8 A4 A

»  Verify chamber pressure switches and door interlock function 4 5% s 4R & 77 45 4% 35 = 1] 49
BT he

e Cheek the compressed air / pneumatic system operation & & /& 48 = A F= 2. 51 & 435 1

*  Cheek the steam / clean steam inlet valves and pressure regulators
#E R ANE F R A NR AR A B R

*  Rebuild vacuum pump as needed % & &0 £ AT R

*  Cheek water and cooling water pressure and level #& & KA 2p K 6§ & ) Ao K 3 B

*  Check water control valve operation # & 7K 4= 4| %] & 1£

*  Flush heat exchangers B K 2 # & #% 35

e Cheek and replace valve seals/diaphragms # & fe 4 3 18] ] 55 3 B B K

*  Verify pressure relief devices function 4 5% %% & & 7 #%

e Verify other safety switches 4% 5= # % A 4 37 X

*  Check clean steam piping and chamber for rouging
e EEFRIAE RN E S

There may be occasion when corrective maintenance must be performed due to malfunction.
In this case, change control procedures should be followed to ensure the system remains in its
qualified state.

YHBEORARLEN, — R FRKELE. EXMHFL, TLEHERFLZRAGER AL T
SIS

7.2 Calibration & iE

Calibration is the comparison of a measuring device of unknown tolerance to a measurement
standard of known tolerance in order to detect and report all deviation from specified
calibration tolerance limits. (19) Calibration may include adjusting the instrument, or a
measurement loop, to bring the measurements to within specifications. (20) Equipment should
be calibrated according to a documented program that includes establishing appropriate
calibration intervals. Documentation should include sterilizer instruments such as temperature
indicators, pressure indicators, transmitters, controllers, recorders and limit switches (e.g. high
temperature and high pressure safety switches).

RIEAWFF—AKI N ZGRF BN ETRE L —NCelh Z9RERELE, RV/BREZ 69N £
TR, VAMEAR M Fo R4 BT A M £ o BIE T A L6 3 TR 69T 2, R85, LAEH RS
T RERIZARIEQLIEE A A ERIE B[R E 6 AR B RARIE, R ZOHERE—A, b
B EATE, RABTE, F5FEE, £HE, REXREFAX eFHEflGEL2FX).

Device measurement tolerances are specified by the instrument vendor. That information is
often used for determining the acceptable performance and accuracy of the measurement, but
in actual practice, calibration can provide greater than slated accuracy. For example, an RTD



element (as delivered) may be specified to be within +0.5 at 0°C. When the RTD is connected
to an adjustable transmitter, the RTD tolerance can he eliminated, thereby providing an
installed system accuracy that can be maintained within tighter specifications.

R &AM A E MBS AL, TKAS &8 F AR THET QMW F N ML, 125 15F
#AEL, BRERRE AL —HHE L&A, thde, —ANEIRRIEE TR £ T A AL E £
05 HRAEMN. SEMARETHAT KA EEE, ©RXEETORERBUNR, XHFBTR
KRR — DR AAEARSRT v

Calibration of a single device is measured against a reference standard that is used to verify
accuracy across the range of operation tor that device. For linear devices, it is common to
perform at least a two-point calibration at the range of use low point and high point. Nonlinear
devices may require additional calibration points throughout the range of operation.
BAFEREMNEERFAEZRE, BFBIEEORERMATHE S TERBEE, ERIKE
Fogx @ BTLE N E T AT A SRR, ERMEEETRE EHSORE ST FRIETLA,

Each device can be tested to a reference standard and adjusted to within acceptable
calibration tolerance. Calibration of a loop takes into consideration the individual
characteristics of each device that comprises the loop. The collective calibration tolerance or
acceptable tolerance of measurement for the loop should consider tolerances for all the
devices in that loop.

FAFKE AT 5 F IR T XA B A 7T 3 A IE AR £ —ANA AR 9% I8 6 A X AN
T A — /N R E G EHE  BAARAIEAR £ S X ANPE IR F 6 °T 3% M £ 9% F 8 A2 XN AR
TR EE

Instruments that control and monitor critical and key parameters on a CMP sterilizer must be
maintained within specified limits in order to comply with regulatory and process requirements.
(16) Each instrument should be assigned a unique identification n u m b e r that can be used to
document its calibration and History of compliance. When purchasing a new sterilizer,
determine if the manufacturer is willing to use your company's instrument numbering
nomenclature m the documentation supplied with the unit, which would alleviate the need to
translate instrument numbers upon entry into your calibration system. Assure that your
purchase specifications address the instrument accuracy required to meet the needs of your
particular processes.

ATHFEAAIEETLR, £—A CMP XH & 09424 &4 N Ffo X4 S R BE 2% £ 89 TR
BRI BAMLE 488 — AN E—IR A, T B T XAALREA) LITRGI T, SWE
—ANFT G R 35 40 € ) BB FAE B 5T 8] B9 LE G 5 o G R A G ik AL BT R AR A A, X
5 BHF TR GG FCF A NARGIAE R R S BRAR GG W KA He bk BT 6935 A B IR B 4%
7 ERKegiEAE,

7.2.1 Calibration Records & JEi2. &

Calibration activities and results should be recorded. This information is typically recorded on a
form or may be maintained in an electronic database. The record should include basic
information such as:

BEFENAERD BHILTK, ZRELE—RILRE—NERRELE—ANRKEEE,
X FE R iZ IR R AE L

*  The device manufacturer, name, tag number, and location
NEEZH, oM, WEMKE. AHIEE

«  Operating range and calibration points #& /£ 5 B A=Ak 18 & &

- Identification of procedure used to calibrate the device A T A 1AL S 4912 5142 5

*  Accuracy or allowed deviation from standard that triggers an adjustment

+  Out-of Tolerance deviation that triggers an investigation

- The 'as found" data and "as left" data 4 7 WX 2 & F= 42 )& M) X 3 48

. Identification of the reference standard(s) used to compare field measurements.ik 5 &%
ik, AT EHRATLE



. Identification of the person(s) that performed the calibration
AN Ao PAT AR IE

. Date of calibration, and date next due for calibration
ARAE H B Fe T /MR IE 2 69 B A

The "as found" data are the measurements of the test device that are recorded and compared
against a reference standard before any adjustments. The "as left" data is recorded to
document results after adjustment.

AT AR B R A R AT IR R AT T R A 5 A XAREME TN EE B R T AL B HELA
BB ITE LR,

Calibration records should be reviewed and approved by a subject matter expert, and
depending the organization's policies and practices, the Quality Unit. Documentation should
be available that includes procedures to describe when and how to notify departments when
"as found data is outside the stated accuracy specification, and how to evaluated the impact to
product or process.

RERFKEZR—NA X ELE R AR, REINMNMAGBEAEER, AEELT, LHL
ZRAA A, OAREFRE S KAKBEL L EARREABRE T EH Aol T8 LA X301,



8.0 Document/X_ 4

Validation is a lifecycle process, which relies on the content, quality and up to dace
documentation to enable the 'validated' status of systems to be demonstrated. The following
section is intended to give a high level overview of the types of documents that would he
expected to be generated for a moist heat sterilizer system, and the purpose that each
document satisfies within t h e validation lifecycle.

WER—ANAG AR, REARL. R I HRCRIENG R ARIERERA Th. T4
AT H 4 BAVE — R AR — AN KRR, A TIRAKE R A& 4, QIR E 4 51
B FEA AR iR & .

It should be noted that although the general validation lifecycle is recognized, there is no
universally agreed approach to validation. Appendix C provides typical documentation for
design, cycle development, qualification and ongoing maintenance of sterilizer systems. In
general, however, the following stages of the validation lifecycle should he documented, using
good technical understanding of the product and process requirements as the basis for the
development of a sound validation rationale

RIEFED RAR A BIEA G AL ?}’i«f%ch ’fafizlﬁ 1\,1}\[‘]‘5/377‘137%941& AppendGC
ARG LT — M, AIMAE. A RA S R 484 o — Ak, —TFIIEA S B IZ
MATE, R E e RIF O RRE @A I A2 F ]‘»4’F7’7¥25&:z’%5§§<£ ik,

«  Planning X!

+  Requirements & £

*  Verification of design

«  Testing and Qualification M X F= %A

The validation strategy is defined in master plans and test plans. Specific activities with
respect to design qualification (DQ), installation qualification (IQ), operational qualification (OQ)
and performance qualification (PQ) arc described in standard operating procedures or
protocols.

I Rk AR SUAE IS E E A R A X R . BAREY F 3L R (DQ)e K AIN(IQ), B 4T
I A (OQ) At A8 (PQ) T Fiditk 89 47/ ARAEAZ - AL o

Validation activities are typically managed through approved protocols with acceptance criteria
that arc related to the requirements. Test results are presented and discussed in reports and
should include any conclusions and recommendations.

I0E ) 38 B i A8 K B KGR T AR GG LR AR B I AR P AR Fe i it R M) X 4

R B ZOE— R F DL

The content of the documentation generated for a CMP system would be expected to be more
detailed than for a non CMP system. The use of supplier documentation may be considered as
suitable to support the end users validation requirements provided good documentation
practices are followed and the CMP requirements of the user are satisfied. This may include a
quality review and approval of the supplier-generated documentation.

3 F—A GMP # % A6y LR Rk —/A3E GMP R A £ ifm. XA O E—NRE DM
Foflh 7 7 A R ARG LA

Historical documentation related to system performance (e.g.. maintenance), as well as quality
systems management data (e.g. deviations, CAPAs and change control) should be periodically
evaluated. Periodic quality review ensures t h e sterilizer performance remains consistent with
user requirements, specifications and previously validated conditions. Any compliance gaps
that arc observed can be appropriately addressed. Lifecycle concepts ensure that the sterilizer
is maintained in a continuous state of control.

HREAGMRG DL AoZ R R ZAEELE (eih 2, AES5MGHE, TR) —HF, &
RLZACE AV . BRI ERARIE R B B MRk A P E KL LA ATIRE R AR — AU
AR B A4 AT S ALY £ AL A E L AL 3T, A o B AR PRIE R B 2K 42 40 RS T AR
7o



A list of typical documentation for design, cycle development, qualification and ongoing
maintenance of moist heat sterilizer systems is shown in Figure C-1 Documentation.
WA LA TR, BHRFR. AR RRES RANEFSE L ZE C-1 LA,



9.0 Appendix Mk

Appendix A Design Considerations & ## B FR

The following are elements of a moist heat sterilization system that may be used as guidelines
for design and testing this system. These descriptions are points to consider and may not
necessarily be all inclusive.

TARAERMAREA Z AT AR XA R R T FLEBERATEZEFENEL, HA—ER
A8,

Chamber and jacket Considerations:
JER AR K EH EERN:

*  The chamber is typically a rectangular pressure vessel with radius corners or cylindrical
construction. The autoclave should be positioned so that condensate flows towards the
drain.

REARB T A — AN N A G HET R ) BB BB AR 454 . & B R AR S &I B AR T4
%K HEA o

+  The chamber should have sloped floors and penetrations to minimize condensate pooling.
Baffles may also be required to deflect condensate to the chamber wall and provide even
temperature distribution. The chamber drain should have a debris screen to prevent
broken glass or other materials from entering the drain line or vacuum system.
JEAREG R E R BARFHAR T B FE VAR KRG R T AB KR E. R E ZFRmIEA 5K
A B NS AR B A BRAE IR 0T o REARHER O B B — AN R AR R EAHE K F %
RAZ BRI I R AAA IR

+ Asingle or multiple validation ports should be on the chamber to insert thermocouples or
load probes as required.
etk Lg B 2E—NREANBRIED, F R0 HRAENREARRFERIK K

*  The chamber is typically insulated to prevent heat loss, provide better temperature
distribution, and provide safety for operators and maintenance personnel. Figure A-1 is a
typical rectangular chamber for a moist heat sterilizer.

AT M RARK, R RIFRE S AR A RAEF e 17 AR RAEIRA, IAREF 2R H
89, B A-1 R —ANE MR E AR 69 A 4B S I 4K,

Figure A-1 Example of Sterilizer Chamber
A A-1 XEAERAR R



Figure A-1 Example of Sterilizer Chamber

Radius Corners r

Validation Port

Steam Baffles

Removable
Chamber Rails

Chamber Drains with
Sloped Floor Removable Screen
Safety Restraints

Steam sterilizers typically have a steam jacket to insulate the chamber and improve
temperature distribution. When a steam jacket is present, it is ordinarily operated at lower
steam pressure and temperature than the chamber to avoid superheat.
AARFEBFEH —ANAARERBBERIRSBES> F. ABLTHR, KEHKAR
AR IR 7] Fo i 38 F PR AR B K

* The contact part of the chamber for sterilizers is typically constructed from austenitic
stainless steel such as 316L or 316Ti. The jacket if applicable is also an austenitic
stainless steel such as 304, 316L or 316Ti. Carbon steel may be used for the jacket if
plant steam is used for jacket heating. However, use of carbon steel in contact with
stainless steel may result in corrosion of both the jacket and the chamber especially
around the contact place. Other chamber materials include nickel clad carbon steel
(used for highly corrosive media solutions). The chamber surface may be treated to
remove weld discoloration, to facilitate cleaning and decrease the risk of corrosion.
R A AE AR 0 4 ik 20 48 F B L KARTES 4, e 316L 2 316Ti #ik. XTIk, REM
AALATHEM, Fldo 304,316L K 316Tie 4o RAEF T KAA R E#H, KEBFLTURA
HEM. A, EHEREMEMIMAE AR ETRNEFHEB UK, 52 EMIFAE
S i MM OISR (AT EHEEER) . IEARE Bl TALRIFEARE,
5 T iFF AR Y b %,

Weld discoloration should be minimized by appropriate welding techniques and materials
to minimize potential risk of corrosion
WY TFERRR KRR IFEARE, KA SEGMHH R G HERE,

Since sterilizers use saturated steam or heated water at a pressure higher than
atmospheric conditions, the chamber and jacket are built to an acceptable pressure
vessel code. Local regulatory expectations should be consulted for applicable pressure
vessel requirements. The chamber and jacket should include a code appropriate safety
relief device such as a rupture disk or relief valve. Safety valves should be piped to a safe
location.

BT REAR A KARTR/K, BEhfekEg SxBE)BREQTFEFE, £RATRE



BENERXEAF LR BEEHNE, BRI kRN S QELEBEIRE Pl A SR E
ey &EfRE. BEME Y ZRE-NEENLE,

+  Common pressure range for sterilizer chambers and jackets is full vacuum to at least
35-45 psig (2.4-3.1 barg). The pressure rating will depend on the cycle temperatures
required and if air overpressure is used. Proper high pressure safety devices should be
used.

REAEE Ak B EF R ER AL L% 5 £ 35~45 psig(2.4~3.1barg). /£ 71 F &M
RETERNELRBEARRGHERATEZT R . REFERASENTHELLESE

Chamber Door &4k 7]

*  Chamber door may be sliding type or swing type. Sliding doors arc the most common type
in modern steam sterilizers. Below are features of each type door.
IR B2 F8 X &R, AREKARAERFTLEAFHIT. ATAFAN LA G4
&

SN o

Sliding Door F#5 11

. Door slides on a track. Space should be maintained at the side, top or bottom of the
sterilizer for the door to slide
1B ESE T4, RAERGME, ARG S-F449 =06,

+  +Door is typically automated using an air cylinder or door motor
WEE AR ARG LA A

» Door slides behind fascia and in front of wall seal. Provisions should be made to allow
cleaning of surfaces between the fascia and the wall seal.
IMTAEREME FEIJIEA-FH. BE AT AT FENERAE G e & @,

+ Door has a safety feature to prevent closure if obstruction is present when moving in
either direction.
MAH—AN2eEE, Sut—TaHsh K AR T AT XA

* An active (moved by steam of compressed air) door gasket is typically used with this
design.
XAPIR B E R B —ANES (ARG T AKRAES) F3HE

»  Figure A-2 shows a typical sliding door with locking pins.
B A-2 B — /N AR B A -FAS ]

Figure A-2 Example of Sliding Door B A-2 F#17] % 4]



Swing Door 7% $% 1]

+  Door swings on a hinge. Adequate space should be allowed for the door to swing open.
15— ANk st %5 H R A6 0 AF =447,

. If a sterilizer is placed in a pit and a swing door is chosen, then a means of swinging and
raising the door should be considered (e.g., hydraulic lilt)
e RBERAEAEA—NTIGEFERZSE], BEFEFSRAEHITOTE Geik/E).

+  Door is typically manual although motorized doors are common on larger vessels. The
door can use radial arms or mechanical closure to press the door against the gasket
(static design).
REAHNNFRLTARBEE, RALEBFERNFHRE . 11T AR R EEH R X ]
FREREIFNBAFEAXN (FHEL)

+  Static gaskets may be changed less frequently than active gaskets and should be
manually inspected.
HEFEHBAEHREHEHBANLANE, T2FIEE,

*  Figure A-3 shows a typical swing door unit with locking handle.
B A-3 BT —NEBGAA L5 FAaehiess 1 E L

Figure A-3 Example of Swing Door B A-3 7451754



Hardware and software interlocks should be designed to assure safe door functioning. This will
ensure the door cannot move during normal or maintenance operations. A door should not be
allowed to open if there is pressure in the chamber.

Rt B B A BRI 89 2 2T e o EAFRRIEAL B BAF R L TAZF TR ES 4o
REWRAFET, TAFFIT.

Door Gaskets 1% 3t B

+ Door gasket typically extends against the chamber door by pressure or steam (dynamic
seal).

EHEBFAHTREERTERD RAAMERTREY RGEEEH),

*  Wear, loss of lubricant, or debris can impede movement of the gasket, which can cause
an inadequate seal, or the gasket can become wedged between door and chamber when
the door tries to move. Gaskets should be lubricated and/or changed as required to
provide proper operation.

FHE KR, W RRS, RALKHRLMREHBOSY, FREHTLEY, L LK
HF e, FEHETRIMKAE AR B, RBIREE ZHBIRLRENE,

+ Active gaskets are easier to change and maintain and may be monitored for integrity
using pressure devices.

EANEINBILRESH R WAt dp, TUMRAENRE B EFE G T LN,

+ Figure A-4 depicts a typical active door gasket, which is a polymer suitable for contact
with clean steam (i.e. silicone is a common material for door gaskets).

B A4 A—ANRRGEHNTEHNE, §—HESRFFRAZMOR DR (R Z
%3 B A — A F LA .

Figure A-4 Example of Active Door Gasket B A-4 #&3) 11 5% 3 B =49



Door Gasket

Clean steam and filtered air both have advantages and disadvantages when used with active
door gaskets:
EHRAFAAE AL EHVEHE AR A& O Rk E:

*+  The steam or air that drives the door gasket is not in contact with the product however a
leak could occur into the chamber from this area. If either leaks into the chamber the
sterilizer could have uneven temperature distribution.

RATVEHBRART ARG i, AREARGEINERTRA LR, Rk
IR AFRRAEGRI TR,

. In order to ensure a tight seal using steam, the steam pressure to the door gasket must be
set higher than the chamber pressure creating localized superheat near the door gasket.
1 R KA AT RT3, IR 53 B A9 KR ) oL AU R B P BUE 3 B I B B T
IR S &5,

+ Depending on use, steam is more aggressive and can hasten the degradation of the
gasket material and remove the lubricant, creating leaks and/or a jammed door. This is
typically an issue on the sterile door where a seal is maintained for longer periods to
maintain clean room pressure.

WABAE R, AARG A ZSNE, T Adeb 3 3 B ARG TR AR e iRk, R AR
File ARIMBIREEKIT R G FHRERZTFEHES .

One alternative to minimize the impact of steam on the door gasket life and gain the benefits of
steam in a leak situation is to use an air in stand-by system. With this system steam is used to
activate the door gasket during the cycle and air is used when the unit is in stand-by to
maintain the sterile side seal. This provides the benefits of using steam during the cycle by
maintaining the sterility of the groove and preventing a potential air leak. It also minimizes
steam contact to the gasket prolonging its useful life.

BEREGFLT, RYBRANNTEHBEGR 005 X2 ERNERNREHT L. BEEXANRL,
EETF ARSI EE, 2 ARRRBELEANGE 3, BT T 45 040 LHE M A
PR PR B AR AT R AR b 097 A iR, BBt ) KAR F3tB 64k, 2 KERE
84k R Ao

If filtered process air is used, concerns about gasket air leaking into the chamber may be
alleviated in one or more of the following ways. 1) Air to gaskets should be operated at equal to
or less than the chamber pressure during the sterilization cycle. 2) Monitoring the
temperature/pressure relationship for saturated steam condition.

I RERNTERGTLZA, AT —AREATETAREE I E AT Uik Isikegi2n: 1)



REABFFEHBEENETFRDTFIBERES ., 2) LMllafRK A0 BEREN%(F,

Piping Design Considerations & #% %2 &£ 0

»  Materials of construction and internal surface finish should be specified to meet the needs
of the process.

MRABR RN R @ AT ELRHRLILE E,

»  Piping should be sulfficiently sized to provide adequate flow to meet process requirements
and standards applicable to the process such as those found in literature. (16, 21)
FHEHRTEYRRBEABYAE, ABRLIELERXUARERN T LK (16,21) F T4
o

«  Valves should meet process requirements (e.g., air actuated stainless steel piston style
for steam and sanitary ball, or sanitary diaphragm type for other connections)

WIS HRTEE R4, AALRAEEITHMN, HLibikizi AT A& LR R R (8
&),

* + Steam piping should be insulated for safety and to minimize heat loss and condensate
formation
AT Z AR AR K B BRKTS &, RIAE S EATRIBAIE,

. Insulation should be non-shedding and chloride-free if stainless steel piping is used
o Rk AR E S, RIEM AR S L AL E,

*  Pipe slopes should be adequate to promote drainage and condensate removal
B S — & A A T T KAk B K B HEAL

+  Deadlegs should be minimized
BEREIRIA

. If process requires WFI, deadleg piping should allow purging

c RIBFEERNEIHAK, RAAEHE S KRS

«  Utility cross contamination risk should be minimized
N R R F A R ML

*  Welds should meet applicable materials and joining standards
VI it RIE ) B A AT A BT IR AR A

+ If the incoming steam pressure is above the manufacturer's recommendations, additional
valves (e.g., modulating steam, pressure reducing, pressure relief, shut-off) should he
considered.

e Rt KAE AR R EBUE, 25 F 84 A AR Ge A AR R, sUR R,
R, AR D .

*  An appropriate thermostatic steam trap combined with floating ball should be used to
quickly remove large quantities of air and/or condensate from the chamber.

. AT RBBRIEARY KER A /RAEFK, ZHixH—/NEEEBE X AKRARLF R,

Sterile Air Filter £ B = A1 E %

. Use of a sterilizing air filter for atmospheric vacuum break or overpressure cycles filtration
may be determined through a risk assessment (2) for available tools to perform risk
assessment.

BAERFEHERN T RKAAZEHHRRZOLEZT LLE S RALEMBEIFRTIEGER

+  Terminal sterilization processes typically do not require an air sterilizing filter
LI RALEAFAEEALA T ALLEE,

«  Sterilizing air filters should be considered if unloading into an aseptic environment
I RHBEALATRL S FERALH T LLES.

+  Filters should be integrity tested (method and frequency according to the manufacturers'
recommendation)

S BT EENR (FEAREAF R T EB).

»  Filter housings may be stainless steel or disposable
R B It A RB MR — R,

»  Filters may be sterilized in place (in-situ) based on application
FRBTUAEEKRA

* Redundant or serial filtration should be determined through a risk assessment



R %8I R 4 A 2 A IR R S AL
*  Aseparate filter should be used on the vacuum pump for the heat up phase of an effluent
decontamination process
BB REARL I IALG N B AR R 289 LR B
Figure A-5 depicts stainless filter housing with ports and valves that allow in-situ sterilization
and integrity testing.
B A-5 F5E KA R Fodm 0 69 7T VAR & R A7 B0 K 69 108 35 4k e

Figure A-5 Example of Inlet Air Filter B A-5 # v % R it & 8 £ 4]

3 Y

0.2 Micron Filter
Housing

Filter Integrity

Test Port Isolation Valves

Vacuum Pump (if presen) A 2 & (R 5 4)

*  Vacuum pumps aid in efficient air removal mechanically
H BT AR B ETR E Ao
*  Vacuum pumps are typically a liquid ring type
BHEAERRIFXAEZE R
+ Acondenser may be used to decrease steam volume before the pump
T AE & RAE T —ANA B35 R R AT 89 K AR AR
+  Closed water circuits with cooling reduces water consumption
K)ok 2 K 3 R AR K T 4
*  Water temperature and elevation impacts vacuum depth and process efficiency
KGR & Ao S R A B AL AR

Figure A-6 shows a typical liquid ring vacuum pump
B A-6 A — A A IRF XA TR

Figure A-6 Example of Typical Liquid Ring Vacuum Pump B A-6 A% IR XL 5 K L5



Vacuum Pump

Instrumentation and Controls Considerations L & Aoz #] F 7

A local control panel may include A .4z #| & 4k €15
«  start/stop FF45/4%F .k
+  emergency stop 1%
«  door control 174z %]
+  pressure indication (chamber, jacket) &/ 27 (IEF, &%)
«  temperature indication (chamber, jacket) & 27 (EE, £%&)
* alocal printer provides numerical data of the cycle
— & AHeATEP LR A R B A 69 BAL K AR
* achart recorder that provides a graphical representation of the cycle
—tRARZTERERA [/ HHAN 27
« audible/visible alarm indicator # iR % 2 =%
* alocal Human Machine Interface (HMI) that allows
— & AKHAIT T, LHF

+  selection and start of different type of cycles.
BB AR A K69 KA B A
+  cycle programming X # & #1442
«  maintenance functions 447 7 #%
+  Cycle status and alarms scanning X & Ak S h Z 134
« acycle report print initiation 47 £F X # J& #A4R %

Figure A-7 Example of Sterilizer Control Panel with HMI, printer, chart recorder, and
door open/close buttons

B A-7 # HMI, 3répdh, BRIEFER, F/IRITHANXRBZHHF



HMI

Chart Recorder

Printer

Door Buttons

A programmable logic controller (PLC) is typically provided, to control and monitor

valves, devices, and instruments. The PLC usually interfaces with:

— AR PLC Al T4 5], HEAMNE., PLCHEO A :

. Human Machine Interface
ABIRE

+  inputs and outputs via direct wire or field bus communication device i it # £ 3,
W R RABZIRE M AFRE

. integral printer to print cycle data
N EATEP ALK AT EP R B AR A AR

«  The PLC may also communicate with an external control systems to PLC 4.7 ¥4 =4
AIH R Rl fz, KA
«  confirm password verification. A % 25 & E
+  download cycle recipes. T # X # & 4187
+  provide for data storage 421 £ 4% % fi%

. Critical data should be controlled and documented (e.g., printout, electronic storage)
according to applicable regulations. (22)
AR E Bl AT K XA B HITR (BldedTep, o T4,
*  This critical data may include
KEERIET R OL45:
+ date, time, load, lot number, batch information, program, temperature, pressure,
cycle phases, duration, alarms
B, s, F&, #5, WEE, A5, BE, B, RAAETXNE, XA
R, R

The unload side of a pass-through sterilizer should include:



TR E AR M E 203
« acycle indicator X# A # 2 =%
« analarm indicator g % %
«  door control 174z %!
+  anemergency stop 1%
«  chamber pressure indication i £ & 7 2 7

Functions of the sterilizer should include but not limited to:
R AE G Ty e B QLR TR B TR T

* automatic stop to a safe condition, on specific alarms
8 B4 RE N A IF LK B A RS

* local display of alarms and acknowledgement
A R AR E Ao AN

»  password control to different levels of access control such as:
B F R FEALIES], Flde:

*  Administrator (e.g., parameter and password control, software programming)
TR (Pldef iAo Fmizd], KAL)
. Supervisor (e.g., cycle programming)
BER (Bl REAALSF BAL)
*  Technician (e.g., maintenance, calibration)
HAAR (Bldmtid, &5)
. Operator (e.g., cycle selection)
BlEE (Bldmik 3% K E )

*  Temperature control system may include:
BEEFR RART RO

+  Load probes ¥ #1% %
«  Drain probes #F K45k
«  Pressure control system /& 77 24| & 4

»  Proportional steam control valve (optional) »% HeAs) & 4 4= %1 & (7T i)

«  Dual temperature probes ## & & 4% k&
«  Temperature Recording /& & 1% 4% 3k
«  Temperature Control 7% & 4= %] 4% 3k

. Chamber pressure indicators on each door
BNV LERESN ZTS

. System valves and instruments should be accessible for maintenance and calibration
RGN 1AL T 5 T L4 Fo ki I

. Utility (e.g., steam, air and water) pressure indicator and switches
MR IAE (Bldekit, RAAK) EHRFERFX

Utilities Considerations» A X 7% T :

«  Steam & i4:
+  Steam Quality (See Section 5.2.1.1) and type
RAhE (AR 211) F=£A
+ Plant steam can be used for non-product contact sterilizers, heating jacket or
integral steam generators.
TURATATRERZDORA SR, mHARERERXKARLLS
*  Process steam may be appropriate for moist heat sterilization of liquid loads



where the containers are filled and sealed prior to sterilization.
IZARATRATRANEMRRE, BEAREZAELRKIFEH

Steam condensate may be cooled or recycled hack to plant steam. 7 4% %4
ST ARA A0 R DI Tk AR

Steam supply lines must be sized for peak demand

AABE AR T RHBESEE K

The steam supply to the sterilizer should have a local steam trap just upsteam of
the sterilizer steam control valve(s) and pressure indicator.

57 25 R B AR 69 2K 742 8 R A 4B 2K A A= %) IR 1 Fe R ) & 69 L5 A 5K IR

Local steam generators may he used in lieu of a central steam system. Figure
A-8 shows a typical integral electric steam generator.
AHAARERZTURNTHERETRARZ . B A8 ETT —ANRAMGELGE
NEARES

Figure A-8 Example of Electric Steam Generator B A-8 ¥ 7 & 4 K £ % 694 -F

. Electrical %

Three phase power

AR

Control power from an uninterruptible power supply (UPS) or generator
backed-up

A% RS 1] W7 e R A R R AL

Transformers for instrumentation (e.g., 24 VDC)

Water tight enclosures on electrical control boxes

WIS AE 69 5 K 5 3t

«  Instrument Air SLE& A &

Sterilizers may use electrical actuated valve that may not require instrument air.
KE S TR RN CER T mRE R A

Instrument air should be separated from process air, before sterilizing grade
filters to avoid contamination

BERAAFNRERIESEI LS T LR ATl T 5



«  Process air T¥ B 4

process air when needed should be :
W REETLARTIZA:

e dry T4

+ oil free Lk

«  of sufficient pressure % %% 7

» Cooling Water %-#p K

Often city water, clean recuperated water, closed loop cooling systems is used
for.

FRAFTRK, FADWK, FERARBRANZL

*  liquid ring vacuum pump

*  jacket cooling
kB4

*  drain cooling
HeAKAp

*  cooling the load via heat exchanger

i T A5 A AP B AT
When used for cooling of liquids in sealed container. (i.e., terminal sterilization),
the primary quality attribute of the water used is the microbial content of the
water.
LR THHEE FPayiRAd e (Pl RERE), 1£AGKG 2R H5AHAR
EXV

Other Considerations £ ¢ ¥ 7 :

Floor Drain #
+  temperature resistant & #
«  Drain Air Break to prevent cross contamination
N 5) i R
*  Should be segregated from dean room
SSRERE e S
Exhaust hood/HEPA filter on the load and unload side
FHRAHBEMGHAE/FH2E LLES
Loading and unloading environment should meet requirements of the process
as well as local applicable regulations
FHEAH RN HR T L ERLFFE G HEN
*  Sample ports for steam condensate and Steam Quality Testing should be
accessible and safe to use
AAKXBAKF K AM MK B O R S B4 Al 2e,
Local steam generators may used in lieu of a central steam supply & 7% % & £
B ABREF KAEE

Installation Considerations % £ % &

« Ingress and Rigging: # Af=% £

Ensure the sterilizer can be transported to and installed in the designated
location. Installation considerations may include:
WIER BB G BB HA R EINR LR, REF LR IEATHE:
*  Facility Wall and door modifications
A SEE RN €5
«  Sterilizer modifications (split construction to transport to installation site)
REAEHE (@ B2 RKAY)
*  seismic anchors
R Fh



*  Floor madification for pit mounting

@i AT WREE
. Floor reinforcement
Ho, & Ho [
*  Floor drainage
HEK

«  Facility wall thickness and form to accommodate different wall seals % 7 49 3& 69
3 B et XiE 5 TS ) 0 3 09 5 3t

»  Sterilizer fascia and trim panels
K AR BLE AR Ao AR

If separation of a classified space is required, wall seals should he provided (See 4.1.1). There
are two main types of wall seals:
W REZES;RGEBLST, MG EIE (L4101, 24 AMNEH:

« Air differential pressure seal is designed to maintain clean room pressure.
JEEFEH BT AR THERFFTFREZ

Figure A-9 Example of Air Differential Seal /& £ 554t

Flange Gasket

. Biological safety seal is designed to maintain 3 biologically classified area. The seal
maintains room pressure and ensures no microorganisms will pass through the

barrier.
AL FHRNTHRBZ=NAEADDEBR, FHEEFZ TS FTREEARIELMAENHT T
ﬁ’rﬁo

Figure A-10 Example of Biological Safety Seal & #7144 % 3t 7



Flange Gasket

Bolted Gasket




Appendix B Sterilizer Verification Activitiesft#4B XA B EiLE3)

Task/Action/Activity(15) | FAT [ SW_ [SAT [IVIQ | 0ov/iOQ

Requirements, Specifications and Test Plans
BE, RPN ZE

Vendor Quality Plan
HEAMESTE

User Requirements Specifications
R P& KA

Functional Requirements Specifications
e E KL

Detail Design Specifications
it AL

Equipment Qualification Plan
REHING &

Factory Acceptance Test Plan
I BN &

Site Acceptance Test Plan
EUEZ Ee Sk SUIRE S

Supplier Documentation to Support Verification / Qualification Activities
BB B LB FHRE

Operation and Maintenance manuals

Bl e 7 3 X X X

Parts/component list with catalog cut sheets
B KA REAM AL

Equipment arrangement diagrams (skid) X X
K& B

Equipment arrangement diagrams (site
installation) X X X
BEREE OLHEHR)

Diagrams for accessories (e.g. loading carts)
MR GeEdo %)

Process and Instrumentation Diagrams
I A ENER

System performance calculations
E Wi o S

Pressure vessel certification report (e.g. ASME
U1 form) X X
S BB AR

Material certificates for product contact
parts/components X X
AT 094 BiE

Weld logs and inspection records for sanitary
piping X X
A EEIFER AR EIER

Slope checks and inspection reports
WEMI Fete T ARE

Cleaning and passivation records for product
contact materials X
BB R E R R R

Pressure relief device certification

R B X X X

Activities that Support Site Installation Requirements

XFAGZERELIGEH

Inspection of system installation details (fit and

finish) X X X




AAZEmMPOES

Verify that all spare parts are available, have
part numbers, assembly numbers (where
necessary), and are labeled
IR & AT R, A3 tmTERKmT (G
&), HHARE

Verify that all safety guarding is in place and
functional

U e 0 i

Verify operator accessibility and ergonomics
FRHINRAEA R T i o) M e AR TAZ S

Check chamber and al piping for
drainability/slope verification
A g E Fo g 35 69 HE K Ao IR

Verify that the P&ID reflects the as-built
condition of the equipment
HINP&IDR B T & & 3R T

Verify that all components are tagged
consistent with the P&ID. schematics and
instrument list

FINFTA 34 5P&ID, B & 421k & F ¥ 694718 —
%

Verify that the component part numbers match
the information on the instrument list
HINBA G5 5 & F R L& —&K

Verify the machine nameplate is installed, and
that the information on it is correct
5)%7«)\13\%/‘@)%?‘ K ﬂ‘ﬂ-{n fioN JEE)%

Verify that all motors are correctly labeled with
nameplate and data

A INFT R R F) A SE A 4 1 Ao A

Verify that all utility connections are made,
sized correctly, and labeled with type and limit
data

i RixatiEdE, RTIEH, &7 22 fRk
# KA

Pumps and motors. Verify component label
information (voltage, amps, phase, frequency,
and horsepower) and control information (fixed
or variable speed, direction of rotation and
RPM). Capacities must conform to
specifications.

T KAWL AN ER L (BE, 23IEF,
A8, RFEF 7)) Fetzdlz 8 (2R TEHN
ik B st T e A2RPM) . A2 5 E—H,

Verify that the equipment has been cleaned in
preparation for shipment to the customer
HINE R EMA R PFAICEFD,

Verify that the surface finish of the equipment
matches the customer requirements
IR EWERBRIEFEE P ER

Check for mechanical safety according to the
mechanical safety checklist line Emergency
Stop Verification

AINIAMRE &, RIBRZ LTI E A 2IFHIN

Check for electrical safety according to the
electrical safety checklist




REFEEH R LT EALETER TS

Verify that all process critical measuring
instruments have been calibrated to an NIST
reference. This applies to individual
components as well as control loops (e.g.
sensor and signal input to a transmitter;
transmitter output to a controlling device)
FRINFT R R4t 2k 283 BNISTAR AT
R, IANERTFENMLH AR D (iR
KA TN, Wl R E)

Activities that Support Functional Requirements
L HHEREBTH

Test decibel level of operating equipment with
equipment X
MBS AR F

Test the ability of the vacuum pump to attain the
specified full vacuum levels in the specified
time.

MR LT RAELB GRS LS

Verify the operational range of any
programmable set-point
AN T ZRAZ 09Xt B A HRAE L

Open all utility services to the autoclave and

check for leaks (in both static and dynamic

conditions).

ATIF 4 R AR QT A o e S 2 E it
(B EFe )

List all lubricants used for each piece of direct
contact equipment. Verification that these
lubricants are approved for use must be
documented during the execution phase. X
P A A AR T S 09I PT R 69T R . AN
SR T AR AR R ELAE AR R I BOR SUAE T
o

All filters are properly installed and integrity
testing the documented.
B RF A RN

Site Utilities Verification 3L % » B & 3641\

« Electrical® #

* Peak Steam Flow % & LA 2

« Steam Quiality during Peak Times %4 i1 &
ARE

* Pipe size’# i R <

« Water Temperature for vacuum pump£ = %&
Kig

Verification of jacket temperature and

chamber temperature with calibrated surface
thermometer during sterilization simulation is
recommended

B AR A B A AR 6 & @R R T AR
FhkEiBA

Empty Chamber Thermal Mapping
ZHEBENT

Cycle Tests: (if applicable) X # & MK (4= %
TR X
» Porous/hard Goods Cycle 4 Jfi 44k K # J& #A




« Liquid Cyclei& #k X # & #1

« Filter Sterilization CycleJg % X & J&i #1

« Effluent Decontamination CycleF 7K %1t

* Air Detector = A A& %

« Bowie-Dick Air Removal Cycle %% = 2 4 3
* Pressure Leak Cycle/E 77 it M| 1%,

« Vacuum Leak Cycle £ 7 it i 4%,

Tests that Support Software Qualification and
Z A FHAFPART 1L L4 590/,

Part 11 Compliance

Software Quality Control Plan
B mEEs TR

Control system architecture diagrams=#| & 4t
24 B

Wiring, cabling and communications
Diagrams
Ky, KO, BIEH

Control loop diagrams
4 = 5% R

User manuals to support PLC/HMI systems
X #HPLC/HMI®Y R 7 F M

Confirmation of software versions for PLC
PLC#: £ ia K 24 IA

System graphics
FARB A

Record part numbers, versions and serial
numbers of all computerized hardware
P A H AR 69 % 5 . R A A T 5

Record version numbers of all computerized
software Software Version Verification
TP A T H AL AR A5

Test parameter entry for format, upper and
lower limits
XA T A& XAe £ T RG9S S A

Test HMI screens for function Operator
Interface Verification (Screen Navigation)
Control Panel and System Functionality
Verification

MIXHMIGE R R A TAA R @ 325 @ fe

Test HMI screen navigation
MXHMI @ & F A

Test HMI screens for SCADA function and
display
MK HMI 5 3% 49 SCADA ) ft = B

Test for alarm function and terminology
Alarms and Warning Messages Verification
MK E G A K IBRE o542 8

Test for control and interlock functions Safely
Interlock Verification (Door Open/Close. Steam
Valve, Door Seal back-up. etc)
MR H A LG e (1% KART, 1%
%)

Data Integrity Test (if unit permanently stores
data)
AR EMN K (G RIX &R 95 H A8 55 IE)

Audit Trail Test (if unit creates a permanent




audit trail record)
F I8 IR MK (e IR B RE 95 A1 R A A F 1T iL
FILR)

PID controllers parameters configuration
printouts
PID#= 4 %5 09 A M B B ATEP v oy

Communication Loss
i R

Test log-in function and security levels
Security/Access Level (Password Tests)
MXE F A2 F R (FHNK)

Test fail-safe function of critical sensors-all
safety devices and functions should be verified
in real tests

MR KA KGR MEZ 2R, A %2R EF
R e B 52 IR P AT H N

Test input and output loops for wiring
Input/Output Verification
FRINIE &S N5 2 A

Test back-up and restore procedure for

al programmed devices System Back-Up
Disaster and Recovery Verification

MK TR TAZ XA R & R R0 & Atk 2 A2
o &t KRR AN

Test controls for power loss and recovery Loss
of Power (Power Break) Controller On/Off
Recovery Test

MK RRKARE (RRPE) o EHBFX
R MK

Cycle alarms/aborts testing -Determine how the
autoclave control system safety aborts the
cycle during each phase of the sterilization
cycle. For a double door chamber, confirm
operation of door interlocks after an aborted
cycle, only the load door should open.

K B EAFR P Ak X -5 A R A AN P
BREAEIE S R BT P kA2 o 3T
T, EPLEREE, ANV LHEE, Rk
FEHEME T,

Verify password and security levels for different
levels of program access (operators,
supervisors, service personnel).

FINTS Bl A R A 0 5 2D Fa 2 A B RAEAR,
BEAR, HEAR) .




Appendix C Documentation M4C X4
Figure C-1Documentation B C-1 X4

Design and Construction Level

BRI 145

Overall Project Plan and On-going
Control Level
SR B HRIAN R A

Commissioning and Test
Level
RIS

Qualification Level
NG R




